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PEEFACE 




This  Woik  is  essentially  a  Dictionary  of  Chemistry  in  its  Applications  to  tlie  Ai  ts 
and  Manufactures ;  hence  it  deals  but  spaiingly  with  the  purely  scientilic  aspects 
of  Chemistry,  unless  these  have  some  direct  and  immediate  bear  ing  upon  the  busi- 
ness of  the  technologist.  For  all  such  matters  refei-ence  is  made  to  the  New  Edition 
of  '  Watts'  Dictionaiy  of  Chemistry,'  by  Dr.  Forster  Moi-ley  and  Mr.  Pattison 
Muir,  to  which,  indeed,  the  present  Work  may  be  said  to  be  complementaiy.  In 
oi'der  to  facilitate  such  i-eference  the  general  plan  and  method  of  ari'angement  of 
the  two  Dictionaries  are  similar,  and  the  nomenclatiu'e  and  notation  adopted  ai'c 
jiractically  identical.  It  has,  however,  not  been  thought  desirable,  even  if  it  had 
been  found  possible,  to  make  use  of  the  same  elaborate  system  of  abbrevi;ition  and 
contracted  expi'ession  as  that  employed  in  the  companion  Woi'k,  in  which  the 
variety  and  complexity  of  the  subject-matter  are  necessarily  much  greater. 

Although  the  two  Works  ai-e,  in  a  broad  geneial  sense,  complementary,  it  is 
practically  impossible  to  avoid  a  certain  amount  of  overlapping,  and  tlierclMi  e  a 
certain  degree  of  independence.  Hence  in  the  present  Work  the  chemical  history 
of  a  product  of  technical  importance,  so  far  as  it  is  known,  has  often  lieen  completed 
altlioiigh  its  derivatives  have,  at  present,  no  aj)i)lications  in  the  xVrts.  Moieovei-, 
such  subjects  as  the  Atjiospiiere,  Watek,  Feiimentation,  the  Chemistry  of  the 
Kydrocaiibons,  the  Vegeto-Alkalotds,  Gluoosiues,  ttc  all  of  which  are  dealt 
Avith  in  the  other  Work,  find  also  a  place  in  this  Dictionary  by  reason  of  their 
l  elations  to  Technology  or  to  Medicine  and  Sanitation.  In  all  cases,  however,  these 
subjects  are  treated  fi-om  the  standpoint  of  practical  apjJicatioii. 

The  Editor  has  been  fortunate  in  securing  the  co-operation  of  a  large  number 
of  gentlemen,  not  only  in  the  United  Kingdom,  but  also  in  America,  Ceiiuany, 
tSwitzerland,  &c.,  as  contributors  on  subjects  with  which  they  are  specially  cjualified 
to  deal.  A  list  of  these,  with  the  titles  of  their  contributions,  is  })i'elixed  to  each 
volume.  Their  names  and  standing  ai'e  a  suliicient  guai'antee  that  no  pains  have 
l)een  spared  to  make  the  Woik  a  faithful  I'ecord  of  the  pi'esent  condition  of 
Chemistiy  in  its  relations  to  the  Arts  and  Manufactui'es.  Special  attcntitm  has 
been  paid  to  the  bibliogi-aphy  of  the  subjects,  and  in  certain  cases  to  the  com- 
pilation of  trustworthy  patent-lists. 

The  Editor  desires  to  express  his  acknowledgments  to  Messrs.  F.  B.  Guthrie, 
G.  T.  HoUoway,  Herbert  Ingle,  H.  A.  Lawraiice,  T.  A.  La^\soll,  J.  Mills,  and 
W.  P.  Wynne,  for  assistance  in  the  compilation  of  the  sulject-niatter  of  certain  of 
the  ai-ticles  ;  and  he  is  under  oliligations  to  his  colleagues  Messrs.  Japp,  Howes,  and 
Scott  foL'  aid  in  the  revision  of  the  pioof  sheets. 
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AAL,  A'L,  ACH  or  AfCH.  Native  names 
for  tlie  roots  of  Morinda  tinctoria  and  M. 
citrifolia  which  are  extensively  employed  in 
various  jjarts  of  India,  under  the  general  trade 
name  of  Suranji,  as  a  dye-stuff,  more  especially 
for  dyeing  reds,  purples,  and  chocolates.  These 
plants  are  to  be  met  with  in  nearly  all  the  pro- 
vinces of  India,  either  wild,  as  in  the  jungles  of 
Bengal,  or  cultivated  in  small  patches  in  betel- 
nut  plantations,  or  near  the  homesteads  of  the 
dyers. 

In  Bengal,  the  plant  is  usually  propagated 
by  slips  or  cuttings,  but  in  other  jiarts  it  is  raised 
from  seed,  as  well  as  from  cuttings.  When  the 
plants  have  attained  a  height  of  some  five  or  six 
feet,  that  is,  as  a  rule,  at  about  the  end  of  the 
third  year,  the  straight  spindle-shaped  roots, 
which  extend  into  the  ground  to  a  depth  of  three 
or  four  feet,  are  dug  out,  and  the  upper  portions 
of  the  plant  are  cut  into  slips  to  serve  for  the 
propagation  of  the  next  crop. 

The  colouring  matter  is  found  jirincipally  in 
the  root-bark,  and  is  developed  in  greatest  quan- 
tities at  about  the  end  of  three  or  four  years, 
depending  upon  the  character  of  the  soil.  After 
this  time,  the  dyeing  matter  gradually  dis- 
appears, and  the  matured  trees,  which  even- 
tually attain  the  height  of  a  mango  tree,  contain 
hardly  a  trace  of  it.  The  thin  roots  are  the  most 
valuable,  roots  thicker  than  half  an  inch  being 
thrown  away  as  worthless.  They  are  mainly 
used  for  dyeing  the  thread  or  yarn  from  which 
the  coloured  borders  of  the  cotton  garments 
worn  by  the  lower  classes  are  woven,  but  they 
are  also  occasionally  employed  for  dyeing  the 
coarse  cotton  fabric  called  '  Kharua,'  or  for 
dyeing  the  silk  thread  which  forms  the  border  of 
the  silk  fabric  known  as  '  Endi '  cloth.  The 
colours  given  by  A'l  range  from  a  reddish-yellow 
through  pink  and  various  shades  of  red  to  a  dark 
brown -red.  The  tint  seems  primarily  to  depend 
upon  the  age  of  the  root,  and  upon  the  pi'opor- 
tion  of  root-bark  to  root-stem  which  is  employed. 
The  root-bark  gives  the  best  reds  ;  the  dye  in 
the  woody  part  of  the  root  is  yellow,  and  hence 
when  the  wood  preponderates  over  the  bark  the 
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resulting  dye  is  reddish -yellow.  The  methods  of 
A'l-dyeing  diifcr  considerably  in  various  parts  of 
India.  The  usual  plan  in  Bengalis  to  steep  the 
cloth  or  yarn  in  a  mixture  of  powdered  castor- 
oil  seeds  and  the  ashes  of  plantain  leaves  or 
other  alkaline  ashes  and  water,  for  some  days 
with  alternate  washing  and  drying,  after  which 
it  is  boiled  with  the  dyeing  solution  prepared  by 
treating  the  pounded  roots,  or  sometimes  the 
root-bark  only  with  water. 

Myrabolans,  turmeric,  the  bark  or  leaves  of 
Syinplocos  racemosa,  alum,  certain  gums,  and 
various  other  substances  are  occasionally  used 
as  mordants  or  auxiliaries  either  immediately 
after  the  cleansing  process  or  along  with  the 
dye-stuff;  frequently,  however,  the  cloth  is 
transferred  directly  from  the  cleansing  liquor  to 
the  decoction  of  the  root,  and  no  mordant  is 
employed.  Purples  and  chocolates  are  obtained 
by  adding  sulphate  of  iron  to  the  dyeing  liquor. 

The  active  dyeing  principle  of  A'l  seems  to  bo 
Morindin,  a  crystallisable  glucoside  first  isolated 
by  Anderson,  and  further  investigated  by  Stein, 
and  Thorpe  and  Grecnall  (Anderson,  A.  71,  216  ; 
Thorpe  and  Grecnall,  C.  T.  61,  52  ;  Liotard, 
Indian  Dyes  ;  M'Cann,  Dyes  and  Tang  of  Ben- 
gal)    ('-'.  MouiNDiN  and  Mor.iNDON). 

ABACA.  A  species  of  fibre  obtained  from 
the  Philippine  Islands,  and  used  in  the  manu- 
facture of  mats,  cordage,  etc. 

ABIES.  The  spruce-firs  :  a  genus  of  trees 
belonging  to  the  Conifers,  the  most  important 
member  of  which  is  the  Norway  Spruce  (-1.  c.v- 
cclsn),  constituting  the  '  White  Norway,'  Chris- 
tiania,  and  Danzig  deals  of  the  timber  merchant, 
much  used  for  flooring,  joists,  and  rafters.  The 
waste  portions  of  the  trunks  and  smaller  branches 
are  made  into  splints  for  the  match  manufac- 
turer {v.  Matches).  Spruce  wood  is  also  used  in 
the  manufacture  of  paper  (y.  Cellulose).  '  Spruce 
rosin  '  or  '  frankincense '  is  mainly  obtained 
from  A.  excelsa,  and  is  used  in  making  the 
better  varieties  of  Burgundy  pitch  {v.  Borgundy 
pitch).  The  bark  and  young  cones  of  spruce 
are  employed  as  tanning  materials  by  the  Norse 
peasantry,   and  an  infusion  of  the  buds  in 
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milk  is  usci  by  them  as  a  remedy  for  scurvy. 
Spruca  beer  is  made  by  adding  a  decoction  of 
the  green  cones  to  the  wort  before  fermentation. 
The  Bla3k  Spruce  {A.  nigra)  is  chiefly  found  in 
Canada  and  Newfoundland.  The  spruce  beer  of 
America  is  made  from  the  young  shoots  of  this 
tree  :  the  concentrated  infusion  of  the  buds  con- 
stitutes '  Essence  of  Spruce.'  Other  varieties 
found  in  Canada  are  the  White  Spruce  (A.  alba), 
the  Hemlock  Spruce  {A.  canadensis),  the  bark  of 
wbich  is  used  for  tanning  ;  and  the  Douglas 
Spruce  {A.Douglasii),  which  frequently  rises  to 
a  height  of  '200  feet  with  a  trunk  measuring  8 
to  10  in  diameter. 

ABIEfJSME.  A  hydrocarbon  obtained  by 
distilling  the  terebinthinatc  exudation  of  Pimis 
Sabmiana,  a  coniferous  tree  indigenous  to  Cali- 
fornia, and  growing  on  the  dry  slopes  of  the  foot- 
hills of  the  Sierra  Nevada  and  on  the  hills  along 
the  coast,  and  known  locally  as  the  nut-pine  or 
Digger  pine.  To  procure  the  exudation,  the  tree 
during  winter  is  notched  and  guttered  at  a  con- 
venient height  from  the  ground,  and  the  resin  on 
distillation  yields  the  liquid  hydrocarbon.  The 
crude  oil  is  met  with  in  San  Francisco  as  an  article 
of  commerce  linder  the  names  of  '  Abietene,' 
'  Erasine,'  '  Aurantine,'  and  '  Thioline,'  and  is 
used  for  removing  grease-spots,  paint-stains, 
etc.,  from  clothing.  It  is  a  nearly  colourless  mo- 
bile liquid  of  powerful  aromatic  smell,  recalling 
that  of  oil  of  oranges.  Its  vapour  is  said  to  be 
powerfully  anassthetic,  and  it  has  been  used  with 
success  as  aa  insecticide.  It  boils  at  about 
100°. 

Abietene  has  been  shown  by  Thorpe  to  con- 
sist almost  entirely  of  normal  heptane,  C,H|,,, 
mixed  with  a  small  quantity  of  a  resin  to  which 
its  characteristic  smell  of  orange  oil  is  due. 
(Thorpe,  C.  J.  35,  290  ;  Schorlemmer  and  Thorpe, 
T.  174,  2G0). 

ABIETIC  ACID.  An  acid  said  to  exist  in 
colophony,  or  to  be  formed  from  that  substance 
by  digestion  with  dilute  alcohol.  According  to 
Maly  (A.  129,  54  ;  132,  249)  colophony  consists 
chiefly  of  abietic  anhydride  Cj,Hj.,0,.  By 
hydration  it  forms  the  acid  CnH^iOs  which  on 
hydrolysis  yields  syl vie  and  sylviuolic  acids: 
C„H,.0,  -f  H,0  =  C,„H„,0,,  +  C,,H„0,. 

Sylvic  acid.    Sylviuolic  acid. 
According  to  Strecker  (A.  150, 131)  and  Duvernoy 
(A.  143,  143)  abietic  acid  is  identical  with  sylvic 
acid  ;  v.  also  Emmerling,  B.  12,  1441  ;  Kelbe, 
B.  13,  888  ;  v.  Culophony. 

ABSAUM  SALTS.  Ger.  Abrawnsalze  :  '  Salts 
to  be  removed.'  The  mixed  salts  found  over- 
laying the  rock-salt  deposit  at  Stassfurt  in 
Prussia.  These  consist  mainly  of  rock-salt: 
Carnallite,  a  double  chloride  of  potassium  and 
magnesium;  S(/Zyi7if,  or  potassium  chloride;  and 
Kieserite  or  magnesium  sulphate,  v.  Potassium. 

ABSINTH.  A  liquor  flavoured  with  worm- 
wood (Aricviisia  Absintliiinn,  natural  order,  Com- 
positce),  and  other  species  containing  the  bitter 
principle  termed  Absintliin.  To  prepare  absinth, 
the  leaves  and  flower-heads  of  the  wormwood  are 
steeped  in  spirit  somewhat  above  'proof  for 
several  days,  with  other  aromatic  herbs— such 
as  angelica  root,  Calamus  aromaticus,  aniseed, 
dittany  leaves  and  wild  marjoram.  The  liquid 
is  then  distilled,  and  the  green  essence  thus 
obtained  is  mixed  with  certain  aromatic  extracts,  i 


A  brilliant  tint  is  obtained  by  the  use  of  indigo 
and  other  vegetable  colouring  matters  :  sulphate 
of  copper  is  said  to  have  been  employed  for  this 
purpose ;  and  it  is  also  asserted  that  the  liquor 
is  occasionally  adulterated  with  chloride  of  an- 
timony in  order  to  produce  a  characteristic 
milkiness. 

Absinth  is  largely  prepared  in  Switzerland, 
especially  in  the  canton  of  Neufchatel ;  and,  in- 
deed, the  strongest  liquor  is  often  known  in 
trade  as  '  Swiss  absinth,'  though  it  may  not 
have  been  pi-epared  in  Switzerland. 

ABSIKTHIK  or  ABSY^THIN  Cj„H,,0,,.  The 
bitter  principle  of  Artemisia  Absinthium,  or 
wormwood.  A  yellow  crystalline  powder,  smell- 
ing like  wormwood :  sparingly  soluble  in  water, 
readily  soluble  in  alcohol  and  ether  (Mein,  A. 
8,  01  ;  Luck,  A.  78,  87  ;  Kromayej-,  Ar.  Ph.  ['2] 
108, 129). 

ABSINTHOL  C,„H,„0.  The  essential  prin- 
ciple of  oil  of  wormwood.  Isomeric  with  common 
camphor,  from  which  it  difl'ers  by  not  being  con- 
verted into  camphoric  acid  by  means  of  nitric 
acid,  nor  into  campho-carboxylic  acid  by  treat- 
ment vi'ith  carbon  dioxide  and  sodium.  With 
melted  potash  it  gives  a  resin  but  no  acid. 
Yields  cymene  when  heated  with  P.,S5  and  ZnClj 
(Beilsteln  and  Kupffer,  B.  6,  1183;"  A.  170,  290; 
Wright,  C.  T.  27,  1  a.  319). 

ABUTILON  INDICUM,  PETAREE,  or  TUBO- 
CUTY.  The  bark  of  this  tree  consists  of  long,  thin, 
tough  fibrous  strips,  and,  according  to  Dj'mock 
(Ph.  [3]  8,  383),  is  worthy  of  attention  as  a 
source  of  fibre. 

ABYSSINIAN  GOLD.  A  yellow  alloy  of  90  74 
parts  of  copper  and  8-33  of  zinc.  The  ingot  is 
plated  on  one  side  with  a  thin  plate  of  gold,  and  it 
is  then  rolled  out  into  sheets,  from  which  articles 
of  jewellery  are  formed  in  the  usual  way:  the 
amount  of  go'd  on  the  finished  ai'ticle  varying 
from  0-03  to  1'03  p.c.  Known  also  as  Talmi  gold. 
The  term  is  sometimes  applied  in  trade  to  Alu- 
minium Bronze,  v.  Alloijs,  art.  Aluminium. 

ACACIA  CATECHU  or  KHEIR  {Mimosa  Ca- 
techu, Liin.)  is  a  tree  growing  in  mountainous 
l^laccs  in  various  parts  of  India.  Its  unripe  pods 
and  wood,  by  decoction,  yield  a  catechu,  known 
by  the  name  of  Cutch  or  liutch,  which  must  not 
be  confounded  with  the  official  catechu  (Catechu 
'pallidum).  It  is  used  in  the  preparation  of 
some  leathers  and  by  dyers. 

ACACIA  GUM  or  ACACIN  v.  Guns. 

ACAROID  RESIN  or  BOTANY  BAY  RESIN 
V.  Xantlu'irrhn'a  Balsams,  art.  Balsa.ms. 

ACENAPHTHENE  C,,H,„  i.e.  C,„H,:C,H,. 
A  crystalline  substance  found  in  coal-tar  oil 
(Berthelot,  Bl.  [2]  8,  22G).  Obtained  by  cooling 
the  fraction  of  heavy  coal-tar  oil  which  boils 
between  2GO°-270°.  On  re-crystallising  the  schd 
product  from  alcohol,  acenaphthene  is  obtained 
in  long  needles,  m.p.  95°  (Behr  and  Dorp,  A. 
172,  265),  103°  (Schiif,  A.  223,  263) ;  b.p.  '^7S°. 
For  other  modes  of  formation  and  reactions  v. 
Watts'  Dictionary  of  Chemistey. 

ACETAL  C,H,,0,  or  CH,.CH(OC,H,) ,  (Do- 
bereiner,  Gm.  4,  805  ;  Liebig,  A.  5,  25  ;  il,  156 ; 
Stas,  A.  Ch.  [3]  19,  146  ;  Wurtz,  A.  Ch.  [3]  48, 
370  ;  Geuther,  A.  120,  63). 

Preparation.— To  prepare  acetal  by  Wurtz's 
method,  2  parts  of  alcohol  are  added  to  a  mix- 
ture of  3  parts  of  manganese  dioxide,  3  parts  of 
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sulpTiuric  acid  and  2  parts  of  water,  and,  after 
the  etfervescence  produced  durin>,'  the  Ih'st  mo- 
ments of  the  reaction  has  subsided,  the  whole  is 
heated  at  lOJ^  until  3  parts  have  distilled  over. 
The  product  is  tlien  fi-actionally  distilled,  and 
two  portions,  one  boiling  below  80"^  and  the 
second  boiling  at  80°-95-^,  are  collected.'  Tlie 
former  fraction  is  treated  with  calcium  chloride; 
the  ethereal  layer  which  separates  is  distilled, 
and  that  portion  boiling  above  00"  is  again 
treated  with  calcium  chloride  to  separate  the 
impure  acetal ;  the  second  fraction  80°-'J5°  is 
also  rectified,  and  the  ethereal  layer  obtained  on 
treating  the  first  portion  of  the  distillate  with 
calcium  chloride  contains  acetal  and  is  added  to 
the  other.  Tlie  product  so  obtained  contains 
aldehyde  and  ethyl  acetate  in  addition  to  acetal, 
and  to  remove  these  it  is  shaken  witli  concen- 
trated aqueous  potash,  the  bi-own  hquid  sepa- 
rated from  the  aqueous  layer  is  distilled,  and 
tlie  distillate  shaken  with  calcium  chloride. 
The  ethereal  layer  is  then  heated  with  twice  its 
volume  of  concentrated  aqueous  soda  in  sealed 
tubes  in  a  water  bath  for  2i  hours,  separated 
from  the  soda,  distilled,  the  distillate  again 
rectiiied,  and  the  fraction  100°-105°,  which  con- 
stitutes the  greater  portion,  is  acetal. 

In  addition  to  its  formation  as  a  by-product 
in  the  oxidation  of  alcohol,  acetal  can  also  be 
obtained  from  a  mixture  of  acetaldehyde  (1  vol.) 
and  absolute  alcohol  ('2  vols.)  by  heating  it  with 
acetic  acid  {i;  vol.)  for  12  hours  at  100^  (Geuther, 
A.  12(),  (53)  ;  by  cooling  it  in  a  freezing  mixture, 
passing  dry  hydrogen  chloride  to  saturation,  and 
decomposing  the  resulting  monoclilorether  with 
sodium  ethoxide  (Wurtz  and  FrapoUi,  C.  K.  07, 
418 ;  A.  108,  223) ;  or  by  cooling  a  mixture  of 
equal  volumes  to  —21°,  and  passing  a  current  of 
pure  hydrogen  phosphide  for24  hours  (Engel  and 
Girard,  C.  11.  92,  692;  J.  1880,  Cm). 

Pioiwrtics. — Acetal  is  a  colourless  liquid 
with  a  peculiar  agreeable  odour.  Its  b.p.  =  101^, 
and  sp.  gr.  =  0-821  at  22-4°  (Stas,  A.  64,322); 
b.p.  =  103-7°-104-3°  at  744-4  mm.,  and  sp.  gr.  = 
0-8314  at  -{°  (Briihl,  A.  203,  25).  It  is  soluble 
in  18  vols,  of  water  at  25°,  and  the  solubility 
increases  as  the  temperature  rises  ;  from  the 
aqueous  solution  it  is  separated  as  an  ethereal 
layer  on  addition  of  concentrated  calcium  chlo- 
ride solution  (Stas).  Acetal  is  miscible  in  all 
proportions  Avith  alcohol  and  ether,  does  not 
reduce  ammoniacal  silver  solution,  and  is  un- 
altered on  exposure  to  air;  platinum  black, 
however,  oxidises  it  first  to  acetaldehyde  and 
subsecjuently  to  acetic  acid. 

lieactinn.—  Acetal  does  not  give  the  iodoform 
reaction  when  added  to  potassium  hydroxide 
and  iodine  in  aqueous  solution,  but  a  separation 
of  iodoform  is  obtained  if  it  is  first  shaken  with 
a  few  drops  of  hydrochloric  acid,  owing  to  the 
fact  that  acetal  is  thereby  hydrolysed  into  a 
mixture  of  alcohol  and  aldehyde. 

Derivatives. — Mono-,  di-,  and  trichloracetal 
are  obtained  as  intermediate  products  in  the 
preparation  of  chloral  by  passmg  chlorine  through 
.SO  per  cent,  alcohol  (Liebcn,  A.  Ch.  [3]  52,  313; 
I'aterno,  C.  R.  67,  765).  According  to  Krey  (.1. 
1876,  475)  a  better  yield  of  these  derivatives  is 

'  The  b.p.  is  given  as  in  tiie  original  paper,  bnt,  ina?- 
miKjIi  as  h  p.  of  acetal  is  104°  it  seems  piobab  e  that  90° 
i.,  a  iiiispriiit  Uiv  .some  liiglier  temiierature  -cay  105-'. 


obtained  if  a  mixture  of  2  parts  of  absolute 
alcohol,  3  parts  of  manganese  dioxide,  3  parts  of 
sulphuric  acid,  and  2  parts  of  water  is  heated 
until  §  of  the  lirpiid  has  distilled  over  and 
chlorine  is  passed  through  the  well-cooled  dis- 
tillate until  it  shows  signs  of  turbidity.  In  either 
case  the  product  is  treated  with  3-4  vols,  of 
water,  the  separated  oil  again  washed  with 
water,  dried  over  calcium  chloride,  and  submitted 
to  fractional  distillation.  The  fraction  80°-120^ 
contains  chiefly  aldehyde  and  compound  ethei's, 
120''-170^  chiefly  monochloracetal,  170°- 185°  di- 
chloracetal  (Lieben,  I.e.),  and  the  fraction  boiling 
above  185^  contains  trichloracetal  (Paterno,  I.e.). 
These  compounds  may  then  be  obtained  in  the 
jiure  state  by  repeated  fractionation. 

Monochloracetal  CH.,C1.CH(0C  H-,).,  (Lieben, 

A.  14(3,  193  ;  Patern^  and  Mazzara,  B.  6,  1202  ; 
Klein,  J.  1876,  .336  ;  Natterer,  M.  3,  444  ;  5,  497  ; 
Wisliccnus,  A.  192,  106  ;  Frank,  A.  206,  341)  is 
a  colourless  liquid,  having  an  aromatic  ethereal 
odour.  Its  b.p.  =  156-8°,  and  sp.gr.  =  1-0418  at 
0°,  and  =  1-026  at  15°  (Klein).  When  heated 
with  bleaching  powder  it  yields  di-  and  tri-chlor- 
acetal,  chloroform  and  chlorinated  acetaldehyde 
(Goldberg,  J.  pr.  [2]  24,  107). 

DicMoracetal  CHC1.,.CH(0C.,H,).,  (Jacobsen, 

B.  4,  217  ;  Pinner,  B.  5,  148;  A'.  179,  34  ;  Krey, 
I.e.;  Paterno,  A.  149,  372;  150,  134)  boils  at 
183°-181°,  and  has  a  sp.  gr.=  1-1383  at  14°. 

Trichloracetal  CCl3.CH(0C.,H.).,  (Byasson, 
Bl.  32,  304 ;  Wurtz  and  FrapoUi'i  J.  1872,  438) 
boils  at  197°  ;  at  204-8°  at  758-7  mm.  (Paterno 
and  Pisati,  J.  1872,  303),  and  has  a  sp.  gr.  = 
1-2813.  When  heated  with  concentrated  sul- 
phuric acid  it  yields  chloral. 

Trichlm-acctal  C  H,,CL,0._,.  Obtained  by  the 
action  of  chlorine  on  alcohol  (Lieben,  Paterno, 
Krey,  I.e.)  crystallises  in  monoclinic  needles 
resembling  caifeine,  and  melts  at  89°. 

Mouobro:uacetal  (Pinner,  B.  5,  149 ;  Wis- 
licenus,  A.  192,  112). 

ACETALS.  (Wurtz,  A.  Ch.  [3]  48,  370).  The 
acetals  are  a  group  of  compounds  formed 
by  the  combination  of  1  mol.  of  an  aldehyde 
with  2  mols.  of  an  alcohol,  and  the  elimination 
of  the  elements  of  1  mol.  of  water.  They  are 
generally  obtained  as  by-products  in  the  pre- 
paration of  aldehydes  by  the  oxidation  of  the 
corresponding  alcohols,  the  aldehyde  at  the  mo- 
ment of  formation  uniting  with  the  alcohol, 
and  this  tendency  to  combine  is  much  increased 
if  acetic  acid  is  present  (Geuther,  A.  126,  65),  or 
if  pure  (non-spontaneously  inflammable)  hydro- 
gen phosphide  is  passed  through  the  cooled 
mixture  of  aldehyde  and  alcohol  (Girard,  C.  E. 
91,  629  ;  J.  1880,  695). 

Properties.  —The  acetals  are  liquids  having 
aromatic  odours,  and  are  sparingly  soluble  in 
water,  from  which  they  can  again  be  separated 
on  addition  of  concentrated  calcium  chloride 
solution.  When  heated  in  a  closed  tube  with 
glacial  acetic  aciil,the  corresponding  aldehyde  is 
obtained  (Beilstcin,  A.  112,  239).  According  to 
Bachmann  (A.  218,  45)  tlie  series  of  acetals  can 
be  descended  by  heating  any  member  of  the 
group  with  an  alcohol  containing  a  smaller  number 
of  carbon  atoms  than  is  present  in  its  alcohol- 
residue  ;  for  example,  diethylacetal  and  metliyl 
alcohol  yield  dimethylacetal  and  ethyl  alcohol ; 
but  the  reverse  chan;.';o,  if  it  occurs  at  all,  result:; 
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in  the  production  of  very  small  quantities  of  the 
higher  acetal.  Mixed  acetals— that  is,  acetals 
containing  two  dillevent  alcohol  residues -  have 
been  described  by  Bachmann  {I.e.),  but  these 
consist  of  mixtures  of  molecular  proportions  of 
two  disthict  acetals  (Kiibencamp,  A.  225,  271). 

The  following  acetals  have  been  prepared  : 
methylal  (Kane,  A.  1<J,  175 ;  Briihl,  A.  203,  12) ; 
ethyUdene-dimethyl  ether  (Arlsberg,  J.  1864, 
485),  -dipropyl,  and  -diisobutyl  ether  (Girard, 
J.  1880,  695),  and  -diisoamyl  ether  (Arlsberg,  J. 
1864,  486)  ;  propylidenedipropyl  ether  (Schudel, 
M.  5,  247)  ;  isobutylidenediethyl  ether  (Oecono- 
mides,  Bl.  35,  500) ;  and  amylidene-di-methyl, 
-diethyl,  and  -diisoamyl  ether  (Arlsberg,  I.e.). 
Glycolacetal,  a  derivative  of  giycolaldehyde,  has 
also  been  prepared  (Pinner,  B.  5, 150). 

ACETAMIDE  C,H,NO,  or  CH,.CONH,. 

Preparation. —  (Hofmann,B.  15,980;  Schulze, 
J.  pr.  [2]  27,  512;  Keller,  J.  pr.  [2]  31,  364). 
Acetamide  is  usually  prepared  by  the  dry  distil- 
lation of  ammonium  acetate  ;  a  large  quantity  of 
ammonia  is  evolved  at  first,  but  when  the  tem- 
perature rises  to  160°  an  acid  distillate,  which 
does  not  crystallise  and  consists  probably  of 
acid  acetate  of  ammonium,  is  obtained  ;  above 
160°  a  product  containing  acetamide  distils  over 
and  crystallises  in  the  tube  of  the  condenser, 
whilst  above  190'  nearly  pure  acetamide  is  ob- 
tained (Kiindig,  A.  105,  277). 

Fropcrtics. — Acetamide  forms  white  hexago- 
nal crystals  having  a  peculiar  odour,  melts  at 
82°-83''  (Hofmann,  B.  14,  2729),  boils  at  222° 
(cor.)  [Kiindig],  is  readily  soluble  in  water,  and 
when  heated  with  acids  or  alkalis  is  converted 
into  acetic  acid  and  ammonia.  Chlorine,  led 
into  fused  acetamide,  yields  acetchloramide 
CH3.CONHCI,  and  bromine,  in  the  presence  of  di- 
lute aqueousx)otash  or  soda,  yields  acetbromamide, 
which  on  distillation  with  concentrated  aqueous 
soda  is  converted  into  methylamine  (Hofmann, 

B.  15,  408).  Acetaaiide  acts  both  as  a  base  and 
an  acid  (Pinner  and  Klein,  B.  10,  1896),  com- 
bining with  hydrogen  chloride  and  nitric  acid, 
and  forming  compounds  in  which  a  metal 
takes  the  place  of  one   atom  of  hydrogen,  as 

C,  ,H.,0._NHAg  (Strecker,  A.  103,  321).  Mono-,  di-, 
and  tri-chloracetamide  hav3  also  been  prepared 
(Willm,  A.  102,  110;  Geuther,  J.  1804,  317; 
Pinner  and  Fuchs,  B.  10,  i066  ;  Malaguti,  A. 
66,  286;  Cloez,  A.  60.  261;  Bauer,  A.  229, 
165). 

Diacetamide  C^H-NO,,  or  NH(C,H,0),  (Gau- 
tior,  Z.  1869,  127  ;  Hofmann,  B.  14,  2731),  and 

Triacctamidc  ^.H^NO^,  or  N(C.,H.,0).,  (Wi- 
chelhaus,  B.  3,  847),  and  derivatives' from  them, 
have  also  been  obtained. 

ACETANILIDE,  also  known  as  ANTIFE- 
BRIN,  is  prepared  by  heating  together  glacial 
acetic  acid  and  aniline  for  some  time.  The 
mass  solidifies  and  is  then  distilled. 
C,H,NH_,+  CH3.C0,H  =  C,.H,NHCOCH,  +  H.,0. 

Tiie  substance  melts  at  114°  and  boils  w'ith- 
out  decomposition  at  295°,  and  it  is  soluble  in 
hot  water,  alcohol,  and  ether. 

It  is  decomposed  by  boiling  with  alcoholic 
potash  forming  aniline  and  potassic  acetate. 

ACETIC  ACID.  Acidc  Acctique.  Essigsdure. 
Aciduvi  Accticiivi.    C.,H  O.,  i.e.  CH,.COOH,  or 

an.oH. 

Acetic  acid  occurs  in  nature  in  the  juices  of 


many  plants,  especially  trees,  either  as  free  acid 
or,  generally,  as  the  calcium  or  potassium  salt ; 
and,  in  the  form  of  organic  acetates,  in  the  oils 
from  many  seeds.  It  is  stated  to  be  present  in 
larger  quantities  when  the  plants  are  kept  from 
the  light.  It  exists  in  certain  animal  fluids  ; 
Bechamp  states  it  to  be  a  normal  constituent 
of  milk.  Gmelin  and  Geiger  have  found  it  in 
mineral  waters,  doubtless  from  the  decomp)osition 
of  organic  matter. 

Being  a  very  stable  body  both  at  the  ordinary 
and  at  high  temperatures,  it  is  found  as  a  pro- 
duct of  the  decomposition  or  destructive  dis- 
tillation of  many  organic  substances.  Acetic 
acid  was  first  shown  by  Lavoisier  to  be  formed 
by  the  oxidation  of  alcohol.  Its  true  composi- 
tion was  ascertained  by  Berzelius  in  1814,  and 
Dobereiner  in  1822  proved  that  it  was  formed, 
together  with  water,  by  the  oxidation  of  alcohol, 
without  the  formation  of  carbonic  acid  as  had 
been  previously  supposed. 

Preparation. — Acetic  acid  is  produced  by  the 
oxidation,  decomposition,  and  destructive  dis- 
tillation of  many  organic  bodies.  The  greater 
part  of  that  used  in  commerce  is  produced  in 
the  destructive  distillation  of  wood. 

By  the  action  of  oxygen  on  alcoholic  liquids 
under  the  influence  of  ferments,  vinegar  is  pro- 
duced, of  which  the  active  constituent  is  acetic 
acid.  Alcohol  may  be  converted  into  acetic  acid 
by  powerful  oxidising  agents,  such  as  chromic 
acid,  nitric  acid,  &c.  Advantage  may  be  taken 
of  the  fact  that  spongy  platinum  or  platinum 
black  has  the  property  of  absorbing  oxygen,  and 
thus  acting  as  a  powerful  oxidising  agent.  If  a 
tray  of  spongy  platinum  be  placed  over  a  vessel 
of  alcohol  with  free  access  of  air,  the  platinum 
absorbs  at  the  same  time  the  oxygen  and  the 
alcohol  vapour,  which,  being  brought  into  such 
immediate  contact,  combine  and  j)i'oduce  acetic 
acid  and  water  : — 

CH.CH.OH  +  0,=  CH.COOH  +  OH., 

Alcohol  Aci^tic  acid 

In  addition  to  the  acetic  acid,  aldehyde 
(acetic  aldehyde)  is  produced,  which  is  inter- 
mediate in  composition  between  alcohol  and 
acetic  acid.  It  is  formed  by  the  removal  of  two 
atoms  of  hydrogen  from  the  alcohol  without 
their  replacement  by  an  atom  of  oxygen  : — 
CH3CHPH  +  0  =  CH,COH  +  H.O 

Alcohol  Aldehyde 

In  presence  of  excess  of  oxygen  aldehyde 
forms  acetic  acid.  Aldehyde  is  a  very  volatile 
liquid,  and  is  liable  to  be  lost  before  its  conver- 
sion into  acetic  acid  ;  it  is  therefore  necessary  in 
all  cases  where  acetic  acid  is  produced  by  the 
oxidation  of  alcohol  to  allow  free  access  of 
air. 

This  method  produces  a  very  pure  acetic 
acid,  but  on  account  of  the  initial  cost  of  the 
platinum  (wdiich,  however,  is  not  in  any  way  in- 
jured by  use)  it  is  not  used  on  the  manufacturing 
scale.  An  apparatus  has  been  made  in  Ger- 
many which  contained  a  large  number  of  small 
vessels,  each  surmounted  by  a  watch-glass  con- 
taining platinum  black.  The  temperature  was 
kept  at  33°C.,  and  a  constant  current  of  air 
passed  through,  the  products,  as  they  passed 
out,  being  conveyed  through  condensers  so  tbat 
all  the  acid  was  saved.  The  apparatus,  of  40 
cubic  metres  capacity,  contained  17  kilos  of 
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plut'miiii,  and  convovte.l  150  litres  (33  gallons) 
of  alcohol  into  pui'c  acetic  acid  daily. 

The  action  of  the  atmospheric  oxygen  may, 
howe  ver,  be  assisted  in  other  ways.  The  ferment 
known  as  the  '  vinegar  plant,'  '  mother  of  vine- 
gar,' M  'jcodenna,  viiii,  or  Mijcolcrma,  accti,  has 
this  power,  and  appears,  like  platinum,  to  absorb 
the  oxygen  and  oxidise  the  alcohol  within  its 
pores.  It  is  a  white  gelatinous  nitrogenous 
l)lant,  requiring  for  its  healthy  growth  albumi- 
nous substances  and  mineral  salts,  which  are 
always  jiresent  in  wines  and  other  alcoholic 
liipiids.  On  account  of  the  absence  of  this  food 
it  has  no  action  on  pure  alcohol,  but  Pasteur 
has  shown  that  pure  alcohol,  to  which  alkaline 
pliospliate  and  ammonium  phosphate  have  been 
added,  is  slowly  acetified  by  this  ferment,  the 
ammonia,  instead  of  the  albuminous  substances, 
supplying  the  nitrogen. 

The  concentrated  or  glacial  acid  is  usually 
prepared  by  the  distillation  of  a  dry  acetate 
with  an  equivalent  quantity  of  strong  sulphuric 
acid,  or  acid  potassium  or  sodium  sulphate. 
The  following  proportions  may  be  used  :  — 
Sodium  acetate,  82  parts,  or  potassium  acetate, 
'J^i,  or  calcium  acetate,  79,  or  lead  acetate,  1G3, 
heated  with  49  concentrated  sulphuric  acid,  or 
13lj  acid  potassium  sulphate. 

Sodium  acetate  being  easily  obtainable  is 
generally  used.  It  is  first  rendered  anhydrous, 
and  then  fused  in  sheet-iron  pans,  0  feet  by 
■J  feet,  care  being  taken  that  no  sparks  reach 
the  dried  salt,  as  it  would  then  ignite  and  burn 
like  tinder.  The  mass  is  cooled,  broken  into 
small  lumps,  and  distilled  with  concjntratod 
sulphuric  acid.  The  distillate  contains  a  small 
quantity  of  water,  and  is  redistilled.  The  first 
portion  distilling  contains  the  water,  the  later 
portion  is  collected  and  cooled  ;  when  crystals 
of  tlie  glacial  acid  have  formed  the  still  liquid 
portion  is  removed,  the  crystals  are  melted  and 
rod'stilled  as  before,  producing  the  glacial 
acid. 

When  a  solution  of  calcium  chloride  is 
mixed  in  proper  proportions  with  a  solution  of 
calcium  acetate,  tine  large  crystals  of  a  double 
compound,  calcium  ac?to-chloride 
CaC,H,0,C1.5H,0 
gradually  separate.  H.  B.  Condy  has  found 
tliat  these  crystals  may  be  produced  in  com- 
parative purity  even  when  impure  brown  acetate 
of  lime  is  used,  and  has  patented  (18;j8)  a 
process  for  the  preparation  of  pure  acetic  acid 
by  means  of  this  salt.  The  ordinary  commercial 
or  '  distilled '  acetate  of  lime  is  generally  used. 
It  is  mixed  with  the  proper  proportion  of  cal- 
cium chloride,  and  the  solution  is  concentrated  by 
evaporation  until  crystallisation  has  commenced, 
and  is  cooled  ;  the  mother-liquor  is  poured  from 
the  crystals  and  concentrated  with  the  pro  luc- 
tion  of  a  second  crop  of  crystals  ;  this  is  re- 
peated until  about  four  crops  have  been  pro- 
duced. The  crystals  are  then  dissolved  in 
water,  filtered  through  animal  charcoal,  mixed 
with  about  10  p.c.  of  calcium  chloride,  and 
recrystallised.  The  crystals  are  distilled  with 
a  mixture  of  1  part  sulphuric  acid  of  sp.gr. 
1-81  and  2  parts  water,  and  the  acetic  acid 
concentrated  in  the  usual  way.  Very  pure 
acid  is  manufactured  by  this  process.  The 
glacial  acid  may  also  be  prepared  by  the  dis- 


tillation of  di-  or  acid-acetate  of  potash,  which, 
when  heated,  decomposes  into  acetic  acid  and 
the  normal  acetate  of  potash.  If  ordinary 
acetic  acid  be  heated  with  normal  potassium 
acetate,  the  acid  acetate  is  formed,  and  a  weaker 
acid  at  first  distils  over;  as  the  temperature 
rises,  the  diacctate  commences  to  decompose, 
and  the  distillate  increases  in  strength  until  the 
glacial  acid  passes  over.  When  the  temperature 
reaches  300°C.  the  distillate  becomes  coloured 
from  the  decomposition  of  the  acid  (INIelsens,  A. 
52,  27-1;  C.  11.  19,  CU). 

Ijy  repeated  fractional  distillation  of  a  weak 
acid  the  glacial  acid,  which  boils  at  the  higher 
temperature,  may  be  produced. 

T.  Goring  (D.  P.  J.  254,  90-91)  advises  the 
addition  to  dilute  acetic  acid  of  substances  which 
combine  with  the  acid  but  are  not  soluble  in 
water ;  the  layer  of  the  substance  will  thus 
separate  the  acetic  acid  from  the  water,  and 
can  itself  be  removed  from  the  acid  by  frac- 
tional distillation  or  other  means.  The  method 
has  been  patented  (Germ.  pat.  28064,  1883). 

'Aromatic  vinegar'  is  frequently  prepared 
by  distilling  crystallised  diacetate  of  copper  (dis- 
j  tilled  verdigris).    The  acetate  is  dried  atlliO''  C. 
and  distilled  in  earthenware  retorts  ;  the  glacial 
acid  distils  over,  soon  becoming  coloured  green 
from  the  presence  of  copper  acetate.    It  requires 
to  be  redistilled.    The  verdigris  produces  about 
half  its  weight  of  the  acid.    The  pleasant  odour 
j  of  aromatic  vinegar  is  largely  due  to  the  presence 
j  of  acetone,  which   is  always  produced  when 
■  acetates  of  heavy  metals  are  distilled,  but  cam- 
I  phor  and  essential  oils  are  frequently  added  to 
increase  or  modify  the  smell. 

Pure  acetic  acid  for  pharmaceutical  and  other 
purposes  should  not  decolourise  a  solution  of 
permanganate  of  potash.  To  remove  the  organic 
matter  which  would  have  that  effect,  tlie  acid  is 
distilled  with  i)evmanganate  or  dichromate  of 
potash  in  a  copper  retort  having  a  silver  con- 
denser. The  operation  is  best  conducted  in  an 
atmosphere  of  carbonic  anhydride  to  prevent 
action  of  the  acid  on  the  metals.  For  Pyrolig- 
neous  Acid  w.  Wood,  desxkuctive  distilla- 
tion OF. 

Properties. —  The  strongest  acid  solidifies 
at  10-7°C.  in  tabular  or  prismatic  glistening 
crystals.  According  to  Kegnault  the  glacial 
acid  may  be  cooled  to  —  10"^  without  solidi- 
fication, even  when  agitated,  but  on  the  addition 
of  a  crystal  of  the  acid  the  w-hole  solidifies  and 
the  temperature  rises  to  l(r7-',  the  ordinary 
solidifying  point. 

The  specific  gravity  of  the  crystals  at  Y°C. 
is  1-0G07  (IMendeleef,  .J.  18>;0,  7).  They  melt  to  a 
mobile  colourless  liijuid  of  sp.gr.  1-0513  at  'j' 
(Petter.son,  J.  pr.  [2]  24, 301),  l-04;)5  at  (Briihl), 
which  boils  at  118-5  C.  at  700  mm.  (I'erkin). 
The  liquid  is  uninilaraniable,  but  the  vapour 
burns  with  a  fine  blue  tiame  producing  wate;  and 
carbonic  acid.  When  passed  through  a  red  hot 
tube  only  a  small  portion  is  decomposed  pro- 
ducing cai'bon,  acetone,  benzene,  &c.  The  strong 
acid  blackens  when  heated  with  concentrated 
sulphuric  acid  evolving  sulphurous  and  carbonic 
anhydrides. 

Nitric  and  chromic  acids  have  no  action  ;  for 
this  reason  acetic  acid  is  frcipiently  used  as  a 
solvent  for  organic  substances  such  as  hydro- 
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carbons,  which  are  to  be  subjected  to  the  action 
of  chromic  acid.  Chlorine  under  the  influence 
of  sunhght  replaces  a  portion  of  the  hydrogen, 
and  produces  mono-,  di-,  and  trichloracetic 
acids.  Similarly,  bromine  produces  dibrom- 
acetic  acid.  On  the  addition  of  water  to  the 
glacial  acid  heat  is  evolved  and  the  density  in- 
creases until  20  p.c.  of  water  is  present ;  from 
this  strength  to  23  p.c.  of  water  the  density 
remains  stationary,  the  amount  of  water  corre- 
sponding to  a  monohydrate  C.HjO^,.H^O  ;  Koseoe, 
however,  doubts  its  existence.  Faythcr  dilutioia 
lowers  the  density,  so  that  either  dilution  or 
concentration  from  this  point  will  produce  an 
acid  of  diminished  density. 

An  acid  cortaining  only  43p.c.  of  acid  has  the 
same  density  as  the  glacial  acid.    This,  together 


with  the  slight  difference  between  the  density  of 
acetic  acid  and  water,  renders  it  impossible  lo 
determine,  with  any  prec'.sion,  the  percentage  of 
acid  by  means  of  the  hydrometer. 

Mohr  has  determined  the  densities  of  mix- 
tures of  varying  proportions  of  acetic  acid  and 
water,  and  the  percentages  of  the  13. P.  are  cal- 
culated on  his  results.  Oudemans  has  repeated 
the  determinations  at  the  same  temperature 
(15°C.),  with  dilferent  results.  According  to  him 
the  acid  used  by  Mohr  contained  5  p.c.  water ;  but, 
on  the  other  hand,  Allen  (An.  III.  2(18)  has 
pointed  out  inconsistencies  in  the  part  of  Oude- 
mans' table  referring  to  dilute  acids.  Oude- 
mans' table  is,  however,  generally  employed. 

The  following  table  shows  the  density  of 
aqueous  acetic  acid  at  15^  and  20° : — 


Density  of  Aqueous  Acetic  Acid  (Oudemans). 


P.O. 

Density 

p.c. 

Dc'-i 

sity 

p.c. 

Dcn.-ity 

15° 

20° 

15° 

20°  1 

16° 

20° 

0 

0.9092 

0-9983 

34 

1-0459 

1-0426 

G8 

1-0725 

1  0G79 

1 

1-0007 

0-9997 

35 

1-0470 

1-0437 

69 

1-C729 

1-06S3 

2 

1-0022 

1-0012 

,36 

1-0481 

1  0448 

70 

1-0733 

1-0()8I) 

8 

1-0037 

1-0026 

37 

1-0492 

1-0458 

71 

1-0737 

i-oi:s9 

4 

1-0052 

1-0041 

38 

1-0502 

1-04G8 

72 

1-0740 

1-0691 

6 

1-C0G7 

1-0055 

39 

1-0513 

1-0478 

73 

1-0742 

1-0693 

G 

1-0083 

1-0069 

40 

1-0523 

1-0488 

74 

1  0744 

1-0G95 

7 

1-0098 

1-0084 

41 

1-0533 

1-0498 

75 

1-0746 

1-0697 

8 

1-0113 

1-0098 

42 

1-0.543 

1-0507 

76 

1-0747 

1-0699 

9 

1-0127 

1-0112 

43 

1-0552 

1-0516 

i  77 

1-0748 

1-0700 

10 

1-0142 

1-0126 

44 

1-0562 

1-0525 

73 

1-0748 

1-0700 

11 

1-0157 

1-0140 

45 

1-0571 

1-0534 

79 

1-0748 

1-0700 

12 

1-0171 

1-0154 

46 

1-0580 

1-0543 

80 

1-0748 

1-0G99 

13 

1-0185 

1-01C8 

47 

l-or89 

1-0551 

81 

1-0747 

1-0698 

14 

1-0200 

1-0181 

48 

1-0598 

1-0559 

82 

1-G746 

1-0G96 

15 

1-0214 

1-0195 

49 

1-0G07 

1-0567 

83 

1-0744 

1-0694 

16 

1-0228 

1-0208 

50 

1-0G15 

1-0575 

84 

1-0742 

1-0691 

17 

1-0242 

1-0222 

51 

1-0G23 

1-0583 

85 

1  0739 

1-0G88 

18 

1-0256 

1-0235 

52 

1-0631 

1-0590 

8G 

1-0736 

1-0684 

19 

1-0270 

1-0248 

53 

1-0638 

1-0597 

87 

1  0731 

1-0679 

20 

1-0284 

1-02G1 

54 

1-0G4G 

1-0004 

88 

1-0726 

1-0G74 

21 

1-0298 

1-0:^74 

55 

1-0G53 

l-OGll 

89 

1-0720 

1-0668 

22 

1-0311 

1-0287 

C6 

1-0G60 

1-0G18 

90 

1-0713 

1-0660 

23 

1-0324 

1-0299 

57 

1-0GG6 

1-0G24 

91 

1-0705 

1-0652 

24 

1-0337 

1-0312 

58 

1-0G73 

1-0G30 

92 

1-0G96 

1-0643 

25 

1-0350 

1-0324 

59 

1-0G79 

1-0636 

93 

1-06S6 

1-0632 

2() 

1-0363 

1-033G 

GO 

10G85 

1  0642 

94 

1-0674 

1-0620 

27 

1-0375 

1-0348 

61 

l-0Li91 

1-0648 

95 

1-OGGO 

1-0606 

28 

1-0388 

1-03G0 

02 

1-0G97 

1-0653 

96 

1-0644 

1-0589 

29 

1-0400 

1-0372 

C3 

1-0702 

1-CG58 

97 

10G25 

1-0570 

30 

1-0412 

1-0383 

64 

1-0707 

1-0663 

98 

1-0604 

1-0549 

31 

1-0424 

1-0394 

65 

1-0712 

1-0667 

99 

1-0580 

1-0525 

32 

1-0436 

1-0405 

66 

1-0717 

1-0671 

100 

1-0553 

1-0497 

33 

1-0447 

1-041G 

67 

1-0721 

1-0675 

The  addition  of  a  small  quantity  of  water 
lowers  the  melting-point  of  the  glacial  acid  con- 
siderably, as  shown  by  the  annexed  table  (p.  7) 
(Hiidorll,  Ph.  [3J  II.  241). 

Acetic  acid  is  monobasic  but  forms  both  acid 
and  basic,  as  well  as  normal  salts.  It  dissolves 
ceitain  metallic  oxides,  as  those  of  lead  and 
copper,  forming  basic  acetates. 

It  has  a  pungent  sour  taste,  is  an  acrid  poison, 
and  when  strong  blisters  the  skin.  The  glacial 
acid  has  no  action  on  litmus,  but  on  addition  of 


water  becomes  powerfully  acid.  It  is  not  affected 
by  the  electric  current,  probably  because  a  bad 
conductor,  but  when  a  little  sulphuric  acid  is 
added  the  current  decomposes  it,  producing,  ac- 
cording to  Eenard  (A.  Ch.  [.5]  16,  289),  carbonic 
anhydride,  carbon  monoxide  and  oxygen.  Eenard 
a'so  found  formic  acid  in  the  remaining  solution. 
Alkaline  acetates  when  electrolysed  are  decom- 
posed into  hydrogen  and  alkaline  hydrate  which 
appear  at  the  negative  pole,  and  ethane  and 
carbon  dioxide  at  the  positive  pole. 
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So'  idifj  iug 
point 
-C 

Water  to 
lOil  parts 
real  acetic 
aciil 

Solidifying 
point 

°G 

Water  to 
lUU  parts 
real  acetic 
acid 

+  i(;-70 

00 

+  C-25 

8-0 

i(;(i5 

0-5 

5-30 

9-0 

14-80 

10 

4-30 

100 

li-OO 

1-5 

3-00 

110 

1.!'25 

2-0 

2-70 

12-0 

ll'J5 

30 

-0-20 

150 

10-.")0 

4-0 

-2-(10 

18-0 

9-40 

5-0 

-5-10 

21-0 

8-20 

G-0 

-7-40 

24-0 

7-10 

7-0 

Acetic  acid  mixes  ■with  alcohol  and  ether 
in  all  proportions.  It  dissolves  resins,  gelatin, 
fibrin,  albumen,  essential  oils,  etc.  Phosphoi'us 
and  sulphur  are  somewhat  soluble  in  the  warm 
acid.  Valenta  (D.  P.  J.  252,  29(3-297)  and  others 
have  used  it  on  account  of  this  solvent  power  in 
the  analysis  of  oils. 

Acetic  acid  is  largely  used  in  the  preparation 
of  tlie  acetates  of  copper,  aluminium,  iron,  lead, 
Ac,  as  pyroligncous  acid  in  calico  ])rinting ;  in 
the  prepa'/ation  of  varnishes  and  colouring 
matters  ;  in  the  laboratory  and  certain  industries 
for  the  solution  of  hydrocarljons  and  like  sub- 
stances ;  for  domestic  use  ;  in  photography  ;  and 
in  medicine  as  a  local  irritant  and  to  allay  fever, 
and  in  the  form  of  smelling  salts. 

Analysis. — Commercial  glacial  acid  should 
contain  at  least  97  p.c.  of  absolute  acid.  If  9 
volumes  oil  of  turpentine  be  agitated  with  1 
volume  of  acid,  no  turbidity  will  be  produced  if 
the  acid  contain  97  p.c.  or  upwards.  Acid  of 
l>9-5  p.c.  produces  no  turbidity  with  any  propor- 
tion of  tuipentine  (Bardy,  C.  N.  40,  78). 

A  very  delicate  test  for  the  presence  of  water 
is  to  mix  the  acid  with  an  equal  bulk  of  bisul- 
phide of  carbon  in  a  dry  tube,  and  warm  with 
the  hand  for  a  few  minutes  ;  in  presence  of  a 
trace  of  water  the  liquid  becomes  turbid. 

The  commercial  acid  is  liable  to  contain  sul- 
phuric acid,  sulphates,  sulphurous  acid,  hydro- 
chloric acid,  chlorides,  arsenic  (derived  from 
sulphuric  acid),  and  copper,  lead,  zinc,  and  tin 
derived  from  the  vessels  used  in  the  manu- 
facture. 

The  presence  of  sulphuric  acid  or  sulphates 
is  shown  by  the  production  of  a  white  precipi- 
tate with  Ijarium  chloride.  To  the  filtered  so- 
lution bromine  or  chlorine  water  is  added,  pro- 
ducing, if  sulphurous  acid  be  present,  a  further 
precipitate  of  barium  sulphate.  Hydrochloric 
acid  and  chlorides  are  detected  and  estimated 
with  silver  nitrate. 

In  testing  for  metals  a  considerable  bulk 
should  bo  evaporated  ;  if  much  organic  matter  be 
liresont,  the  liquid  should  be  evaporated  to  dry- 
ness and  ignited,  and  the  residue  dissolved  in 
hydrochloric  acid,  a  few  drops  of  hydrochloric 
acid  are  added,  and  a  current  of  sulphuretted 
hydrogen  gas  passed  through  the  liquid  ;  a  black 
or  brown  colouration  or  precipitate  indicates 
lead  or  copper.  Copper  may  also  be  detected  in 
the  evaporated  liquid  by  the  brown  precipitate 
])rodnccd  on  the  addition  of  fcrrccyanitle  of 
piitash,  and  estimated  by  electro-deposition. 


To  test  for  zinc,  the  solution,  after  the  pas- 
sage of  sulphiiretted  hydrogen,  is  liltered,  nearly 
neutralised  with  ammonia,  and  acetate  of  soda 
added,  when  zinc  will  be  precipitated  as  white 
sulphide.  For  arsenic  Reinscli's  test  may  be  used. 

Small  quantities  of  acetic  acid  may  be  recog- 
nised by  neutralising  with  caustic  potash,  adding 
arsenious  oxide,  evaporating  to  dryness,  and 
heating,  when  the  characteristic  odour  of  eaco- 
dyl  is  evolved. 

To  determine  the  free  acetic  acid  in  a  solu- 
tion it  is  usual  to  titrate  a  weighed  quantity  with 
a  solution  of  caustic  soda  standardised  witli  a 
solution  of  acetic  acid  of  known  strength,  or  of 
hydric  potassic  tartrate  (Stillwell  and  Gladding). 

As  indicator  litmus  may  be  used,  but  as  it  is 
rendei'ed  blue  by  the  normal  acetate  of  soda,  it 
is  preferable  to  use  phenol-plithalein,  to  which 
that  substance  is  neutral ;  tliis  is  also  more 
delicate,  and,  where  the  licjuid  is  coloured,  may 
be  considerably  diluted  without  impan-ing  the 
delicacy  of  the  reaction. 

To  estimate  small  percentages  of  water  in 
acetic  acid,  the  melting-point  may  be  determined 
and  the  percentage  found  by  the  table  before 
given. 

Acetates,  when  heated  alone,  usually  evolve 
acetone  ;  heated  with  sulphuric  or  phosplioric 
acid  they  evolve  acetic  acid;  heated  witli  arse- 
nious acid  cacodyl  is  produced. 

The  acetic  acid  in  acetates  may  be  deter- 
mined by  distilling  about  1  gram  (15  grains)  of 
the  salt  nearly  to  dryness  with  10  c.c.  of  a  40  p.c. 
solution  of  phosphoric  acid  (free  from  nit'  ic  and 
otlier  volatile  acids) ;  water  is  added  and  the 
distillation  repeated  to  remove  tlie  last  traces  of 
acetic  acid ;  the  distillates  are  mixed  and  titrated 
as  above  with  standard  alkali.  This  method  of 
distillation  may  also  be  used  for  highly  coloured 
solutions  of  acetic  acid  where  direct  titration  is 
inadmissible. 

Preparation  of  Vinegar. 

In  all  processes  forthe  manufacture  of  vinegar 
advantage  is  taken  of  the  oxidising  action  of  tlie 
vinegar  fungus  already  described  ;  the  souring  of 
wines  and  other  alcoliolic  liquids  is  due  to  tliis 
organism,  the  germs  of  which  are  always  present 
in  the  air  and  are  deposited,  and  grow  in  any 
suitable  medium. 

The  action  is  more  rapid  when  the  li(]uid  is 
rich  in  vegetable  matter  and  poor  in  alcohol, 
and  when  the  surface  exposed  to  the  air  is  large. 
The  percentage  of  alcohol  should  not,  however, 
be  too  low  ;  the  acetous  fermentation  proceeds 
but  slowly  in  a  liquid  containing  less  than  3  p.c. 
alcohol. 

V/ine  vinegar.  Fr.  Vinaign';  Gcr.  Wcinrr.sig. 
In  the  great  wine  dittrict  of  Orleans,  wines  which 
have  become  sour  are  generally  used  for  the 
prejiaration  of  vinegar.  For  this  purpose  full- 
bodied  wines  are  pieferred.  If  they  contain 
above  10  p.c.  alcoh  1  they  are  usually  diluted  or 
mixed  with  weaker  wines,  so  as  to  contain  about 
that  jjerccntage.  The  wine,  before  being  fer- 
mented, is  usually  left  for  some  time  in  contact 
with  beech  shavings,  on  which  the  lees  are  de- 
posited, rendering  the  wine  bii;;liter.  A  certain 
amount  of  extractive  matter  is,  however,  in  ecs- 
sary  for  the  proper  growth  of  the  plant,  and  if 
the  wine  bo  old  and  the  matter  deposited,  the 
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fermentation  is  much  retarded.  Wine  one  year 
old  is  preferred. 

The  '  Vinaigrerie  '  is  usually  a  building  of 
southern  aspect; "the  rooms  in  which  the  pro- 
cess is  conducted  are  low-roofed,  and  the  walls 
are  provided  with  openings  for  the  admission  of 
air,  which  can  be  closed  when  the  temperature 
is  not  sufficiently  high. 

A  number  of  casks  of  well-seasoned  oak, 
bound  with  iron  hoops,  each  holding  from  50  to 
100  gallons,  are  supported  on  their  sides  in  rows 
about  18  inches  from  the  floor,  one  set  being 
frequently  placed  above  another,  in  which  case 
those  nearest  the  roof  are  found  to  work  most 
rapidly.  Each  cask  is  bored  with  two  holes  in 
the  front  end,  a  larger  one,  the  'eye,'  for  the 
addition  of  wine  or  the  removal  of  vinegar,  and 
a  small  one  for  the  admission  of  air. 

When  first  used  the  casks  are  thoroughly 
scalded  with  boiling  water  to  remove  extractive 
iiiatter,  one-third  filled  with  boiling  strong  vine- 
gar, and  allowed  to  stand  for  eight  days ;  from  that 
time  wine  is  added  in  charges  of  about  10  pints 
every  eight  days  until  not  more  than  two-thirds 
full;  after  a  further  interval  of  11  days  a  por- 
tion of  the  wine,  varying  from  10  gallons  to  half 
the  total  bulk,  is  drawn  off  and  the  periodical 
addition  of  the  wine  continued.  The  tem- 
perature of  the  chambers  should  be  about 
25°C.  and  is  kept  up  when  necessary  with  a 
stove.  The  workman,  in  order  to  ascertain  if 
the  fermentation  is  completed  at  the  end  of  the 
usual  time,  plunges  a  white  spatula  into  the 
liquid  :  if  a  reddish  froth  adheres,  more  wine  is 
added  and  the  temperature  raised  ;  a  white  froth 
indicates  the  completion  of  the  process.  More 
than  eight  days  is  sometimes  required  to  com- 
plete the  oxidation,  in  which  case  stronger  wine 
and  a  higher  temperature  may  be  used.  The 
sluggishness  may,  however,  be  due  to  the  casks 
becoming  foul,  which  occurs  usually  after  about 
6  years'  working.  The  deposit  of  argol,  yeast 
sediment,  &c.,  is  thoroughly  removed,  the  casks 
cleansed  and  recharged  with  hot  vinegar  as  in 
the  case  of  new  casks.  Good  casks  will  often 
last  twenty-five  years. 

When  working  satisfactorily  each  cask  will 
produce  about  twice  its  capacity  of  vinegar  an- 
nually. 

Before  storing,  the  vinegar  is  usually  passed 
through  the  '  rapes  '  where  it  is  '  brightened  ' 
and  the  acetification  completed. 

In  other  parts  of  France  and  in  Holland  and 
on  the  Ehine  the  following  method  is  used. 
The  wine  is  placed  in  two  large  upright  tuns 
about  9  feet  high  and  4  feet  wide,  open  to  the 
air.  Each  tun  has  a  perforated  false  bottom 
about  12  inches  above  the  true  bottom;  on  this  is 
placed  a  quantity  of  vine  cuttings,  stalks,  etc.,  so 
as  to  expose  a  large  surface  for  the  formation  of 
the  fungus.  One  of  the  vats  is  half,  and  the  other 
completely,  filled.  The  acetification  progresses 
more  rapidly  in  the  former ;  th  is,  after  twenty-four 
hours,  is  filled  from  the  full  cask,  in  which  then  the 
action  increases.  This  alternate  transference  is 
continued  daily  until  the  acetification  is  com- 
plete. The  most  favourable  temperature  is  about 
2i°G.  The  vinegar  is  run  off  into  casks  con- 
taining chips  of  birch  wood  on  which  the  lees 
settle,  and  in  about  fourteen  days  being  thus 
clarified  is  stored  in  close  casks  for  the  market. 
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Malt  vinegar.  Malzgctrcide  Biercssig.  Ace- 
him  Britannkum. — This  is  prepared  from  an 
infusion  of  malt  which  has  first  been  fermented 
to  produce  alcohol.  Six  bushels  of  crushed  malt 
are  extracted  three  times  with  water,  in  a  circular 
mash  tun  supplied  with  a  central  stirrer,  the  first 
extraction  with  water  at  72°C.,  the  second  at  a 
higher  temperature,  and  the  third  with  boiling 
water.  The  extracts,  which  together  should  not 
exceed  100  gallons,  are  passed  into  a  large  cast- 
iron  tank  21  feet  by  8  feet,  cooled  by  refrigerators 
to  24°C.,  poured  into  a  large  circular  vessel, 
mixed  with  3  or  4  gallons  of  good  yeast  and 
fermented  briskly  for  about  forty  hours.  The 
extract  is  filtered,  and,  where  intended  for  the 
manufacture  of  the  best  keeping  vinegar,  is 
stored  in  casks  for  some  months,  whereby  the 
extractive  matters  which  would  induce  putrefac- 
tion are  deposited. 

This  '  wash  '  may  be  treated  by  the  '  quick 
vinegar  process '  or  acetified  in  large  casks 
lying  on  their  sides  in  a  room  at  a  tsmperature 
of  about  24°C.  The  bung-holes  of  the  casks 
are  open,  and  at  each  end  near  the  top  an  open- 
ing is  made  for  the  circulation  of  air.  When 
conducted  in  the  open  air  the  process  is  known 
as  '  fielding  ; '  from  eight  to  twenty  rows  of  casks 
constitute  a  vinegar  field.  The  operation  is  com- 
menced in  the  spring  and  completed  in  about 
three  months  in  the  warmer  mouths. 

The  fermenting  casks  are  frequently  worked 
in  pairs  ;  one  being  completely  and  the  other 
three  parts  filled,  acetification  progresses  more 
rapidly  in  the  latter ;  every  day  a  portion  is 
transferred  thereto  from  the  full  cask,  being  re- 
placed by  an  equal  amount  of  the  more  fer- 
mented liquid,  until  completed. 

Before  storing,  it  is  necessary  to  filter  the 
vinegar  from  the  extractive  matter.  The  filter- 
ing vessel  '  rape  '  or  '  fining  tun  '  is  a  large 
cask,  usually  wider  at  the  base  than  at  the  top, 
fitted  with  a  false  bottom,  above  which  it  is 
filled  with  spent  tanner's  wood,  wood  shavings, 
or,  which  is  far  preferable,  with  '  rapes,'  the 
pressed  cake  of  residue  from  the  British  wine 
manufacture,  consisting  of  the  stalks  and  skins 
of  grapes  and  raisins.  Through  this  the  vinegar 
is  pourei,  escaping  through  a  tap  beneath  the 
false  bottom  into  a  tank  from  which  it  ia  con- 
tinuously pumped  to  the  top  of  the  vessel  and 
again  passed  through  until  the  last  traces  of 
alcohol  have  been  oxidised  and  the  vinegar 
cleared  and  brightened.  In  this  way  pickling 
vinegar  is  produced. 

For  household  vinegar,  the  malt  is  acetified 
in  upright  casks  fitted  with  false  perforated 
bottoms  covered  with  a  layer  of  rapes ;  after 
twenty-four  hours  it  is  transferred  to  another 
similar  cask,  remaining  there  for  two  or  three 
days,  and  thence  to  a  third  and  fourth  ca;^k.  A 
portion  of  the  liquid  is  transferred  to  the  mothers 
and  the  remainder  allowed  to  ferment.  A  little 
argol  is  frequently  added  to  produce  a  flavour  of 
wine  vinegar  and  the  liquid  clarified  with  isin- 
glass. 

Vinegar  casks  are  made  in  three  sizes,  hold- 
ing 25,  50,  and  IIG  gallons. 

Quick  Vinegar  Process.  ScJmdIcssigberciliing. 

This  method,  which  is  applicable  to  any 
alcoholic  liquid,  is  founded  on  that  proposed  in 


ACETIC  ACID. 


9 


1720  by  Bocrhaave,  and  was  first  introduced  by 
Schut/.enbach  in  1828.  It  differs  from  tlie  other 
processes  in  causing  the  liquid  to  expose  a  very 
liuge  surface  to  the  action  of  the  air,  one 
gallon  being  sometimes  made  to  expose  a  surface 
of  100  square  yards. 

The  vat  is  usually  from  6  to  12  feet  high, 
and  from  3  to  4  feet  wide.  In  England  it  is 
frequently  as  much  as  13  feet  high,  11  feet 
wide  at  the  top,  and  15  feet  wide  at  the  base. 
At  a  distance  of  18  inches  from  the  bottom,  six  or 
more  air  holes  are  bored  1  inch  in  diameter,  in- 
clining downwards  towards  the  inside  ;  just 
above  these  a  false  perforated  bottom  is  fixed.  A 
quantity  of  beechwood  shavings  is  thoroughly 
washed  with  hot  water,  dried  and  placed  on  the 
false  bottom,  nearly  filling  the  vat.  The  shav- 
ings may  be  substituted  with  advantage  by 
pieces  of  charcoal  about  the  size  of  a  walnut 
from  which  the  .saline  particles  have  been  re- 
moved by  acid  and  subsequent  washing.  The 
iicetifying  action  is  assisted  by  the  power  of 
absorbing  oxygen  possessed  by  the  charcoal. 

Near  the  top  of  the  tun  is  fixed  a  wooden 
disc  perforated  bj  holes  as  large  as  a  quill,  about 
1  inch  apart ;  through  these,  twists  of  cotton 
yarn  or  string  are  passed,  of  sufficient  length  to 
touch  the  shavings  :  they  are  tied  into  knots  at 
the  upper  end  to  prevent  them  from  sliijping 
through.  There  are  also  five  or  six  larger  holes 
through  which  pass  glass  draught  tubes  project- 
ing on  either  side  of  the  disc,  1  to  2  j-  inches 
wide  and  4  to  G  inches  long,  firmly  fastened  so 
that  no  liquid  can  pass  round  them  through  the 
liolos. 

Aliout  1  inch  from  the  true  bottom  is  fixed  a 
bent  tube  attached  to  a  tap  through  which  the 
vinegar  is  drawn  as  soon  as  it  rises  to  a  height 
of  about  15  inches.  Tlie  vessel  is  closed  with 
a  tiglitly -fitting  lid  through  which  a  circular 
op-Miing  is  cut  for  the  admission  of  liquid  and 
for  the  escape  of  air. 

Before  commencing  the  fermentation  it  is 
necessary  to  '  sour  '  the  shavings  ;  for  this  pur- 
pose hot  vinegar  is  poured  in  from  the  top  and 
allowed  to  soak  for  at  least  twenty-four  hours. 

The  composition  of  the  fluid  used  varies  con- 
siderably :  any  alcoholic  li<juid  may  be  used,  but 
the  presence  of  a  trace  of  tarry  matter,  such  as 
pyroligneous  acid,  prevents  the  action.  Accord- 
ing to  Wagner  (Chem.  Technology)  the  following 
mixture  is  generally  used  :  — 4.;  gals.  (20  litres), 
brandy  of  30°  Tralles  (42  5  p.c.  by  weight),  9  gals, 
vinegar  and  27  gals,  water,  to  which  is  added  a 
mixture  of  bran  and  rye  to  promote  the  growth 
of  the  vinegar  fungus. 

Another  standard  liquor  is  50  gals,  brandy 
or  whisky  52  p.c.  by  weight,  37  gals,  beer  or  malt 
wort  with  about  j^jf^  part  of  ferment ;  this  is 
mixed  with  3  to  4  volumes  of  soft  water  before 
passing  through  the  tuns.  Molasses  or  honey  in 
the  i)roportiou  of  2  lbs.  to  50  gals,  is  sometimes 
added,  to  produce  a  more  finely  coloured  vinegar. 

For  '  wine  malt '  40  lbs.  wheat-meal  and  80 
lbs.  barley-meal  are  ground,  and  mixed  together 
with  40  gals,  warm  water  (50^C.)  ;  after  set- 
tling, the  clear  liquid  is  drawn  off,  the  residues 
are  treated  with  hotter  water  (70''C.),  settled, 
the  li(iuid  removed  and  the  residue  again  treated, 
this  time  with  boiling  or  nearly  boiling  water,  in 
such  (puuitity  that  the  total  washings  amount  to 


about  100  gals.  The  solution  is  cooled,  mixed 
with  15  lbs.  yeast,  and  allowed  to  ferment  at 
27 'C.  for  five  or  six  days ;  it  is  then  known  as 
the  '  gyle.'  The  temperature  of  the  chamber 
being  about  38°C.  the  liquid  which,  where  the 
'  generator  '  or  '  graduator  '  is  new,  is  heated  to 
50°C.,  or,  where  in  use  for  some  time  and  thus 
in  good  condition,  to  25 'C,  is  poured  over  the 
upper  disc  and  trickles  slowly  down  the  twisted 
threads,  which  swell  and  prevent  too  rapid 
passage.  As  the  liquid  flows  over  the  shavings 
it  becomes  oxidised,  the  action  being  more  rapid 
when,  after  some  time  in  use,  the  shavings  have 
become  coated  with  the  'mother  of  vinegar.' 
When  the  action  is  satisfactory  the  temperature 
of  the  interior  rises  on  account  of  the  oxidation 
to  37°C.  and  creates  a  constant  upward  currei,t 
of  air  which  passes  from  the  openings  below  the 
false  bottom,  round  the  shavings  and  through 
the  tubes  in  the  upper  disc. 

When  the  liquid  contains  no  more  than  4  p  c. 
alcohol,  the  vinegar  which  collects  is  entirely 
acetified,  but  where  a  stronger  liquid  is  used  it 
may  be  necessary  to  pass  it  three  or  four  times 
through  the  graduator.  When  a  strong  vinegar 
is  required,  that  produced  from  one  of  the  above- 
mentioned  liquids  is  mixed  with  a  more  alcoholic 
liquid,  and  again  passed  through,  and  this  may 
be  repeated  until  1  oz.  of  the  liquid  will  neutral- 
ise sixty  grains  pure  dry  potassium  carbonate, 
corresponding  to  about  12  p.c.  acetic  acid  by 
weight.  Each  graduator  will  contain  about  80 
gals,  of  liquid  and  will  produce  daily  15  gals,  of 
good  vinegar.  One  workman  usually  attends  to 
10  tuns. 

By  this  process,  on  account  of  the  large 
surface  exposed,  a  considerable  loss  of  alcohol, 
and  hence  of  acetic  acid,  is  unavoidable,  amount- 
ing when  properly  carried  out  to  about  6  p.c.  of 
the  whole ;  but  if  the  temperature  has  been 
allowed  to  rise  too  high,  the  loss  is  greatly  in- 
creased. At  the  same  time  sufficient  air  must 
be  introduced  to  convert  the  alcohol  directly 
into  acetic  acid,  or  the  loss  will  be  further  in- 
creased by  the  formation  of  the  volatile  aldehyde. 

By  some  makers  the  vapours  from  the  tuns 
are  jiassed  over  or  through  water  to  absorb  the 
alcohol  and  aldehyde.  For  this  purpose  two 
floating  gasometers  are  sometimes  used  :  one 
rises  and  removes  the  air  which  has  performed 
its  work,  while  the  other  falls,  keeping  up  a  con- 
stant current  of  air  through  the  generator.  As 
each  gas-holder  falls  it  discharges  the  air 
through  a  cistern  of  water,  which  absorbs  the 
volatile  pi'oducts  and  is  used  for  the  preparation 
of  a  further  quantity  of  malt  extract. 

About  one-third  of  the  total  extractive  matter 
in  the  malt  is  lost  or  dissipated  in  the  fermenta- 
tion and  acetitication  (Ure). 

In  Singer's  generator  {v.  C.  T.  ISCS,  580), 
a  number  of  vessels  are  placed  one  above  another 
in  a  shed  in  which  a  suitable  temperature  is 
maintained  and  from  which  draughts  are  ex- 
cluded. The  vessels  are  connected  together  by 
wooden  tubes  provided  with  longitudinal  slits 
through  which  air  can  pass.  The  liquid  slowly 
drops  through  the  tubes  from  one  vessel  to 
another,  and  exposing  a  largo  surf.ic:  to  the  air 
becomes  acetified.  It  is  stated  that  the  loss  of 
alcohol  usually  e.<perienced  is  avoided  in  this 
process.    In  many  vinegar  works  the  larv;e  of 
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the  '  vinbgar  fly '  [BrosopUila  cellaris)  and '  vine- 
gar eels'  (Aiuj uillida  accti)  abound. 

Vinegar  is  found  to  be  very  liable  to  decom- 
position when  exposed  to  motion  or  vibration, 
probably  on  account  of  the  lees  becoming  mixed 
with  the  liquid. 

In  addition  to  wine  and  malt,  vinegar  is  pre- 
pared from  many  other  substances.  Cider 
vinegar  is  of  a  yellowis-h  colour,  sp.gr.  1-013  to 
1  015.  It  contains  '6\  to  6  p.c.  acetic  acid,  and 
on  evaporation  leaves  a  mucilaginous  residue, 
smelling  and  tastuig  of  baked  apples,  and  con- 
taining malic  acid,  but  not  tartaric  acid.  The 
residue  varies  from  15  to  I'S  p.c.  Perry  and 
crab  apple  vinegars  are  used  in  Wales  and 
Monmouthshire,  and  possess  characteristic  pro- 
perties. 

Ale  vinegar  is  prepared  from  strong  sour 
pale  ale.  It  usually  gives  a  large  residue  (5  to  C 
p.c),  andis  very  liable  to  putrefaction.  Crystal 
vinegar  is  ordinary  vinegar  decolourised  by  fil- 
tration through  animal  charcoal.  A  household 
vinegar  is  prepared  in  Germany  from  7^  gals, 
soft  water,  2  lbs.  honey  or  brown  sugar,  1  gal. 
whiskey  or  corn  spirit,  2  ozs.  cream  of  tartar. 

Glucose  or  Sugar  vinegar  is  prepared 
by  the  conversion  of  amylaceous  substances  into 
sugar,  by  the  action  of  dilute  acids,  followed  by 
fermentation  and  acetification.  It  is  stated  to 
be  used  for  adulterating  wine  vinegar.  It  can 
Lc  distinguished  from  other  vinegars  by  the 
addition  of  3  or  4  volumes  strong  alcohol,  which 
produces  a  slimy  precipitate  of  dextrin.  Barium 
chloride  usually  gives  a  copious  precipitate,  due 
to  the  sulphuric  acid  used  in  the  manufacture  of 
the  glucose. 

An  artificial  vinegar  is  made  by  mixing 
acetic  acid  with  water  and  adding  burnt  sugar 
(caramel)  and  acetic  ether  to  produce  the  proper 
colour,  odour,  and  taste.  This  vinegar  differs 
from  genuine  kinds  by  the  absence  in  the  evapo- 
rated residue  of  phosphoric,  tartaric,  or  malic 
acid. 

Properties. — Malt  vinegar  is  a  brown  liquid 
cf  pleasant  refreshing  odour.  The  odour  is  due 
to  the  presence,  in  addition  to  the  acetic  acid,  of 
acetic  and  other  ethers.  Acetic  ether  is  fre- 
quently added  in  small  quantity  to  increase  this 
aroma. 

The  vinegar  of  the  B.P.  has  a  sp.gr.  of  1-017 
to  1-019.  In  commerce  it  usually  occurs  in  four 
strengths,  numbered  18,  20,  22,  and  24.  The 
last  is  '  proof '  vinegar,  it  contains  6  p.c.  acetic 
acid,  and  its  sp.gr.  is  1-019.  The  numbers  de- 
pend on  the  fact  that  one  fluid  ounce  of  the 
liquid  will  neutralise  18,  20,  £2,  and  24  grains 
respectively  of  pure  dry  sodium  carbonate.  The 
real  weight  of  acetic  acid  in  one  ounce  of  liquid 
may  be  found  by  multiplying  its  number  by 
1-132,  and  the  percentage  by  weight  by  multi- 
plying the  number  by  0-2,';9.  Thus  No.  24  should 
contain  G-22  p.c.  of  absolute  acetic  acid. 

The  addition  of  1  part  sulphuric  acid  to 
1,000  parts  vinegar  is  lawful,  and  is  generally 
made,  though  the  idea  that  its  presence  prevents 
putrefaction  has  been  shown  to  be  erroneous. 

Malt  vinegar  usually  contains  alcohol,  gum, 
sugar,  and  extractive  matter,  acetates,  chlorides, 
free  and  combined  sulphuric  acid,  and  on  evapo- 
ration and  ignition  leaves  a  residue  containing 
much  phosphate. 


Wine  vinegar  varies  in  colour  from  pale 
yellow  to  red ;  that  made  from  white  wine  is 
most  esteemed ;  it  usually  has  an  alcoholic 
odour.  Its  sp.gr.  is  1014  to  1-022;  it  contains 
from  6  to  12  p.c.  acetic  acid.  A  litre  (1-76 
pints)  of  Orleans  vinegar  usually  saturates  6  or 

7  grams  (92  to  108  grains)  of  pure  dry  sodium 
carbonate.  On  evaporation  the  total  extract 
varies  from  1-7  to  2-4  p.c,  of  which  0-25  p.c  is 
usually  potassium  tartrate,  a  salt  peculiar  to 
wine  vinegar.  The  residue,  with  the  exception 
of  the  tartar,  should  dissolve  in  alcohol. 

The  proof-vinegars  of  various  countries  differ 
considerably ;  the  minimum  of  acetic  acid  al- 
lowed by  the  various  Pharmacopoeias  is— France, 

8  to  9  p.c. ;  England,  Germany,  and  Austria, 
C  p.c.  ;  Belgium,  5-G  p.c. ;  Kussia,  5  p.c. ;  United 
States,  4-0  p.c  Thus,  genuine  vinegar  seldom 
falls  below  5  p.c,  and  should  be  condenmed  as 
adulterated  with  water  when  the  amount  is  as 
low  as  3  p.c. 

The  German  Pharmacopctia  allows  an  ex- 
tract of  1-5  p.c,  but  it  has  been  proposed  by  the 
German  Pharmaceutical  Commission  to  reduce 
this  to  0-5  p.c.  (Ar.  Ph.  23,  4CG). 

Analysis  of  Vinegar. 

The  adulterants  to  be  looked  for  in  vinegar 
are  mineral  acids,  especially  sulphuric  acid, 
more  rarely  hydrochloric,  and  still  more  rarely 
nitric  acid,  tartaric  acid,  and  pyroligneous  acid ; 
flavouring  agents,  cayenne,  ginger,  &c;  impuri- 
ties— usually  derived  from  the  vessels  used — 
copper,  lead,  zinc,  tin,  arsenic  (from  sulphuric 
acid). 

The  presence  of  free  mineral  acids  may  be 
demonstrated  by  the  addition  of  Paris  violet 
(methylaniline  violet).  Prepare  a  solution  of 
this  dye  by  dissolving  1  jjart  in  1,000  parts 
water,  and  add  two  or  three  drops  of  the  solu- 
tion to  about  one  ounce  of  the  vinegar.  In 
presence  of  1  p.c  free  mineral  acid  the  colour  is 
green,  with  0-5  p.c.  bluish-green,  and  with  0-2 
p.c.  blue  (Hiiger,  Ar.  Ph.  1876,  193). 

If  mineral  acids  are  added  to  vinegar  in 
small  quantity  they  liberate  an  equivalent  quan- 
tity of  acetic  acid  from  the  acetates,  until  the 
acetates  are  wholly  decomposed,  and  form  salts 
with  the  base,  thus  ceasing  to  exist  as  free 
acids.  As  acetates  on  ignition  produce  carbon- 
ates, the  presence  of  an  alkaline  reaction  in  the 
ash  indicates  the  presence  of  acetates  in  the 
vinegar,  and  therefore  the  absence  of  free  mineral 
acids,  though  these  may  have  been  added  in 
small  quantities  in  the  first  instance.  If,  how- 
ever, the  ash  be  neutral  the  presence  of  mineral 
acids  is  indicated.  Hydrochloric  acid  may  be 
tested  for  by  adding  silver  nitrate  to  the  dis- 
tillate from  the  vinegar. 

Heavy  metals  maybe  considered  absent  if  no 
darkening  is  produced  on  passing  sulphuretted 
hydrogen  for  some  time  through  the  solution. 
To  determine  the  acetic  acid  in  vinegar  110  cc 
may  be  distilled  until  100  cc  have  passed  over. 
The  100  cc  will  contain  four-fifths  of  the  total 
acid,  and  may  be  titrated  with  standard  alkali 
and  phenol  phthale'in,  making  an  allowance  for 
the  one-fifth  left  in  the  retort. 

Cayenne  pepper,  ginger,  and  other  flavouring 
matters  may  be  discovered  by  neutralising  the 
vinegar  and  tasting. 
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Chevallicr  has  fouiiil  fuclisinc  in  French 
whie  vinegars. 

Metallic  Acetates. 
Aluminium  acetates. 

The  triacetate  or  normal  acetate  A1_(C_II,0_.)5 
is  not  known.  A  solution  corresponding  to  this 
compound,  but  which  appears  to  be  a  mixture  of 
the  diacetate  and  acetic  acid,  is  the  only  acetate 
of  commercial  importance.  It  is  linown  as  '  red 
liquor  '  or  '  mordant  rouge,'  and  is  prepared  by 
several  methods. 

A  solution  of  alum  is  added  to  acetate  of 
lime  liquor.  The  lime  is  precipitated  as  sul- 
phate, its  place  being  taken  by  the  aluminium 
forming  aluminium  acetate ;  sulphate  of  am- 
monia or  potash  (according  to  whether  ammonia 
or  potash  alum  has  been  used)  is  produced 
at  the  same  time.  The  mixture  is  agitated 
and  allowed  to  settle,  and  a  small  quantity  of 
the  clear  Huid  removed  and  tested  by  the  addi- 
tion of  alum  ;  if  a  precipitate  forms  sullicient 
alum  has  not  been  used  and  more  must  be 
added.  The  solution  is  filtered  and  concentrated 
to  a  specific  gravity  of  1-087  to  I'lO  and  allowed 
to  deposit  the  small  excess  of  sulphate  of  lime, 
which  is  still  present.  Sulphate  of  lime,  being 
slightly  soluble  in  water,  is  contained  in  the 
liquid  in  small  quantity,  and  as  the  colours  pro- 
duced are  diminishcil  in  brilliancy  by  the  pre- 
sence of  this  substance,  its  value  is  much  reduced. 
By  the  substitution  of  lead  acetate  for  the  cal- 
cium acetate  a  much  Ihier  product  is  obtained. 
For  this  purpose  100  lbs.  alum  is  dissolved  in 
50  gallons  water,  and  treated  witli  100  lbs.  finely 
powdered  lead  acetate  with  constant  stirring  ;  or, 
using  the  same  quantities,  10  lbs.  crystallised 
carbonate  of  soda  is  added  before  the  acetate  of 
lead  ;  or,  to  100  lbs.  alum  in  50  gallons  water 
G  lbs.  of  carbonate  are  added  in  small  portions 
followed  by  .50  lbs.  of  lead  acetate.  The  addition 
of  the  carbonate  is  made  with  a  view  to  the  pro- 
duction of  a  basic  sulphate  of  alumina  as  well 
rs  the  acetate,  and  as  the  sulphate  assists 
the  mordanting,  less  acetate  is  requ'red.  The 
Folutions  are  allowed  to  settle  and  decant3d. 
They  contain  the  aluminium  acetate  mixed  with 
basic  aluminium  sulphate  and  alkaline  su'phate. 

An  aluminium  sulplio-acetate  appears  to  act 
satisfactorily.  It  is  prepared  by  mixing  (1) 
45H  lbs.  ammonia  alum  (or  383  lbs.  aluminium 
sulphate),  379  lbs.  lead  acetate,  1,132  lbs.  water; 
or  (2)  403  lbs.  alum  (or  333  lbs.  aluminium  sul- 
phate) and  1.58  lbs.  acetate  of  lime.  The  mix- 
ture is  agitated,  settled,  and  the  clear  liquid 
decanted. 

I!y  the  use  of  aluminium  sulphate,  red  liquor 
of  the  same  density  contains  much  more  of  the 
.active  alumina  than  that  prepared  with  alum. 
Thus  in  a  sample  of  the  former  1  gallon  con- 
tained 4  oz.  416  gr.  alumina,  while  the  average 
amount  found  in  three  samples  prepared  from 
alum  was  3  oz.  24.5  gr.  The  addition  of  a 
little  ammonia  or  other  alkali  to  the  red  liquor 
[irepared  from  aluminium  sulphate  is  advan- 
tageous for  certain  colours.  lied  liquor  usually 
contains  from  3  to  5  p.c  alumina  (A1,0,)  and  (j 
to  10  p.c.  acetic  acid ;  its  density  varies  from 
1-085  to  1-120. 

It  is  largely  used  in  dyeing  and  calico-print- 
ing, especially  for  the  production  of  red  colours, 
madder  reds  and  pinks  (whence  its  name  of  red 


liquor)  ;  for  the  production  of  dense  lakes,  and 
for  waterproofing  woollen  fabrics. 

One-fourth  of  the  total  quantity  of  alum  used 
in  England  is  employed  in  the  preparation  of 
'  red  liquor.' 

Ammonium  acetate  C.HjO.NH,. 

The  crystalline  salt  is  usually  prepared  by 
saturating  glacial  acetic  acid  with  dry  ammonia 
gas.  In  solution  it  may  be  prepared  more 
cheaply  by  neutralising  acetic  acid  solutioji 
with  ammonia.  On  evaporation,  a  solution  of 
the  salt  loses  ammonia,  and  leaves  the  acid 
acetate  or  diacetate. 

Ordinary  solid  ammoniuni  acetate  always 
has  an  odour  of  acetic  acid  ;  it  is  very  soluble  in 
water  and  alcohol. 

Pure  ammonium  acetate  should  be  entirely 
volatilised  on  heating.  The  commercial  salt  is 
liable  to  contain  the  same  impurities  as  sodium 
acetate. 

Calcium  acetate.  Diacetate  of  lime.  Pyro- 
lignitc  of  lime.  Ca(C,,H,U,),,. 

This  important  salt  is  prepared  by  tlic  neu- 
tralisation of  acetic  acid  or  pyroligneous  acid, 
with  lime  or  chalk. 

In  the  preparation  from  pyroligneous  acid, 
the  crude  acid  may  be  used,  in  which  case  the 
acetate  of  lime  is  kno->vn  as  brown  acetate,  or  the 
distilled  liquor  may  be  employed  producing  (jrcij 
acetate.  The  acid  is  placed  in  large  woo(len  or 
iron  pans,  and  powdered  chalk  or  lime  added  in 
slight  excess  ;  the  liquor  remains  at  rest  at  a 
warm  temperature  until  settled,  and  is  then 
syphoned  off  into  the  evaporating  pans.  It  is 
usually  evaporated  by  coils  of  pipe  through 
which  steam  passes,  in  this  case  the  vessels  are 
usually  wooden,  and  lined  with  lead,  but  some- 
times iron  pans  are  used,  the  evaporation  being 
conducted  over  a  fire.  As  the  li(iuid  evaporates, 
tarry  impurities  rise  to  the  surface,  and  are  re- 
moved with  a  skimmer.  As  the  acetate  forms, 
it  is  removed  and  drained  in  wicker  baskets 
suspended  over  the  pans. 

The  proper  drying  of  the  salt  is  an  important 
element  in  the  formation  of  a  good  product.  In 
large  works  a  drying  house  is  used,  wdiicli  is 
usually  a  wind  furnace  7  or  8  feet  long,  4,  feet 
broad.  It  is  iirst  heated  from  75°C.  to  115'^,  and 
the  tire  slackened,  the  salt  is  then  spread  over  the 
bottom  to  the  depth  of  about  2  inches,  and  when 
somewhat  dry  an  equal  quantity  is  spread  above 
it,  the  salt  is  repeatedly  turned,  and  the  heat 
continued  for  about  24  hours.  When  apparently 
dry,  the  heat  is  increased  to  about  125"C.  and 
the  last  traces  of  moisture  driven  off.  Care 
must  be  taken  that  the  heat  is  not  loo  high,  or 
the  salt  becomes  decomposed.  As  in  the  case  of 
sodium  acetate,  no  sparks  must  touch  the  mass, 
or  it  may  burn  away  like  tinder. 

The  mass  thus  produced,  when  prepared 
from  the  brown  liquor,  is  dark,  containing  char- 
coal and  decomposed  tarry  matters  ;  it  may  be 
dissolved  in  3  parts  hot  water,  filtered  through 
animal  charcoal,  and  again  evaporated  and 
crystallised  yielding  a  nearly  colourless  product. 

I'ure  calcium  acetate  crystallises  in  silky 
needles  or  prisms  containing  two  molecules  of 
water.  At  the  ordinary  temperature  tlie  crystals 
ellloresce  partially,  and  at  lOO'-C.  they  become 
anhydrous,  forming  a  white  po>vdcr  of  saline 
taste,  very  soluble  in  water. 
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Calcium  acetate  is  used  in  the  preparation  of 
other  acetates,  and  of  acetic  acid,  and  in  cahco 
printing.  The  pure  salt  is  completely  soluble  in 
water  and  proof  spirit.  The  commercial  article 
usually  contains  62  to  67  p.c.  of  real  acetate, 
and  1  to  8  p.c.  of  matters  insoluble  in  water. 
The  impurities  are  hydrate,  carbonate  and  sul- 
phate of  lime  and  tarry  matters;  formate  and 
other  salts  of  lime  with  fatty  acids  also  occur. 

Many  methods  of  assay  for  this  substance 
are  in  use,  varying  considerably  in  accuracy. 
Allen  has  tested  them  by  assaying  by  each  the 
same  sample  of  acetate,  and  his  results  vary  in 
the  extreme  cases  by  as  much  as  10  p.c.  (Com- 
mercial Organic  Analysis,  i.  399). 

The  mcst  trustworthy  method  is  to  distil 
with  pure  phosphoric  acid  and  titrate  the  distil- 
late as  already  described  under  acetic  acid.  {See 
Stillwell  and  Gladding,  The  Manufacture  and 
Analysis  of  Calcium  Acetate,  A.  Ch.  1884, 
91-1&7.) 

Calcium  aceto-chloride  CaCjH,0  ,C1.5Hp  has 
already  been  described  as  used  in  Condy's  pro- 
cess for  the  preparation  of  pure  acetic  acid. 

Copper  acetates. 

The  normal  acetate  of  copper  is  prepared  by 
dissolving  cupric  oxide  or  verdigris  in  acetic  acid, 
or  by  the  action  of  copper  sulphate  on  the  ace- 
tates of  lead,  calcium,  or  barium. 

It  crystallises  in  prisms,  soluble  in  13  jiarts 
cold  and  5  parts  hot  water,  and  in  14  parts  al- 
cohol. In  commerce  it  usually  occurs  in  bunches 
of  deep-green  coloured  non-transparent  crystals 
known  as  '  grappes.' 

Acetate  of  copper  is  used  in  the  manufacture 
of  pigments ;  as  an  oxidising  agent  in  the  indigo 
bath;  and,  to  a  slight  extent,  for  the  preparation 
of  acetic  acid. 

Basic  copper  acetate.  Verdigris.  Vert-de-gris. 
Vert  de  Montpclicr,  Grilnspan. 

This  substance  consists  of  a  mixture  of 
mono-,  di-,  and  tri-basie  acetates  of  copper,  which 
are  present  in  different  proportions  in  different 
varieties  of  verdigris. 

At  Grenoble  and  Montpelier  the  following 
process  is  used  :  The  '  marcs  '  or  residues  from 
the  wine  factories,  consisting  of  the  skins  and 
stems  of  grapes,  which  were  formerly  thrown 
away,  are  loosely  placed  in  earthen  vessels,  about 
16  feet  high,  14  feet  in  diameter  at  the  widest 
part,  and  12  feet  at  the  mouth,  covered  and 
allowed  to  ferment,  until  a  piece  of  clear  copper 
(previously  moistened  with  verdigris  and  dried), 
on  insertion,  becomes  uniformly  coated  with 
green  in  24  hours.  The  fermentation  should  not 
proceed  too  far,  or  putrefaction  is  liable  to  begin. 

Tiie  copper  used  is  in  sheets  inch  thick,  4 
to  6  inches  long,  and  3  to  4  broad,  each  weighing 
about  4  oz.,  they  are  freed  from  scales,  if  neces- 
sary, rubbed  with  a  solution  of  verdigris  and 
dried ;  unless  this  precaution  be  adopted,  the 
first  coating  produced  by  the  marcs  will  be 
black  instead  of  green.  They  are  heated  over  a 
charcoal  fire  until  as  hot  as  the  hand  can 
bear,  and  placed  in  an  earthenware  vessel 
in  layers  with  the  marcs,  the  top  and  bottom 
layers  being  composed  of  the  latter  material. 
30  to  40  lbs.  of  copper  are  used  for  each  vessel. 
In  from  ten  to  twenty  days,  according  to  the 
temperature,  the  covers  arc  removed,  when,  if 
the  process  has  progressed  favourably,  the  marcs 


will  be  whitish  and  the  copper  covered  with  fine, 
glossy,  green  crystals.  The  plates  are  then  re- 
moved and  placed  on  end  one  against  another. 
After  two  or  three  days  they  are  moistened  by 
immersion  in  water  or  damaged  wine,  and  again 
erected  for  about  a  week.  This  alternate  mois- 
tening and  exposure  to  the  air  is  continued  at 
the  same  interval  for  about  six  or  eight  weeks. 
The  plates  have  then  become  covered  with  in- 
creasing coatings  of  the  verdigris,  which  is  de- 
tached and  the  plates  again  used  until  entirely 
eaten  away.  The  verdigris  is  kneaded  with  a 
little  water  into  leather  bags,  pressed  into  rect- 
angular cakes  and  dried. 

This  substance  is  knowm  as  blue  verdigris, 
and  consists  principally  of  the  basic  acetate 

(C,H,0,),,Cu,0. 
It  should  be  dry,  of  a  fine  bluish  colour,  and 
soluble  in  dilute  acids  and  ammonia. 

Green  verdigris  contains  as  a  principal 
constituent  the  basic  acetate2(C^,H30JXu^O,  and 
is  prepared  by  placing  the  copper  plates  alter- 
nately with  cloths  moistened  every  two  or  three 
days  with  j^yroligneous  acid  or  acetic  acid  until 
the  plates  show  green  crystals.  The  plates  are 
arranged  so  as  to  allow  free  access  of  air  and 
occasionally  moistened,  for  five  or  six  weeks. 
Large  quantities  of  verdigris  are  manufactured  in 
England  by  this  process  from  ijyroligneous  acid. 
The  imports  of  verdigris  are  very  small. 

The  various  forms  of  verdigris  are  used  as 
oil  and  water  colours.  With  white  lead  it  is 
used  in  Russia  and  Holland  as  an  oil  paint, 
which  by  double  decomposition  produces  a 
peculiar  green.  The  paint  is  considered  a  good 
preservative.  Verdigris  is  used  in  dyeing  and 
calico-printing,  and  for  the  preparation  of 
Schweinfurth  green  and  other  copper  paints. 

Verdigris  is  frequently  adulterated  with  chalk, 
sand,  clay,  pumice,  and  sulphates  of  copper, 
barium,  and  calcium.  When  brass  sheets  have 
been  used  in  the  prejjaration  instead  of  copper, 
zinc  will  also  be  present. 

When  warmed  with  dilute  hydrochloric  acid 
the  sand,  clay,  baryta,  &c.,  will  remain  undis- 
solved, and  may  be  weighed.  The  total  residue 
in  a  good  sample  will  usually  amount  to  3  p.c, 
but  should  not  exceed  6  p.c. 

Aceto-arsenite  of  copper.  Schweinfurth 
green  [v.  Arsenic). 

Ferric  acetate  Feo(C  SsOJ^. 

This  salt  is  prepared  by  the  addition  of  cal- 
cium or  lead  acetate  to  ferric  sulphate  or  iron 
alum,  avoiding  excess  of  the  acetate.  It  is  used 
as  a  mordant,  its  action  corresponding  to  that, 
of  aluminium  acetate.  An  alcoholic  solution  is 
used  in  medicine. 

For  many  purposes  a  mixture  of  ferrous  and 
ferric  acetates  is  preferred.  It  is  prepared  by 
repeatedly  pouring  pyroligneous  acid  on  ii'on 
turnings  until  saturated  w  th  iron.  The  liquid 
is  known  as  'pyrolignite  of  iron,'  'bouillon  noir,' 
'liqueur  de  ferraille.' 

Ferrous  acetate  Pe(C  JI,0.,).„  Pyrolignite 
of  iron  ;  iron  liquor  or  black  liquor.  Is  pre- 
pared on  the  large  scale  by  the  action  of  crude 
pyroligneous  acid  of  sp.gr.  1"035  to  1'040  on 
iron  turnings,  nails,  etc.,  at  a  temperature  of 
85°C.  The  solution  is  frequently  agitated  and 
the  tarry  matters  skimmed  from  the  surface  as 
they  rise. 
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It  is  found  thnt  the  puvificil  acid  produces  a 
loss  satisfactory  liquor,  a  fact  due,  according  to 
Moyret  (J.  S.  D.  C.  i.  117),  to  tlie  presence  of  a 
sniall  quantity  of  pyrocatecliol  in  tlie  crude  acid, 
wliicli  forms  a  compound  with  tlie  ferrosoferric 
oxide  in  the  solution,  and  causes  its  intense 
colour  and  keeinng  properties. 

The  liquid  is  intensely  black,  of  sp.gr.  1-085 
to  I'OlO,  and  is  evaporated  until  its  density  ri.ses 
to  1-120,  or  sometimes  tol'l-lO.  It  is  then  ready 
for  use,  and  is  known  as  '  printer's  iron  liquor.' 
When  of  density  1-120  the  liquor  contains  about 
10  p.c.  iron. 

The  liquor  used  by  dyers  is  often  concen- 
trated, not  by  evaporation  but  by  the  addition  of 
copperas  (ferrous  sulphate) ;  thus,  the  addition 
to  1  gallon  of  black  li(iuor,  sp.gr.  1-085,  of  ^  lb. 
copperas  would  raise  its  density  to  1-111.  Over 
1  lb.  of  copperas  has  been  found  in  1  gallon  of 
iron  liquor.    Tannin  also  is  sometimes  a. Ido  l. 

Black  liquor  is  also  prepared  by  the  action  of 
ferrous  sulphate  on  acetate  of  lime ;  the  liquor 
produced  has  an  average  density  of  1-11,  and 
always  contains  sulphate  of  lime.  By  the  action 
of  lead  acetate  on  ferrous  carbonate,  carbonate 
of  lead  and  ferrous  acetate  are  produced. 

Black  liquor  absorbs  oxygen  from  the  air, 
forming  ferric  acetate,  which  is  always  present 
in  the  liquid.  To  diminish  this  action  clean 
metallic  iron  is  frequently  added. 

It  is  largely  used  in  calico-printing  and  in 
dyeing,  in  the  preparation  of  blue,  violet,  black, 
brown,  and  other  colours,  and  for  producing  a 
black  colour  on  hats,  furs,  leather,  wood,  &c. 

Lead  acetate.  Normal  or  di-acctafc  of  lea  l. 
Sugar  of  lead.  Sel  da  Saturiie.  Bleizucker. 
Pb(C,H,0,,).,. 

For  the  preparation  of  ivliite  acetate  of  lead, 
leaden  vessels  are  used,  or  copper  pans,  on  the 
bottom  of  each  of  which  a  piece  of  metallic  lead 
is  soldered  to  produce  a  galvanic  action  and 
prevent  the  copper  from  being  acted  upon.  In 
the  vessel  acetic  acid  of  45  p.c.  or  less  is  placed, 
and  to  100  parts  of  45  p.c,  or  a  proportionate 
quantity  of  a  weaker  acid,  86-5  parts  of  litharge 
are  added  in  small  quantities,  with  constant 
stirring,  until  the  liquid  is  nearly  neutral,  it  is 
then  heated  to  boiling  and  impurities  skimmed 
from  the  surface,  transferred  to  another  vessel 
and  evaporated  to  a  density  of  1-5,  and  removed 
to  the  crystallising  pans,  which  are  usually  of 
■wood,  lined  with  lead  or  copper,  4  feet  by  2  feet, 
and  6  or  8  inches  high.  The  coarsely  crystalline 
mass  thus  obtained  is  drained  on  wooden  raclcs, 
and  broken  into  lumps  for  the  market. 

A  coarser  variety,  known  as  hrown  acetate,  is 
prepared  by  substituting  distilled  pyroligneous 
acid  for  the  purer  acid.  The  muddy  liquid  pro- 
duced is  settled  in  a  large  tun,  and  the  super- 
natant liquid  transferred  to  a  large  iron  pan  and 
heated  to  boiling.  It  is  again  allowed  to  settle, 
transferred  to  another  pan,  evaporated  until 
crystallisation  commences,  and  about  3  volumes 
of  water  added,  causing  the  remaining  impurities 
to  rise  to  the  surface.  The  liquid  is  skimmed 
and  again  evaporated  (water  being  added  as 
before  if  the  liquid  is  not  suliiciently  clear)  until 
a  small  portion  of  the  liquid  crystallises,  on  re- 
moving and  cooling,  to  the  satisfaction  of  the 
workman.  It  is  then  ladled  into  pans  and 
allowed  to  crystallise. 


As  a  rule,  about  3  parts  acetate  are  produced 
from  2  parts  litharge. 

By  another  method  granulated  lead,  white 
lead  residues,  &c.,  are  placed  iu  vessels  standmg 
obliijuely  one  above  anotlier ;  the  upper  vessel  is 
filled  with  strong  acetic  acid,  which  after  the 
expiration  of  half  an  hour  is  allowed  to  run  into 
the  second  vessel.  Every  half-hour  it  is  re- 
moved to  a  lower  one.  The  lead,  after  the  acid 
has  been  removed;  absorbs  oxygen  rapidly,  and 
becomes  heated.  After  leaving  the  last  vessel, 
the  acid  is  again  passed  through,  dissolving  the 
acetate  which  has  been  formed,  and  is  evapo- 
rated and  crystallised. 

Pure  lead  acetate  is  a  white  crystalline  salt 
of  sweetish  taste  and  weak  acid  reaction,  con- 
taining 3  molecules  of  water.  It  dissolves  in 
1'6  cold  water,  and  in  0-5  hot  water.  At  280'C. 
it  melts,  and  when  heated  more  strongly  it 
forms  a  basic  salt  and  suddenly  solidities. 

Lead  acetate  is  largely  used  in  dyeing  and 
calico-printing,  for  the  preparation  of  alum 
mordants,  &c.,  in  the  manufacture  of  chrome 
yellow  and  other  pigments,  and  in  medicine. 

Lead  forms  two  well-deftned  basic  acetates  — 
tlie  dibasic  acetate  Pb,\,,.Pb0.aq  (Wittstein,  A. 
52,  253),  formed  by  dissolving  litharge  in  the 
normal  acetate  in  calculated  proportions  ;  and 
the  tribasic  acetate,  PbA„2PbOaq,  prepared  by 
boiling  the  normal  acetate  with  excess  of  litharge 
for  some  time.  Solutions  of  subacetate  of  lead 
are  used  in  medicine  as  Goulard  ivatcr  and 
Liquor  phunbi  subacetatis. 

Magnesium  acetate. 

A  basic  acetate  of  magnesia,  prepared  by 
warming  the  normal  acetate  with  magnesia,  is 
stated  to  be  a  powerful  antiseptic,  disinfectant, 
and  deodoriser  (W.  Kubel,  B.  15,  G84-(;8(;). 
A  thick  syrupy  liquid  containing  suspended 
magnesium  hydrate  is  said  to  be  used  in  com- 
merce under  the  name  of  '  Sinodor.' 

Potassium  acetate  CB^O.Jv  occurs  in  the  sap 
of  many  plants,  and  of  trees. 

Its  mode  of  preparation  is  similar  to  that  of 
sodium  acetate.  It  is  a  deliquescent  crystalline 
solid  soluble  in  0-53  parts  ice-cold  water,  and  in 
hot  water  forms  a  solution  which,  boiling  at 
1C'J°C.,  contains  80  p.c.  of  the  salt. 

When  chlorine  gas  is  passed  through  a  solu- 
tion of  acetate  of  potash,  carbonic  acid  is  evolved 
and  a  very  powerful,  unstable,  bleaching  fluid  is 
produced. 

Potassium  acetate  is  liable  to  contain  the 
same  impurities  as  the  sodium  salt.  The  di-  and 
tri-acetates  are  prepared  like  those  of  sodium. 

Sodium  acetate  C.^HjO.^Na  is  formed  (1)  by 
the  action  of  dilute  acetic  acid  on  sodium  carbo- 
nate, the  solution  being  evaporated  and  crystal- 
lised ;  (2)  by  neutralisation  of  pyroligneous  acid 
with  soda,  and  evaporation  and  fusion  of  the  salt 
to  remove  tarry  matters  ;  (3)  by  the  addition  of 
Glauber's  salt  to  solution  of  acetate  of  lime  or 
of  lead.  The  solution  is  decanted  and  filtered 
from  the  precipitated  calcium  sulphate,  evapo- 
rated and  crystallised  and  the  crystals  dissolved 
and  recrystallised.  Methods  (2)  and  (3)  are  used 
on  the  manufacturing  scale. 

Sodium  acetate  forms  monoclinic  crystals, 
containing  3  molecules  of  water ;  strong  saline 
taste ;  soluble  in  2-8  cold  water  and  in  about  0-5 
boiling  water.     The  crystals  melt  completely 
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at  75^C.  and  lose  their  water  of  crystallisation  at 
lOO'C.  15y  solution  of  this  salt  in  ordinary 
strong  acetic  acid  and  rapid  evaporation  the  di- 
acetate  of  soda  is  formed  ;  when  glacial  acid  is 
used  the  triacetate  is  isroduced. 

Sodium  acetate  is  used  for  the  preparation  of 
acetic  acid  and  in  medicine ;  for  the  preserva- 
tion of  meat  and  other  foods  instead  of  salt. 
The  saturated  solution  is  occasionally  used  for 
filling  railway  foot-warmers. 

The  commercial  acetate  is  liable  to  contain 
sulphates,  chlorides  and  carbonates,  and  me- 
tallic salts.  Tarry  matters  are  frequently  pre- 
sent from  the  pyroligneous  acid  used  in  its 
manufacture.  Acetate  of  lime,  and  sulphate 
and  carbonate  of  potash  are  occasionally  added 
as  adulterants. 

Alicyl  Acetates.    Acetic  ctJicrs. 

Acetic  acid  forms  numerous  acetates  with 
organic  radicles.  Some  of  these  occur  in  the  oils 
from  various  seeds. 

Amyl  acetates  C-,H,,(C,H,0,)  or  Ay(C,,H,0,). 

The  following  isomeric  amyl  acetates  are 
known : — 

1.  Normal  amyl  acetate,  boiling  at 
(Gartenmeister),  at  148'4°  (737  mm.){Lieben  and 
llossi). 

2.  Iso-amyl  acetate. 

3.  Methyl  propyl  carbinyl  acetate,  boiling  at 
133°-135"  (Wurtz),  at  134^^137°  (Schorlemmer). 

4.  Methyl  isopropyl  carbinyl  acetate,  boiling 
at  125"  (Wurtz). 

5.  Diethyl  carbinyl  acetate,  boiling  at  132° 
(741  mm.)  (Wagner  and  Saytzeff). 

G.  Tertiary  amyl  acetate,  boiling  at  124° 
(750  mm.)  (Flavitzky). 

Of  these,  only  the  second  is  of  technical  in- 
terest. 

Isoamyl  acetate,  generally  known  as  amyl 
frcc/rtte(CH.,),,CH.CH,CH,O.C.H,0,isacolourless 
liquid  of  an  odour  resembling  that  of  Jargonelle 
pears.  Sp.gr.  0-87C2-Y-"  (Mendeleef),  0-85^2^-' 
(Briihl),  b.p.  13.S-5°-l;!;)-'  at  7"S-6  (Schil'f). 

It  may  be  prepared  by  distilling  a  mixture  of 
1  part  amyl  alcoh(jl,  1  part  strong  sulphuric 
acid,  and  2  parts  dried  potassium  acetate.  The 
distillate  is  agitated  with  water;  the  upper 
layer  of  purified  amyl  acetate  is  separated,  shaken 
with  a  strong  solution  Of  sodium  carbonate,  again 
separated,  dried  over  calcium  chloride,  and  re- 
distilled. 

The  commercial  amyl  acetate  contains  other 
of  the  isomers.  It  is  prepared  in  a  correspond- 
ing manner  to  the  above,  but  ordinary  puriiied 
fusel  oil,  which  consists  principally  of  a  mixture 
of  active  and  inactive  primary  iso-amyl  alcohol, 
is  substituted  for  the  purer  amyl  alcohol,  and 
calcium  acetate  is  frequently  used  instead  of  the 
potassium  salt. 

It  is  insoluble  in  water,  but  dissolves  in  all 
proportions  in  ether,  amyl  alcohol  and  ordinary 
alcohol.  The  latter  solution  is  largely  used 
under  the  name  of  Jargonelle  pear  essence 
for  flavouring  confectionery. 

Camphor,  tannin,  resins,  etc.,  dissolve  readily 
in  amyl  acetate.  A  solution  of  gun-cotton  there- 
in is  used  as  a  varnish,  for  lacquering  metals, 
&c.,  and  in  the  form  of  a  stiff  jolly,  mixed  with 
opaque  substances  such  as  china  clay,  as  a  sub- 
stitute for  celluloid. 

Whitley  Williams  has  recommended  its  use 


for  the  production  of  a  standard  flame  in  Pho- 
tometry (J.  S.  C.  1. 1885,  2G2). 

Ethyl  acetate.    Acetic  ether 

CiI,(C B.O,)  or  Et(CJI,0,) 
is  a  fragrant  limpid  liquid  of  sp.gr.  0-9072 
b.p.  77-5°C.  (Perkin). 

For  the  preparation  of  acetic  ether  3'G  pts.  by 
weight  of  commercial  absolute  alcohol  is  mixed 
with  9  pts.  sulphuric  acid  with  constant  stirring. 
After  standing  twenty-four  hours  the  mixture 
is  poured  on  G  pts.  of  fu.:;ed  sodium  acetate  (in 
small  lumps),  allowed  to  stand  for  twelve  hours 
and  distilled.  The  product  is  rectiiied  over  cal- 
cium chloride  and  carbonate  of  potash  and  re- 
distilled. Clark  recommends  the  following  pro- 
cess :  283  c.c.  (10  oz.)  of  rectified  alcohol  (sp. 
gr.  0-838)  are  placed  in  a  flask,  and  283  c.c.  of 
sulphuric  acid  (B.  P.)  are  added  with  constant 
stirring.  The  liquid  should  be  cooled  externally 
as  far  as  possible,  allowed  to  stand  till  the  tem- 
perature has  sunk  to  15°C.,  and  351  grams 
(12^-  oz.)  of  dried  sodium  acetate  added  gradually 
with  constant  agitation  and  cooling.  The  flask 
is  then  connected  with  a  condenser  and  the 
liquid  distilled  until  400  c.c.  (14  oz.)  has  dis- 
tilled over  ;  this  is  digested  for  three  days  with 
2  oz.  freshly-dried  potassium  carbonate  and 
filtered.  The  filtrate  is  distilled  on  the  water 
bath  until  all  but  1  oz.  has  passed  over.  On  the 
large  scale  dried  sodium  acetate  may  be  sub- 
stituted for  the  potassium  carbonate  with  al- 
vantage  {v.  further W.  I.  Clark,Ph.[3]  1883,777). 

Ethyl  acetate  is  soluble  in  8  parts  of  water 
at  0°C.  and  somewhat  less  soluble  in  water  at 
15°C.  On  the  other  hand,  1  part  water  dissolves 
in  25  parts  of  the  acetate  at  O'^C.  and  in  24  parts 
at  15°C. 

Commercial  acetic  ether  usually  contains  less 
j  than  75  p.c.  of  real  ethyl  acetate,  the  rest  being 
acetic  acid,  alcohol,  water,  ether,  &c.    It  occurs, 
together  with  other  organic  acetates,  in  vinegar 
I  and  wines. 

I      Methyl  acetate  CH,C ,H,0 , or  Me(C,H,0,,)  is  a 
'  colourless  fragrant  liquid  of   specific  gravity 
0-9398     ,  boiling  at  57-5°C.  (7G0  mm.)  (Perkin). 
It  occurs  in  wood-spirit,  and  in  crude  wood- 
vinegar. 

Methyl  acetate  is  best  prepared  by  distilling 
a  mixture  of  1  part  methyl  alcohol,  1  part  potas- 
sium acetate,  and  2  parts  sulphuric  acid.  The 
product  is  dried  over  calcium  chloride  and  quick- 
lime and  redistilled.  It  is  soluble  in  water, 
alcohol,  and  ether. 

ACETOMETER.  A  hydrometer  graduated  to 
indicate  the  strength  of  commercial  acetic  acid 
according  to  its  density. 

ACETONE  C,H.,0  or  CH,.CO.CH,.  Dimethyl 
ketone.  A  product  of  the  destructive  distillation 
of  acetates ;  obtained  by  Liebig  from  lead  acetate 
(A.  1,  225)  and  further  examined  by  Dumas  (A. 
Ch.  [2J  49,  208),  who  first  determined  its  com- 
position. Acetone  is  also  produced  in  the  dry 
distillation  of  wood  (Volckel,  A.  80,  310),  of 
citric  acid  (Eobiquet,  B.  J.  18,  502),  of  sugp.r, 
starch,  and  gums  with  lime  (Fremy,  A.  15,  279), 
and  by  heating  citric  acid  with  jjotassium  per- 
manganate (Pean  de  St.  Gilles,  J.  1858,  685). 

Preparation. — 1.  Acetone  can  be  obtained 
by  distilling  a  mixture  of  1  part  of  caustic  lime 
and  2  parts  of  crystallised  lead  acetate  (Zeise; 
A.  33, 32) ;  but  is  usually  prepared  by  the  dry  dis- 
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tillation  of  bra'Ium  acetate  at  a  moderate  heat. 
Calcium  acetate  can  also  be  employed,  but  the 
temperature  required  is  greater,  and  the  product 
is  contaminated  with  impurities,  such  as  duma- 
sin,  an  isomeride  of  mesityl  oxide. — 2.  From 
wood-spirit  acetone  can  be  separated  by  distilling 
over  calcium  chloride.  The  product  obtained  by 
these  methods  can  readily  be  purified  by  convert- 
ing the  acetone  into  its  crystalline  compound 
with  acid  sodium  (or  potassium)  sulpliite,  cry- 
stallising this,  and  subsequently  distilling  with 
aqueous  sodium  carbonate  ;  the  distillate  is  then 
treated  with  concentrated  calcium  chloride  solu- 
tion and  the  ethereal  layer  rcctiiied  over  solid 
chloride. 

Acetone  has  been  prepared  synthetically  from 
zinc  methyl  and  acetyl  chloride  (Freund,  A.  118, 
11).  Occurs  in  the  urine,  blood,  and  brain  of 
calcium  diabetic  patients. 

Properties.  —  Acetone  is  a  limpid,  mobile 
liquid,  having  an  agreeable  odour  and  a  pepper- 
mint-like taste.  It  is  very  inflammable  and 
burns  with  a  white  smokeless  fiamo.  Its  b.p.  = 
55-3°  (Kegnault) ;  b.p.  =  .50-3°  at  700  mm.,  and 
sp.gr.  =  0-8141  at  0°,  =  079945  at  13-9°  (Kopp,  A. 
C4,  214;  b.p.  =  5G-53°  (cor.)  and  sp.gr.  =  0-81858 

at     (Thorpe,  C.  J.  37,212).  Acetone  is  miscible 

in  all  proportions  with  water,  alcohol,  ether  and 
many  ethereal  salts,  can  be  separated  from  its 
aijueous  solution  by  the  addition  of  calcium 
chloride,  and  dissolves  many  fats  and  resins. 
When  its  vapour  is  passed  through  a  red-hot 
copper  tube,  a  very  small  proportion  of  tarry 
products  containing  naphthalene  is  obtained 
together  with  a  large  volume  of  gas  having  the 
composition  :  carbon  monoxide  =  39-23  per  cent. ; 
methane  =  37-58  per  cent. ;  hydrogen  =  17-54 
per  cent.;  and  ethylene  =  5-G5  per  cent.  (Bar- 
bier  and  Roux,  C.  R.  102,  1559).  Dehydrating 
agents  readily  act  on  acetone  and  convert  it  into 
condensation  compounds ;  thus,  for  example, 
caustic  lime  converts  acetone  into  mesityl  oxide 
C,H|„0  and  phorone  C,,H,,0  when  the  action  is 
allowed  to  continue  for  a  week  (Fittig,  A.  110, 
32),  and,  together  with  smaller  proportions  of 
other  products,  these  two  compounds  are  also 
formed  when  it  is  saturated  with  hydrogen 
chloride  and  allowed  to  stand  for  eight  to  fourteen 
days  (Baeyer,  A.  140,  297).  Distillation  with 
concentrated  sulphuric  ackl  converts  acetone 
into  mesitylene.  Sodium  in  the  i^resence  of 
water  reduces  acetone  to  isopropyl  alcohol  and 
pinacone  (Fittig,  A.  110,25;  114,54;  Stiideler, 
A.  Ill,  277;  Friedel,  A.  124,  329);  whilst 
chlorine,  bromine  and  iodine  in  the  presence  of 
alkalis  convert  it  into  chloroform,  bromoform, 
and  iodoform  resj^ectively. 

Reactions.  —  Acetone,  when  treated  with 
aqueous  potash  and  iodine,  yields  iodoform 
(Lieben).  Gunning  (Z.  Fr.  24,  147)  has  modi- 
lied  this  reaction  to  render  it  available  when 
alcohol  is  present  in  the  substance  suspected  to 
contain  acetone,  and  employs  ammonia  and  a 
solution  of  iodine  in  ammonium  iodide.  Another 
test  proposed  by  Reynolds  (Fr.  24,  147)  is  based 
on  the  fact  that  mercuric  oxide  is  soluble  in 
acetone  in  the  presence  of  potassium  hydroxide  ; 
the  suspected  liquid  is  mixed  with  a  solution  of 
mercuric  chloride  rendered  strongly  alkaline  with 
alcoholic  potash,  and  after  shaking  the  mixture 


is  filtered  and  the  filtrate  tested  for  mercury  by 
means  of  ammonium  sulphide  or  stannous 
chloride.  Penzoldt  (Fr.  24,  147)  adds  to  the 
suspected  liquid  orthonitrobonzaldehyde,  which 
in  presence  of  causoic  alkali  combines  with  ace- 
tone to  form  indigo.  Jacksch  (C.  C.  1S84,  ()74) 
states  that  Lichen's  test  is  the  most  sensitive, 
and  that  by  its  use  0-00001  gram  of  acetone  can 
be  detected,  also  that  the  degree  of  delicacy  of 
the  other  tests  stands  in  the  order  in  which 
they  are  given  here. 

Deriv.ttives. — Acetone  combines  directly  with 
a  large  number  of  substances  yielding  well- 
characterised  additive-compounds.  —  1.  Com- 
pounds with  alkaline  sulphites  :— Acetone  forms 
definite  crystalline  compounds  when  shaken  with 
concentrated  solutions  of  the  acid  sulphites  (bi- 
sulphites) of  the  alkali  metals.  The  jwtassiiini 
salt,  C,H  1_),KHS0.,,  and  the  sodium  salt, 
C.tl.OiNallSOj  crystallise  in  nacreous  scales 
(Limpricht,  A.  93,  238) ;  the  ammonium  salt, 
C|H  .O,NH,HSO:i crystallises  in  laminic  (Stiideler, 
A.  Ill,  307).  These  salts  yield  acetone  when 
heated  with  aqueouspotash. — 2.  Compounds  with 
chloroform  (Willgerodt,  B.  14,  2451  ;  15,  2308). 
3.    Compounds  with  hydrogen  cyanide  (Urech, 

A.  104,  255) : — Acetone  yields  acetonccyanhydrol 
C,H;NO,  b.p.  =  120°,  when  added  to  anhydrous 
hydro.^'en  cyanide ;  and  diacetonecyanhydrol 
C  JI|  ,NO,^,  a  crystalline  substance,  when  treated 
with  a  25  per  cent,  solution  (aqueous)  of  hydro- 
gen cyanide  (Tiemann  and  Friedliinder,  B.  14, 
1905). — 4.  Compounds  w'ith  ammonia: — Ammo- 
nia unites  with  acetone  in  the  cold  with  the 
elimination  of  the  elements  of  water ;  the  re- 
action, however,  proceeds  more  quickly  if  the 
temperature  is  raised  to  100°,  or  if  dry  ammonia 
gas  is  passed  into  boiling  acetone.  Several 
bases,  diacetonamine  C,H||KO,  triacetonamine 
C,,H|-NO,  triacetonediamine  C,,Hj,N.p,  and  dehy- 
drotriacetonamine  C,,H|-N,  the  last  two  in  very 
small  quantity  only,  have  been  obtained  by  these 
methods,  the  relative  proportions  in  which  they 
are  formed  varying  with  the  temperature  cm- 
ployed  and  the  duration  of  the  experiment. 
These  bases  and  their  derivatives  have  been 
examined  by  Heintz  (A.  174,  133  ;  175,  252  ; 
178,  305,  320;  181,  70;  183,  270;  189,  214; 
191,  122  ;  198,  42,  87  ;  201,  90  ;  203,  33(1)  and 
also  by  Sokolow  and  Latschiiiow  (B.  7,  1384)  ; 
they  yield  well-crystallised  salts,  and  can  bo 
separated  from  one  another  by  means  of  their 
oxalates.  Mcthylamine  also  gives  corresponding 
compounds  with  acetone,  but  dimethylamine 
yields  dimethyldiacetonamine  as  the  sole  pro- 
duct (GOttschmann,  A.  197,  27). 

Acetone  also  yields  substitution  derivatives 
when  acted  upon  with  chlorine  (Bischol'f,  B.  5, 
803,  903 ;  8,  1329)  and  bromine.  By  the  direct 
action  of  chlorine,  monochloracetone  (Henry, 

B.  5,  190 ;  Mulder,  B.  5,  1009 ;  Barbaglia,  B. 
7,  407  ;  Linnemann,  A.  134,  171)  ;  unsj-mme- 
trical  dichloracetone  (Fittig,  A.  110,  40  ;  Borsche 
and  Fittig,  A.  133,  112)  ;  symmetrical  dichlor- 
acetone (Barbaglia,  I.e.) ;  trichloracetone  (Bis- 
choff,  I.e.  ;  Kraemer,  B.  7,  252)  ;  totrachlorace- 
tone  (Bischoff)  and  pentachloracetone  (Cloi^z, 
Bl.  39,  038)  are  obtained  ;  and  the  corresponding 
bromo-  derivatives,  with  the  exception  of  tri- 
bromacetone,  are  obtained  by  the  direct  action 
of  bromine  upon  acetone  (Mulder,  J.  18C4,  330). 
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ACETOPHENONE.  PhcnyUnctlnjl-hdonc. 
nijjnumc.  CH-,.C0.CH3. 

Is  obtaiiieil  by  acting  with  bonzoj'l  chloride 
on  zinc  methyl ;  by  distilling  a  mixture  of  the 
calcium  salts  of  benzoic  and  acetic  acids,  or  by 
boiling  together  benzene  and  acetyl  chloride 
with  aluminium  chloride. 

Crystallises  in  large  plates  which  melt  at 
20-5°.  Boils  at  202°.  It  possesses  a  persistent 
odour  of  oil  of  bitter  almonds  and  cherry  laurel 
water ;  is  insoluble  in  water,  but  dissolves  easily 
in  alcohol,  ether,  chloroform,  or  benzene.  Was 
discovered  by  Dujardin-Beaui;ietz  and  Bardct  to 
possess  powerful  soporific  properties  (C.  It.  101, 
960).  Used  in  quantities  of  -05  to  'lo  grains  it  in- 
duces a  quiet  sleep,  but  is  said  to  impart  a  dis- 
agreeable odour  to  the  breath  (Ph.  1886,  582). 

jS-ACETO-PROPIONIC  ACID.  Lcvulinic  acid. 
CH,.CO.CH,.CH,.CO,H. 
This  substance  is  formed  by  the  action  of  dilute 
acids  on  a  number  of  carbohydrates— e.gr.  levu- 
loso,  inulin,  galactose — but  is  best  prepared  by 
heating  on  the  water-bath  cane  sugar  with  dilute 
hydrochloric  acid  (4  vols,  water,  1  vol.  cone, 
acid)  until  a  brown  flocculent  precipitate  is  no 
longer  formed.  Compare  Tollens,  B.  17,  CG8  ; 
Wehmer  a.  Tollens,  A.  243,  214.  The  filtered 
liquid  is  then  evaporated  on  the  water-bath, 
extracted  several  times  with  ether,  and  after 
distilling  off  the  ether  the  residue  is  fractionated 
in  a  vacuum. 

Levulinic  acid  crystallises  in  plates  which 
melt  at  '66°.  It  boils  at  239°,  and  has  at  15°  a 
sp.gr.  1-135.  It  is  very  soluble  in  water,  alcohol, 
and  ether,  and  is  not  attacked  by  bromine  in 
the  cold.  Nitric  acid  converts  it  into  carbon 
dioxide,  acetic  acid,  succinic  and  oxalic  acids. 
Iodine  and  sodic  hydrate  form  iodoform  even  in 
the  cold.  Hydriodic  acid  and  phosphorus  at 
200°  convert  it  into  normal  valeric  acid  ;  whereas 
sodium  amalgam  forms  sodium  7-hydroxyvale- 
rate  acid  in  an  alcoholic  solution,  and  normal 
valeric  acid  in  an  acid  solution. 

The  substance  is  employed  on  a  manufac- 
turing scale  as  a  mordant  instead  of  acetic  acid, 
as  it  possesses  the  advantage  of  not  being  vola- 
tile with  steam. 

It  is  also  used  in  the  preparation  of  the  anti- 
pyretic '  antithermin.'  Phenylhydrazine  is  dis- 
solved in  dilute  acetic  acid,  and  on  adding  a 
solution  of  levulinic  acid  a  yellow  precipitate  is 
formed,  which  is  purified  by  recrystallisation 
from  alcohol  (Ph.  [3J  xvii.  801)  (v.  Antither- 
min). 

ACETPHENETIDENE  v.  Phenacetin. 

ACETYLENE  GROUP.  Hydrocarbons  having 
the  general  formula  C„H2n-2- 

The  hydrocarbons  of  this  series  exist  in  two 
isomeric  modifications.  Kexaresentatives  of  the 
first  group  are 

ch;ch  ca,.c;cH 

Acetylene  AUyleue 
And  of  the  second 

CH,  :  C  ;  CH,        CH, :  CH.CH,.CH,.CH  :  CH^ 

Isomeric  allyleue  Dia'.lyl 

The  hydrocarbons  of  the  first  group  thus 
contain  the  group  (=CH)  united  to  one  carbon 
atom,  and  may  be  designated  true  acetylenes. 
They  form  compounds  with  copper  and  silver  in 
wnich  the  hydrogen  of  the  group  (CH)  is  rc- 
l^laced  by  the  metal. 


The  following  general  reactions  yield  hydro- 
carbons of  this  series  : — 

1.  By  heating  the  monohalogen  derivatives 
of  the  hydrocarbons  C„H  „  with  alcoholic  potash 
CH,.CC1 :  CH.  +  KOH  -  CH,.C  :  CH  -h  KCl  +  H,0. 

2.  By  the  action  of  alcoholic  potash  on  the 
dihalogen  derivatives  of  the  ethylene  series.  In 
this  case  the  reaction  takes  place  in  two  stages. 

I.    CH..Br.CH.  Br  +  KOH  = 
CHBr:CH,  +  KBr-^H.,0. 
II.  CHBr :  CH,  +  KOH  =  CH :  CH  +  KBr  +  H,0. 

3.  By  electrolysing  unsaturated  dibasic  acids. 
CH.C'0,H :  CH.CO,H  =  CH :  CH  -h  2C0,  -1-  H. 

I'luiiaric  aciil  AcctUciie 
The  acetylenes  combine  with  Br._,  or  Br^ ;  thus 
acetylene  forms  C,H,Br„  and  C.,H,Br,. 

Nascent  hydrogen  converts  the  acetylenes 
into  the  hydrocarbons  C„H,„  and  C„H,„ 

The  acetylenes  also  in  presence  of  mercuric 
bromide  and  other  mercuric  salts  combine  with 
water  to  form  aldehydes  and  ketones. 

C,H,  -H  H,0  =  C,H,0 

Acetylene  Alilehyiie 

CH,.C :  CH  +  H,0  =  CH.COCIl, 

Allylene  Acetone 

(Kutscheroff,  B.  14,  1642 ;  17,  28). 

By  polymerisation  of  the  acetylenes  bodies 
of  the  benzene  series  are  formed.  Thus  acetylene 
[  at  a  red  heat  yields  benzene ;  allylene  C^Hj,  by 
the  action  of  sulphuric  acid,  gives  mesitylene 
C,|H|,,  (trimethyl  benzene);  and  crotonylene  C^H_; 
gives  hexamcthyl  benzene. 

Acetylene  C.^H,  i.e.  HCjCH  is  produced 
when  an  electric  arc  is  formed  between  carbon 
points  in  an  atmosphere  of  hydrogen.  Fur- 
ther by  passing  the  vapours  of  many  carbon 
compounds  (alcohol,  ether,  methane,  ethylene) 
through  red-hot  tubes.  It  is  also  formed  by 
electrolysing  the  sodium  or  potassium  salt  of 
fumaric  or  maleic  acid,  and  by  the  action  of 
silver,  copper,  or  zinc  dust  on  iodoform  (Caze- 
neuve,  C.  E.  97,  1371).  (For  other  modes,  v. 
Watts'  Dictionary  of  Chemistry.) 

To  prepare  larger  quantities,  ethylene  bro- 
mide C,H,Bro  is  heated  with  potash  and  strong 
alcohol  in  a  flask  with  an  inverted  condenser. 
The  gas  is  passed  into  ammoniacal  solution  of 
cuprous  chloride,  and  tlie  precipitate,  after 
washing  with  water,  is  decomposed  by  hydro- 
chloric acid.  Or  a  Bunsen  burner  is  allowed 
to  strike  back,  and  the  gases  are  drawn  through 
the  cuprous  chloride  solution. 

Acetylene  is  a  colourless  gas  which  has  a 
peculiar  odour,  and  condenses  at  -1- 1°  at  a  pros- 
sure  of  48  atmospheres.  It  is  slightly  soluble 
in  water,  more  so  in  alcohol  and  ether.  The 
gas  burns  in  air  with  a  smoky  flame. 

On  heating  sodium  in  acetylene  hydrogen  is 
given  off,  and  the  compounds  C^HNa  and  C.Na^ 
are  formed. 

The  compounds  with  copper  and  silver  corre- 
spond respectively  to  the  f ormuliB  C„H  ,Cu  ,0  and 
C,H,Ag_,0,  or  C,H,2Ag,0.  The  former  is  red, 
the  latter  yellowish.  Both  explode  on  heating  ' 
(Blochmann,  A.  173,  174). 

Nascent  hydrogen  converts  acetylene  into 
C,H|  and  C_,H,..  The  latter  gas  is  also  formed 
by  passing  hydrogen  and  acetylene  over  spongy 
platinum.-  A  mixture  of  nitrogen  and  acetylene 

'  Since  coal  gas  contains  acetylene  ('06  p.Cl^  copper 
tubes  cannot  be  uaed  fur  gas  service  pipes  (Beilstciu). 
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siibjpcted  to  tlic  action  of  induction  sparks  yields 
pi  ussic  acid  C.^H._,  +  No  =  '2HCN  (Beilstein). 

Chlorine  and  acetylene  combine  explosively 
■when  exposed  to  daylight.  Antimony  penta- 
chloride  when  gently  heated  absorbs  acetylene, 
forming  CH^SbClj,  which,  on  distillation,  de- 
composes into  SbClj  and  C  H.^Cl.,. 

Bromine  added  to  an  alcoholic  solution  of 
acetylene  forms  C.H_Br.^,  but  if  the  gas  be 
passed  through  bromine  the  substances  CJI^Br, 
and  (C^HBr^),,  are  obtained.  Iodine  forms  C.H  I,. 

Allylene  or  AUene  C^jH,  exists  in  two  iso- 
meric modifications. 

1.  Methyl  accti/Icno  CH,.C;CH. 

Is  formed  by  the  action  of  alcoholic  potash 
on  bromopropylene. 

CH;,CClCH,-h'KOH  =  CH,.C  :  CH  -t-KCl-(-H,0. 
Also  by  acting  with  sodium  on  dichloracetone 
chloride 

CH,CC1,CHCI,  +  Na,  =  CH,.C  :  CH  +  4NaCl. 
By  electrolysing  the  alkali  salts  of  citraconic 
or  mesaconic  acids. 

The  substance  is  a  colourless  gas  very  similar 
to  acetylene,  and,  lil;e  it,  forms  compounds  with 
metals.  The  mercuric  compound  is  obtained  by 
passing  allylene  through  water  containing  mer- 
curic oxide  in  suspension.  It  has  the  composi- 
tion (C^HJ  Hg,  and  crystallises  from  hot  alcohol 
in  fine  needles.  It  is  soluble  in  hydrochloric 
acid  with  evolution  of  allylene,  but  does  not  ex- 
plode on  heating. 

(C,H,),Ag  forms  microscopic  needles  which 
explode  at  about  150'^. 

Bromine  forms  the  additive  products  C^HiBr^ 
and  CjH  Br,,  and  the  halogen  acid  compounds 
corresponding  to  CH,CC1^CH.,.  Concentrated 
sulphuric  acid  absorl)s  allylene  easily.  On  dis- 
tilling the  solution  with  water,  acetone,  mesityl- 
ene  and  allylenesulphonic  acid  CjHjSO^H  are 
formed  (Schrohe,  B.  8,  18  and  oG7). 

The  formation  of  acetone  from  allylene  in 
presence  of  mercuric  salts  in  water  has  been 
alluded  to  above. 

2.  Siphmcti  ical  a!li/lcne  CH,,:C:CH,,. 

Is  obtained  by  tlie  action  of  sodium  on 
j3-chlorallylchloride. 

CHCl:  CH.CH  CI  +  2Na  =  CH,  :  C  :  CH,  +  2NaCl. 
Or  by  the  action  of  Zn  dust  on  an  alcoholic 
solution  of  dibrompropylene  (Gustavson  and 
Demjanoff,  J.  pr.  1888,  201).  And  by  the  elec- 
trolysis of  the  alkali  salts  of  itaconic  acid. 

The  substance  is  a  gas,  but  differs  from  un- 
Eymnietrical  allylene  in  giving  no  precipitate  with 
an  ammoniacal  copper  or  silver  solution.  It 
unites  with  bromine  to  form  CjHjBr^,  which 
melts  at  19.5°. 

Butines  C,H,,. 

Three  of  the  four  possible  isomerides  are 
known. 

1.  Ethijlaccti/knc  C,H,.C;CH.  Formed  by 
the  action  of  alcoholic  potash  on  C,H,.CCl.,.CHj 
(Bruylants.  B.  8,  412). 

By  passing  acetylene  and  ethylene  through 
a  red-hot  tube  (Berthelot,  A.  Ch.  [4]  9,  46(5). 

The  compound  is  a  liquid  boiling  at  18°,  and 
is  a  true  acetylene,  since  it  forms  precipitates 
with  ammoniacal  copper  and  silver  solutions. 

2.  Crotonylcnc  or  dimdhylacetylcne 

CH,.C:C.CH„ 
by  acting  with  alcoholic  potash  on  vf^-bntylene 
bromide  CH.CHBrCHBrCH,;  is  a  liquid  boiling 
Vol.  l.~T 


at  18°.    It  forms  with  bromine  a  liquid  CJI  Br., 
(b.p.  148°-158°),  and  C,H„Br„  which  is  solid.  °0n 
shaking  the  hydrocarbon  with  sulphuric  acid 
and  water  (3:1)  hexamethylbenzene  is  obtained 
3C,H„  =  C,JI|,  =  C,(CH,),. 

3.  Vinyl-cthylcnc  CH,  :  CH.CH  :  CH,.  By 
passing  the  vapours  of  fusel  oil  through  a  red- 
hot  tube  (Caventou,  A.  127,  348).  Is  present  in 
compressed  coal-gas  (Caventou,  B.  G,  70),  and  in 
oil-gas  (Armstrong  and  Miller,  C.  J.  188G,  74).  It 
gives  no  precipitate  with  an  ammoniacal  cuprous 
chloride  solution,  but  forms  an  additive  product 
witli  four  atoms  of  clilorine  or  bromine. 

4.  The  butine  CH,.CH  :  C  :  CH,  is  unknown. 
Four  of  eight  i^ossible  pen  tines  are  known. 

Of  the  higher  terms  of  the  series  the  hcxine 
diallyl  is  of  interest.  It  is  formed  by  the  action 
of  sodium  on  allyl  iodide. 

iCH,  :CH  ;CHJ  +  2Xa  =  CH,:CH.Cir,.Cn,PlT  :CH,  +  2NnI. 
Also  by  distilling  mercuric  allyl  iodide  with 
potassium  cyanide. 

It  forms  a  liquid  smelling  of  horse-radish, 
boiling  at  50°,  and  combines  with  liromine  to 
form  tlie  tetrabromide  C,;H|„]5r,,  melting  at  03°. 
If  this  be  boiled  with  potash  a  li<jind  diljromo- 
diallyl  is  obtained,  which  boils  at  210°,  and  by 
the  action  of  alcoholic  potash  yields  dipropargyl 
C„H,;,  a  liquid  boiling  at  8.5°  isomeric  with  benz- 
ene, but  llavill^'  the  constitution 

C1I:C.CH.,.CH,.C:CH. 

ACHREMATITE  A  nmlybdo-arsenate  of 
lead  from  Guanacer6  in  the  State  of  Chihuahua, 
IMexico.  It  contains  As  ,03,  18-2.5;  M0O3,  .5-01; 
CI,  2-15;  Pb  (as  chloride),  G-23  ;  PbO  remaining 
G8-31  (Mallet,  C.  S.  .1. 1875,  1141). 

ACHYRANTHES  ASPERA  or  AGHARA. 
An  Indian  plnnt  used  as  a  simple  and  as  a 
remedy  for  tontliache. 

AC'iCULITE.  BisDiullixulpliidc  (c.  Bismuth). 

ACID  ALBUMEN  v.  Albuminoids. 

ACID  BROWN  r.  Azo-  coLooiiiNo  matters. 

ACID  CERISE  V.  Tiuphenyljiethanb  colour- 

INO  I\LVrTKl!S. 

ACID  GREEN  v.  Tuipiienylmetiiane  colour- 
ing MATTERS. 

ACIDIMETRY  and  ALKALIMETRY.  The 

determination  of  the  amount  of  acid  or  alkali 
in  solid  and  liquid  substances.  If  the  sub- 
stance is  a  liquid  free  from  admixed  foreign 
matter,  the  proportion  of  acid  or  alkali  can  be 
ascertained  with  considerable  accuracy  by  de- 
termining the  specific  gravity  of  the  solution. 
A  direct  determination  can  also  be  made  by  any 
suitable  gravimetric  process ;  but  volumetric 
methods  are  almost  exclusively  employed,  and, 
indeed,  are  the  only  processes  available  when  it 
is  required  to  distinguish  between  free  and  com- 
bined acid  or  alkali.  In  these  processes  the 
(juantity  of  acid  or  alkali  present  is  calculated 
from  the  volume  of  standard  alkali  or  acid  re- 
quired to  exactly  saturate  it,  the  point  of  satura- 
tion being  determined  by  means  of  an  indicator 
— i.e.  a  substance  which  gives  a  decided  colour 
change  with  a  slight  excess  of  acid  or  alkali. 

The  basis  upon  which  the  standard  solutions 
are  made  is  normal  sodium  carbonate,  which  is 
purified  by  recrystallisation  and  rendered  an- 
hydrous by  careful  heating  in  a  platinum  vessel. 
It  can  also  be  prepared  by  heating  pure  sodium- 
hydrogen-carbonate  until  it  ceases  to  lose  weight. 
Mohr  recommends  crystallised  oxalic  acid  as  a 
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basis  ;  but  it  is  not  easy  to  obtain  crystals  having 
exactly  the  composition  H.^C^O^  +  2H_,0,  and  the 
solution  is  not  available  for  general  purposes. 

Preparatioyi  of  the  Standard  Acid. — Sul- 
phuric or  hydrochloric  acid  is  generally  used. 
The  former  has  the  advantage  of  being  com- 
pletely non-volatile  in  dilute  solutions,  whilst 
the  latter  gives  no  precipitates  with  compounds 
of  calcium,  barium,  and  strontium.  Nitric  acid 
has  also  been  proposed,  but  it  has  no  advantages 
over  sulphuric  and  hydrochloric  acids,  is  not  so 
readily  obtained  pure,  and  is  liable  to  decompose, 
especially  if  exposed  to  bright  light. 

Sulphuric  acid.— 28  c.c.  of  the  pure  con- 
centrated acid,  of  sp.gr.  1-84,  diluted  to  1000  c.c, 
gives  an  approximately  normal  solution — that  is, 
a  solution  which  contains  in  each  litre  one 
equivalent  of  the  acid  in  grams. 

Hydrochloric  acid. —Advantage  is  taken  of 
the  fact  that  an  aqueous  solution  of  hydrochloric 
acid,  which  boils  at  a  constant  temperature 
under  the  ordinary  atmospheric  pressure,  has 
a  practically  constant  composition.  A  quantity 
of  the  ordinai-y  concentrated  acid  is  placed  in 
a  capacious  retort  and  distilled  until  about  one- 
third  has  passed  over.  The  liquid  remaining  in 
the  retort  will  have  a  sp.gr.  of  I'l,  and  will 
contain  20'2  p.c.  of  real  acid.  165  c.c.  of  this 
acid  diluted  to  1000  c.c.  gives  an  almost  exactly 
normal  solution.  A  quicker  method  is  to  deter- 
mine the  strength  of  the  concentrated  acid  by 
taking  its  sp.gr.  by  a  hydrometer,  and  then 
dilute  a  sufficient  quantity  to  1000  c.c. 

The  final  adjustment  of  the  acid  in  either 
case  is  made  by  means  of  sodium  carbonate. 
About  1  gram  of  the  pure  anhydrous  salt  is 
accurately  weighed  into  a  flask  of  about  250  c.c. 
capacity,  dissolved  in  water,  and  mixed  with 
a  few  drops  of  litmus  solution.  The  acid  is 
jjlaced  in  a  burette  graduated  in  fifths  or  tenths 
of  a  cubic  centimetre,  and  is  gradually  added  to 
the  carbonate  solution  until  the  colour  of  the 
litmus  changes  to  wine-red.  The  solution  is 
now  boiled  for  a  few  minutes  to  expel  carbon 
dioxide,  a  further  small  quantity  of  acid  is 
added  and  the  liquid  again  boiled,  and  this 
process  is  continued  until  the  litmus  remains 
red  after  boiling  for  some  minutes.  The  volume 
of  acid  used  is  read  off,  and  the  experiment  is 
repeated  with  a  fresh  quantity  of  the  carbonate. 
The  quantity  of  hydrochloric  or  sulphuric  acid 
required  to  saturate  the  weight  of  sodium  car- 
bonate taken  is  calculated,  and  this  quantity 
divided  by  the  number  of  c.c.  of  acid  used  gives 
the  amount  of  real  acid  in  1  c.c.  of  the  solution. 
Suppose  that  a  solution  of  sulphuric  acid  is 
being  standardised,  and  that  18  c.c.  are  required 
to  saturate  1-025  gram  of  sodium  carbonate. 
100  :  1-025::  98  :  0-9476,  and  therefore  1  c.c. 
of  the  acid  contains  -9476 18  =  0-0526  gram 
H.^SO.,.  It  follows  that  931-5  c.c.  of  this  acid 
contain  49  grams  H.^SO  , ;  and  if  this  volume  is 
diluted  to  1000  c.c,  the  resulting  solution  should 
be  exactly  normal.  To  adopt  a  more  convenient 
plan  :  1000  c.c.  of  the  solution  contain  62-6  grams 
H^SOj,  an  amount  of  acid  which  would  be  con- 
tained in  1073-5  c.c.  of  a  strictly  normal  solution 
(49  :  52-6::  1000  :  1073-5),  and  hence,  to  obtain 
a  normal  solution,  1000  c.c.  of  the  acid  must 
be  mixed  with  73-5  c.c.  of  water.  Whichever 
niethod  is  adopted,  the  accuracy  of  the  solution 


must  be  confirmed  by  again  standardising  with 
sodium  carbonate.  Since  the  accurate  adjust- 
ment to  normal  strength  is  troublesome,  it  is 
better  to  determine  the  error  of  the  solution  and 
to  make  a  correction  for  this  error  in  each  cal- 
culation. The  actual  strength  of  the  solution  (x) 
is  divided  by  the  equivalent  of  the  acid,  and  the 

resulting  number   ^5-  =/is  ^  factor  which 

equivalent 

denotes  the  deviation  of  the  acid  from  the  normal 
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strength.    In  the  example  given  —  =  1-074 — 

that  is  to  say,   1   c.c.  of  solution  contains 

0-  049  x  1-074  gram  H,SO„  and  is  therefore 
equivalent  to  0  040  x  1-074  gram  of  sodium 
hydroxide,  0-053  x  1-074  gram  of  sodium  carbo- 
nate, 0-017  X  1-074  gram  of  ammonia,  and  so  on. 

Since  the  repeated  boiling  required  when  the 
carbonate  is  directly  titrated  makes  the  operation 
very  tedious,  it  is  better  to  adopt  the  process  of 
reverse  titration.  The  relation  between  the  acid 
and  the  standard  caustic  alkali  is  first  deter- 
mined by  direct  titration,  boiling  being  un- 
necessary. About  1  gram  of  sodium  carbonate 
is  weighed  out,  dissolved  in  water,  mixed  with 
a  measured  excess  (25  c.c.)  of  standard  acid, 
boiled  for  about  ten  minutes  to  expel  all  carbon 
dioxide,  mixed  with  litmus,  and  the  excess  of 
acid  determined  by  adding  the  standard  alkali 
from  the  burette  until  the  litmus  becomes  blue. 
The  volume  of  alkali  required  gives  the  excess 
of  acid,  and  this  subtracted  from  the  volume 
of  acid  added,  gives  the  volume  required  to 
neutralise  the  sodium  carbonate  taken.  Suppose 
that  10  c.c.  of  alkali  =  10-2  c.c.  of  acid,  and  that 

1-  025  gram  of  sodium  carbonate,  after  boiling 
with  25  c.c.  of  the  acid,  required  6-9  c.c.  of 
alkali  to  neutralise  the  excess  of  acid.  6-9  c.c. 
of  alkali  =  7-0  c.c.  of  acid,  and  therefore 
25  —  7  =  18  c.c  of  acid  have  been  required  to 
neutralise  1-025  gram  of  sodium  carbonate. 

I  The  strength  of  the  acid  is  then  calculated  in 
the  manner  already  explained. 

Oxalic  acid, — A  normal  solution  is  prepared 
by  dissolving  63-00  grams  of  the  recrystallised 
hydrated  acid  11.^0^0^4-211^0  in  water  and 
diluting  to  1000  c.c. 

Preparation  of  Standard  Alkali. — The  alkali 
generally  used  is  normal  sodium  or  jjotassium 
hydroxide,  or  half-normal  ammonia. 

50  grams  of  the  purest  commercial  caustic 
soda  is  dissolved  in  800-900  c  c.  of  water, 
allowed  to  stand  for  some  time  in  order  that 
any  insoluble  matter  may  subside,  and  the  clear 
liquid  is  siphoned  off  and  diluted  to  1000  c.c. 
10  c.c.  of  standard  acid  is  placed  in  a  porcelain 
dish,  mixed  with  litmus,  and  the  alkali  added 
from  a  burette  until  the  litmus  becomes  blue. 
If  9-4  c.c.  of  alkali  are  required,  it  follows  that 
940  c.c.  of  alkali  are  equivalent  to  1000  c.c.  of 
acid,  and  this  volume  of  alkali  should  be  diluted 
to  1000  c.c,  or  1000  c.c.  of  alkali  should  be  mixed 
with  64  c.c.  of  water  (9-4  :  10 : :  1000  :  1064). 
The  ratio  of  the  diluted  alkali  to  the  standard 
acid  is  again  determined,  and  the  strength  of 
the  alkali  is  readily  calculated. 

Ammonia  has  the  advantages  that  it  does 
not  readily  attack  glass,  is  free  from  silica  and 
alumina,  and  does  not  so  readily  absorb  carbon 
dioxide  from  the  air.    If  used  of  half-normal 
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streiigtli  it  does  not  arpi'eciably  alter  if  kept  in 
a  cool  place.  All  titrations  must,  however,  be 
made  in  cold  solutions,  and  phenol  phthalein 
cannot  be  used  as  an  indicator.  25  c.c.  of 
ammonia  solution  of  sp.gr.  0-89  is  diluted  to 
1000  CO.,  and  the  solution  adjusted  exactly  as  in 
the  case  of  soda. 

Indicators.  —Many  colouring  matters,  both 
natural  and  artificial,  have  been  recommended 
for  this  purpose,  but  comparatively  few  are 
actually  used. 

Litmus  occurs  in  the  form  of  small  cubical 
granules  mixed  with  a  large  proportion  of 
calcium  carbonate.  An  aqueous  solution  of  this 
product  not  only  contains  free  alkali,  but  also 
a  variable  proportion  of  colouring  matters  which 
interfere  with  the  delicacy  of  the  reaction. 
Special  precautions  must  therefore  be  taken  in 
preparing  the  solution  for  use  in  acidimetry. 
Various  processes  have  been  recommended  by 
Berthelot  and  De  Fleurieu  (A.  Ch.  [4J  5,  189), 
Wartha  (B.  9,  217),  Kretzschmar  (C.Z.  3,  682), 
Stolba  (C.  C.  |3j  12,  770),  Mohr  (Titrirmethode). 
The  following  method  gives  excellent  results  : 
The  litmus  is  extracted  three  or  tour  times 
with  boiling  methylated  alcohol  of  85  p.c.  in 
order  to  remove  the  injurious  colouring  matters, 
the  residue  is  extracted  with  cold  water,  slightly 
acidified  with  sulphuric  acid,  and  boiled  to 
expel  carbon  dioxide.  It  is  then  neutralised 
with  baryta  water,  a  few  bubbles  of  carbon 
dioxide  passed  in  to  remove  excess  of  baryta, 
again  boiled  and  filtered.  The  solution  should 
contain  about  20  grams  of  solid  matter  per  litre, 
and  must  be  kept  in  vessels  to  which  the  air 
has  free  access,  for  if  kept  in  closed  vessels  it 
undergoes  fermentation  and  is  decolourised. 
The  colour  is  restored  when  the  liquid  is  exposed 
to  air.  It  has  been  recommended  to  evaporate 
the  solution  to  dryness  at  90°  and  dissolve  the 
residue  in  glycerol  (Ph.  Centralhalle,  N.S.  3, 
171).  The  colour  of  the  solution  should  be 
purple  ;  it  turns  blue  with  alkalis,  and  red 
with  acids,  and  is  affected  by  carbon  dioxide, 
sulphur  dioxide,  and  hydrogen  sulphide.  In 
order  to  avoid  the  slight  error  due  to  the  fact 
that  a  small  quantity  of  acid  or  alkali  is  required 
to  produce  the  colour  change,  Mohr  recommends 
the  use  of  red  litmus  in  cases  where  the  end 
reaction  will  be  red,  and  blue  litmus  in  cases 
where  the  end  reaction  will  be  blue.  He  also 
recommends  the  addition  of  litmus  to  the  bulk 
of  the  standard  acid  and  alkali  in  order  to  avoid 
mistakes  in  using  them. 

The  colour  change  is  rendered  more  delicate 
by  conducting  the  titration  in  the  monochro- 
matic light  obtained  by  heating  a  bead  of  sodium 
carbonate  in  a  Bunsen  rtame  (L.  Henry,  C.lt. 
70,  222).  The  red  solution  seems  colourless, 
whilst  the  blue  solution  is  almost  black. 

Cochineal  was  first  recommended  by  Luckow 
(J.  pr.  81,  424;  Fr.  1,  386).  3  grams  of  the 
substance,  which  should  not  be  pulverised,  is 
extracted  with  250  c.c.  of  a  mixture  of  1  volume 
of  alcohol  with  3-4  volumes  of  water.  It  is 
yellowish-red  with  acids,  and  purple  with 
alkalis,  and  is  not  affected  by  carbon  dioxide. 
It  is  highly  sensitive,  and  can  be  used  in 
very  dilute  solutions.  With  this  indicator 
the  carbonates  of  the  alkaline  earths  have  an 
alkaline  reaction. 


Methyl  orange,  or  Poirrier's  Orange  III. 
(Dimethylanilinediazobenzenesulphonic  acid), 
recommended  by  W.  v.  Miller  (B.  11,  460;  see 
also  Lunge,  B.  11,  1944;  S.  C.  I.  1,  16),  has  the 
advantage  that  it  is  not  affected  by  carbon 
dioxide  or  hydrogen  sulphide,  and  the  alkaline 
carbonates  and  sulphides  can  therefore  be 
titrated  in  the  cold.  The  presence  of  normal 
alkaline  salts  affects  the  delicacy  of  the  reac- 
tion, and  0-1-0-3  c.c.  of  normal  acid  is  re- 
quired to  produce  the  colour  change.  1  gram  of 
the  substance  is  dissolved  in  1000  e.c.  of  water. 
It  is  pale-yellow  in  alkaline  solutions,  and  pink 
with  acids  ;  it  is  neutral  to  many  normal  salts 
which  are  acid  or  alkaline  to  litmus. 

Phenol  phthalein,  obtained  by  heating  phenol 
with  phthalic  anhydride  and  sulphuric  acid 
(Baeyer,  A.  202,  69),  is  extremely  sensitive  to 
alkalis,  with  which  it  gives  a  red  colour,  and 
can  be  used  in  very  dilute  solutions  (B.  Luck, 
Fr.  16,  322).  It  is,  however,  affected  by  carbon 
dioxide  and  sulphur  dioxide,  hydrogen  sulphide, 
&c.  With  excess  of  acid  the  solution  is  colour- 
less. One  gram  of  the  phenol  phthalein  is  dis- 
solved in  500  c.c.  of  dilute  alcohol. 

Aurin,  obtained  by  the  action  of  sulphurio 
acid  on  a  mixture  of  oxalic  acid  and  phenol, 
is  colourless  with  acids,  but  pink  with  alkalis. 
It  is  very  sensitive,  and  is  especially  useful  in 
the  titration  of  dilute  solutions  of  barium 
hydroxide,  as  in  Pettenkofer's  method  for  the 
estimation  of  carbon  dioxide  in  the  air.  It  is 
aiYected  by  carbon  dioxide  and  hydrogen  sul- 
phide. One  gram  of  the  aurine  is  dissolved  in 
500  c.c.  of  dilute  alcohol. 

Phenacetolin,  recommended  by  Degcner  (Zeit. 
d.  Ver.  f.  d.  liiibenzucker  Industrie,  1881,  357; 
S.  C.  I.  1,  85),  is  prepared  by  boiling  together  for 
several  hours  equal  molecular  proportions  of 
13henol,  acetic  anhydride,  and  sulphuric  acid. 
The  product  is  extracted  with  water  to  remove 
excess  of  acid,  dried  and  dissolved  in  alcohol  in 
the  proportion  of  1  gram  to  500  c.c.  It  is  pale- 
yellow  with  alkalis,  red  with  carbonates  of  the 
alkalis  and  alkaline  earths,  colourless  with  acids. 

Lackmoid,  a  colouring  matter  very  similar  to 
litmus,  is  obtained  by  heating  gradually  to 
llO'^C.  a  mixture  of  100  parts  resorcinol,  5  parts 
sodium  nitrite  and  5  parts  water.  When  the 
violent  reaction  moderates,  the  mass  is  heated  to 
115°-12  3°  until  evolution  of  ammonia  ceases. 
The  product  is  a  glistening  reddish  powder,  in- 
soluble in  chloroform,  benzene,  and  light  petro- 
leum, easily  soluble  in  methyl,  ethyl,  and  amyl 
alcohol,  less  soluble  in  water  and  ether  (M.  C. 
Traub  and  C.  Hock,  B.  17,  2615).  Its  colour 
changes  are  similar  to  those  of  litmus,  but  it  is 
more  sensitive.  One  gram  of  lackmoid  is  dis- 
solved in  500  c.c.  of  dilute  alcohol. 

Turmeric  contains  a  yellow  colouring  matter 
which  gives  a  dark-brown  colouration  with 
alkaline  hydroxides  and  may  be  used  in  the 
form  of  paper  in  titrating  with  caustic  alkalis 
(Pettenkofer).  The  root  is  extracted  with  water 
in  order  to  remove  a  yellow  colouring  matter 
insensitive  to  alkalis,  and  the  residue  is  treated 
with  alcohol.  Strips  of  unsized  paper  are 
steeped  in  the  alcoholic  solution  and  dried. 

Other  indicators  which  have  been  proposed, 
but  which  have  no  special  advantages  and  have 
not  come  into  general  use,  are  hematoxylin 
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(Wildenstein,  Fr.  2,  9) ;  cyanin  (Schonbein,  J. 
pr.  95,  449)  ;  tincture  of  barwoocl  (Stolba,  Fr.  14, 
324) ;  alizarin  (Schaal,  B.  6,  1180);  fiuorescein 
(Kriiger,  B.  9,  1572)  ;  ferric  salicylate  (Weiske, 
J.  pr.  N.S.  12,  157)  ;  tincture  of  oranges  (Born- 
triiger,  Fr.  17,  459) ;  flavescin  (Lux,  Fr.  19,  457) ; 
nitrophenol  (Langbeck,  C.  N.  ii,  101)  ;  the  pro- 
duct obtained  by  fusing  tetra-liydroelagic  acid 
with  potash  (Oser  and  Kalmann,  M.  2,250);  Poir- 
rier's  soluble  blue  C4B  (Engel,  C.  K.  102,  214)  ; 
dimethylazoamidobenzene  (Fischer  and  Philipp, 
C.  Z.  56,  998),  and  Congo  red.  "Many  of  the 
azo-  colours  can  likewise  be  used  (W.  v.  Miller, 
B.  11,  460). 


The  indicators  differ  not  only  in  the  nature 
of  the  colour  change,  but  also  in  their  behaviour 
with  different  substances.  Many  normal  salts 
which  are  acid  or  alkaline  to  litmus  are  neutral 
to  methyl  orange  or  phenol  phthalein.  Some 
substances  which  are  acid  to  methyl  orange  are 
neutral  to  phenol  phthalein,  and  so  on. 

The  relative  sensitiveness  of  the  more  im- 
portant indicators  and  their  behaviour  under 
various  conditions  have  been  investigated  by 
Wieland  (B.  16),  and  especially  by  Thomson 
(C.  N.  47,  123,  135,  ]  84  ;  49,  32,  38,  119  ;  52,  18, 
29),  whose  results  are  summarised  in  the  fol- 
lowing table : — 


Litmus 

Laekmoid 

Aurin 

Methyl  Orange 

Phenacetolin 

Phenolphthalein 

Sensitiveness  . 

0-05 

0-01 

001 

0-05 

0-01 

0-01 

Hot  solutions     ,  . 

Available  . 

Av.ailable 

Ammonia  . 

Available  . 

Aval  able 

Available 

Available  .  . 

Available  . 

Not  available 

Ammonium  salts 

Not  affected 

Not  affected . 

Less  sensitive 

Less  sensitive 

Not  affected  . 

Not  available 

Neutral  allialiue  salts 

Not  .affected 

Not  affected . 

Not  affected  . 

Less  sensitive 

Not  affected  . 

Not  affected 

Carbon  dioxide  . 

Indefinite  . 

Indefinite 

Indefinite 

Not  affected  . 

Colour  changed 

Indefinite 

Hydrogen  snlpliide  . 

Indefinite  . 

Decolourised. 

Indefinite 

Not  affected  . 

Not  affected  . 

Indefinite 

AlJvaline  carbouates  , 

Indefinite  . 

Indefinite 

Indefinite 

Alkaline 

Red  colour 

Alkaline 

Alkaline  bicarbonatcs 

Indefinite  . 

Indefinite 

Indefinite 

Alkaline 

Neutral 

Sulpliites 

Indefinite  . 

A'kaline 

Neutral . 

Alkaline 

Not  available  . 

Neutral 

Acid  sulphites  . 

Indefinite 

Neutral . 

Acid 

Neutral . 

Not  av.ailable  . 

Acid 

Silicic  acid 

Neutral 

Neutral . 

Neutral . 

Neutral  . 

Neutral  . 

Not  available 

Alumina     .  . 

Indefinite  . 

Alkaline 

Indefinite  . 

Alkaline. 

Neutr.al  . 

Neutral 

Boric  acid  . 

Indefinite  . 

Indefinite 

Indefinite 

Neutral  , 

Indefinite 

Indefinite 

Sodium  thiosulpliate  . 

Neutral 

Neutral . 

Neutral . 

Neutral . 

Neutral  , 

Neutral 

Sulpiiides  . 

Alka'ine 

Not  avai'ab'e 

Alkaline 

Alkaline  . 

Alkaline 

Hydrosulphides  . 

Indefinite  . 

Not  available 

Alkaline 

Neutral 

Potassium  nitrite 

Neutral 

Neutriil . 

Destroyed 

Neutr.al  . 

Neutral 

Oxalic  acid  . 

Availab'.e  . 

Not  availab'e 

Available 

Not  available 

Not  available  . 

Available 

Phosphoric  acid  . 

Indefinite  . 

Monobasic  . 

Indefinite 

Monobasic  . 

Indefinite 

Dib.asic 

Ai-senic  acid 

Indefinite  . 

Monobasic  . 

Indefinite 

Monobasic  . 

Monobasic 

Dibasic 

Avseiiious  acid  . 

Neutral 

Neutral . 

Indefinite 

Neutral  . 

Neutral  . 

Indefinite 

Phenol. 

Neutral 

Neutral . 

Neutral . 

Neutral . 

Neutral  . 

Indefinite 

The  sensitiveness  is  measured  in  c.c.  of 
decinormal  acid  required  to  pi'oduce  a  distinct 
change  when  the  volume  of  tiie  liquid  is  100  c.c. 
Where  a  reaction  is  given  as  'indefinite,'  it  is 
not  meant  that  there  is  no  effect,  but  that  the 
change  is  not  sufficiently  sharji  to  be  available 
in  analysis.  In  many  cases  where  the  reaction  is 
indefinite  in  cold  solutions  it  becomes  definite  if 
the  liquid  is  boiled,  e.g.  litmus  with  sulphides, 
sulphites,  and  carbonates ;  phenol  phthalein 
with  sulphides  and  carbonates.  Lackmoid  is 
most  serviceable  in  the  form  of  paper,  and 
several  of  the  reactions  which  are  unsatisfactory 
with  the  solution  are  sharp  and  distinct  with 
the  paper,  e  g.  with  carbonates,  sulphides  and 
sulphites. 

Gawalowski  recommends  (Fr.  22,  397)  the 
use  of  a  mixture  of  methyl  orange  and  phenol 
phthalein,  which  is  deep-red  with  excess  of 
alkali,  pale-yellow  when  neutral,  and  rose-red 
with  excess  of  acid. 

Determination  of  total  alkali.  A  weighed 
quantity  of  the  substance  (10  grams)  is  dissolved 
in  water,  filtered  if  necessary,  and  diluted  to 
500  c.c.  50  c.c.  is  withdrawn,  mixed  with  a 
measured  excess  (25  c.c.)  of  normal  acid, 
boiled  gently  for  ten  minutes  to  expel  car- 
bon dioxide,  and  the  excess  of  acid  deter- 
mined with  standard  alkali.  The  volume 
of  standard  acid  minus  the  excess  of  acid 
gives  the  volume  of  acid  required  to  neutral- 
ise the  total  alkali,  i.e.  the  alkali  present  as 
hydroxide,  carbonate,  sulphide,  sulphite,  thio- 
6ulphate,aluminatc  and  silicate.  If  methyl  orange 


is  used  as  indicator,  boiling  is  unnecessary,  and 
the  alkaline  solution  is  titrated  directly  with 
standard  acid.  If  direct  titration  with  litmus 
as  indicator  is  preferred,  the  solution  must  be 
boiled  after  each  addition  of  acid  in  the  manner 
described  above  for  the  preparation  of  the 
standard  acid. 

Alkaline  hydroxide  in  presence  of  carbonate. 
100  c.c.  of  the  above  solution  is  heated,  mixed 
with  excess  of  barium  chloride,  allowed  to  cool, 
diluted  to  250  c.c.  and  well  shaken.  When  the 
preoijoitate  has  settled,  50  c.c.  of  the  clear  liquid 
is  withdrawn  and  titrated  with  standard  acid. 
The  quantity  of  acid  used  x  25  gives  the  volume 
equivalent  to  the  hydroxide  in  the  weight  of 
substance  originally  taken.  The  reaction  which 
takes  place  is  expressed  by  the  equation 

.rM.CO, -f  yMOH -f  {x  +  |jBaCl,  -  aBaCO^ 

+  |BaH,0,-f  (2a; -I- 2/)  MCI. 

The  barium  carbonate  is  precipitated  and  a 
quantity  of  barium  hydroxide  equivalent  to  the 
alkaline  hydroxide  remains  in  solution.  The 
solution  cannot  be  filtered,  since  the  barium 
hydroxide  would  absorb  carbon  dioxide  from 
the  air  with  formation  of  the  insoluble  car- 
bonate. 

In  order  to  avoid  error  due  to  the  presence  of 
the  precipitate,  and  to  economise  time,  Watsoa 
Smith  (S.  C.  I.  1,  85)  prefers  to  add  just  suffi- 
cient barium  chloride  to  precipitate  the  car- 
bonate without  affecting   the  liydroxide.  No 
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barium  remains  in  solution,  and  even  if  carbon 
dioxide  is  absorbed  the  all^aline  carbonate 
formed  remains  in  solution.  Tlie  barium 
chloride  is  added  gradually  to  the  hot  solution 
until  precipitation  is  just  complete,  and  the 
li(iuid  is  tillered  into  a  250  c.c.  fiask  and  an 
aliquot  portion  titrated. 

Thomson  (I.e.)  proposes  to  precipitate  with 
excess  of  barium  chloride,  tlicn  add  phenol 
phthalcin  and  titrate  at  once  with  standard  acid. 
The  precipitated  barium  carbonate  is,  however, 
attacked  by  the  acid,  and  hence  the  results  are 
inaccurate. 

Carbonate  in  presence  of  hydroxide.  The 

solution  is  coloured  a  very  faint  yellow  with 
]ilionacetoIin,  and  standard  acid  is  added  imtil 
tiic  yellow  colour  changes  to  a  rose  tint.  Tlie 
volume  of  acid  required  gives  the  amount  of 
hydroxide  present.  A  fuither  quantity  of  acid 
is  now  added,  and  the  red  colour  increases  in 
intensity,  but  eventually  changes  to  yellowish- 
red,  and  finally  to  golden-yellow.  At  this  point 
a  second  reading  is  taken,  and  the  difference 
between  this  and  the  first  reading  gives  the 
volume  of  acid  corresponding  with  the  carbonate 
present  (Lunge,  S.  C.  I.  1,  5I>).  This  method  is 
not  available  for  the  estimation  of  small  quan- 
tities of  hydroxide  in  presence  of  large  quantities 
of  carbonate  (Thomson). 

In  order  to  estimate  the  proportion  of  car- 
bonate in  quick-lime  or  slaked  lime,  the  purpose 
for  which  phenacetolin  was  originally  recom- 
mended byDegener,  100-150  grams  of  the  lime 
is  made  into  a  cream  with  water  and  diluted 
to  500  c.c.  After  vigorous  agitation  100  c.c.  is 
withdrawn  and  diluted  to  1,000  c.c,  and  25  c.c. 
of  this  liquid  is  taken,  mixed  with  phenacetolin, 
and  standard  acid  added  until  a  pale-rose  tint  is 
obtained.  In  order  to  estimate  both  hydroxide 
and  carbonate,  the  substance  is  dissolved  in 
standard  acid  and  the  excess  of  acid  deter- 
mined by  reverse  titration  in  the  usual  way 
(Lunge,  I.e.). 

Acid  carbonate  in  presence  of  Normal  car- 
bonate. The  cold  and  dilute  solution  of  normal 
carbonate  and  acid  carbonate  is  mixed  with 
phenol  phthalein  and  standard  acid  added  until 
the  liquid  becomes  colourless.  At  this  point, 
which  corresponds  with  the  complete  conversion 
of  the  normal  carbonate  into  acid  carbonate,  the 
volume  of  acid  added  is  read  off.  The  liquid  is 
tlien  boiled  and  acid  is  added  gradually  until  the 
solution  remains  colourless  even  after  long 
boiling,  and  the  volume  of  acid  is  again  read  off. 
If  X  represents  the  first  reading,  and  y  the 
second  reading,  then  '2x  =  the  normal  carbonate, 
and  y  —  2x  =  the  acid  carbonate  (Warder,  A.C.J.  3). 

Lunge  (S.C.I.  1,  57)  proposes  a  dili'erent 
method  based  on  the  reaction  — 

.rM,CO,-l- yMHCO, -I- zNH, -Kr-l- j/)BaCU= 

( 2x-t- j/)IMGl -I- !/N  H,G1 -t- (j: -l-;/)I3a00j -Ki- !/)NH^. 

The  solution  to  be  tested  is  mixed  with  a  mea- 
sured excess  of  standard  (half  normal)  ammonia, 
excess  of  barium  chloride  added,  and  tlie  liiiuid 
diluted  with  recently  boiled  water  to  a  definite 
volume.  When  the  precipitate  has  settled,  an 
aliquot  portion  of  the  clear  liquid  is  withdrawn 
and  titrated  with  standard  acid  in  order  to  as- 
certain the  excess  of  ammonia.  The  difference 
between  the  volume  of  ammonia  added  and  that  | 
remaining  after  precipitation  gives  the  volume  , 


corresponding  with  the  quantity  of  acid  carbon- 
ate in  the  liquid  analysed. 

Ammonia,  In  order  to  determine  the  quan- 
tity of  free  ammonia  in  a  solution  of  the  gas,  an 
accurately  measured  quantity  (10  c.c.)  of  the 
liquid  is  transferred  to  a  light-tared  flask  and 
weighed.  This  gives  at  once  the  weight  taken 
for  analysis  and  the  sp.gr.  The  liquid  is  then 
titrated  with  standard  acid  in  the  usual  way, 
using  litmus,  lackmoid,  or  methyl  orange  as 
indicator. 

Ammonia  in  combination  is  determined  by 
boiling  the  substance  with  sodium  hydroxide, 
leading  the  ammonia  into  a  measured  excess  of 
standard  acid,  and  determining  the  residual  acid 
with  standard  alkali.  The  substance  is  weighed 
into  a  flask  fitted  with  a  cork,  through  one  hole 
in  which  passes  a  pipette  containing  a  strong 
solution  of  sodium  iiydroxide,  whilst  through 
another  passes  a  tube  leading  to  a  flask  or  bulb 
U-tube  containing  a  known  volume  of  standard 
acid.  The  fiask  or  U-tube  is  fitted  with  a  cork 
which  carries  a  calcium  chloride  tube  containing 
beads  moistened  with  some  of  the  acid  in  order 
to  insure  complete  absorption  of  the  ammonia. 
After  addition  of  the  sodium  hydroxide  solution 
the  liquid  is  gently  boiled  for  half  an  hour,  and 
the  residual  acid  determined.  From  the  volume 
of  acid  which  has  combined  with  the  ammonia 
the  quantity  of  the  latter  is  readily  calculated. 

Hydrochloric,  Hydrobromic,  Hydriodic,  Sul- 
phuric, Nitric,  and  Oxalic  acids  are  readily 
estimated  by  direct  titration  witli  standard  alluili. 

Tartaric,  Citric,  Acetic,  and  Lactic  acids 
can  likewise  be  titrated  accurately  with  standard 
alkali  if  phenol  phthalein  is  used  as  the  indicator 
(Thomson,  I.e.). 

Boric  acid  gives  no  very  definite  reaction 
with  the  majority  of  indicators,  but  it  is  quite 
neutral  to  methyl  orange,  and  hence  the  quantity 
of  alkali  in  alkaline  borates  can  be  accurately 
estimated  by  direct  titration  with  standard  acid 
if  metliyl  orange  is  used  as  indicator  (Thomson). 

Sulpliurous  acid  can  be  titrated  directly  if 
methyl  orange,  phenol  phthalein  or  aurin  is 
used  as  indicator  (Lunge,  1).  P.  J.  250,  630). 
With  methyl  orange  the  hydrogen  sulphite 
MllriO.,  is  the  neutral  salt,  whilst  with  the 
other  two  indicators  the  normal  salt  is  neutral. 
This  difference  can  be  utilised  for  the  determi- 
nation of  the  relative  proportions  of  normal  and 
acid  sulphite  in  the  same  solution  (Blarez,  C.  R. 
103,  09  ;  C.  J.  Abstracts,  1880,  918).  Soda  or 
potash  must  be  used,  since  ammonia  gives  in- 
accurate results. 

Selenious  acid  can  be  titrated  with  standard 
barium  hydroxide.  It  is  monobasic  with  me- 
thyl orange,  and  dibasic  with  phenol  plithalein. 
This  difference  can  be  utilised  for  the  estimation 
of  selenious  acid  in  presence  of  other  acids,  if 
the  total  basicity  of  the  latter  is  indicated  by 
methyl  orange  (Blarez,  C.  E.  103,  804  ;  C.  J. 
Abstracts,  1887,  10(5). 

Phosphoric  and  Arsenic  acids  are  monobasic 
with  methyl  orange,  and  dibasic  with  phenol 
phthalein  (Joly,  C.  R.  94,  529  ;  C.  J.  Abstracts, 
1882,  092).  These  acids  can  be  most  accurately 
titrated  with  barium  hydroxide,  using  phenol 
phthalein  as  indicator.  Towards  the  close  of 
the  reaction,  time  must  be  allowed  for  the 
gelatinous  tribarium  phosphate  to  change  into 
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the  crystalline  dibavium  salt  (Joly,  C.  R.  102, 
316;  C.J.  Abstracts,  1886,  418).  Advantage 
can  be  taken  of  the  different  basicity  with  me- 
thyl orange  and  phenol  phthale'in  to  estimate 
phosphoric  acid  in  presence  of  monobasic  acids 
such  as  hydrochloric  acid  (Joly,  C.  R.  100,  55 ; 
C.J.  Abstracts,  1885,  348). 

Carbonic  acid  in  solution  is  estimated  by 
adding  excess  of  ammonia  and  calcium  chloride. 
The  liquid  is  then  boiled,  and  the  precipitated 
calcium  carbonate  collected,  well  washed,  and 
dissolved  in  a  measured  excess  of  standard  hydro- 
chloric acid,  the  excess  of  acid  being  determined 
by  means  of  standard  alkali,  after  boiling  to 
expel  carbon  dioxide.  The  volume  of  normal 
acid  actually  used  x  0-022  gives  the  quantity  of 
carbon  dioxide. 

Insoluble  carbonates  are  weighed  into  a  flask 
fitted  with  a  cork  which  carries  a  bulb  and  de- 
livery tube.  The  bulb  contains  moderately  strong 
hydrochloric  acid,  which  is  allowed  to  drop 
slowly  on  the  carbonate,  and  the  evolved  gas  is 
led  into  a  flask  containing  strong  ammonia 
solution.  This  _  flask  is  closed  with  a  cork, 
through  which  passes  the  delivery  tube,  which 
ends  just  above  the  surface  of  the  liquid.  The 
cork  also  carries  an  exit  tube  filled  with  glass 
beads  moistened  with  ammonia  to  arrest  the 
last  traces  of  carbon  dioxide.  When  all 
the  gas  has  been  expelled  from  the  carbonate 
the  ammonia  is  mixed  with  calcium  chloride, 
boiled,  and  the  precipitate  treated  as  above.' 
With  slight  modiiication  this  process  can  be 
adapted  to  the  estimation  of  carbon  dioxide  in 
aerated  waters. 

A  direct  estimation  of  carbon  dioxide  by 
weight  is  made  by  placing  the  substance  in  a 
light  liask  fitted  with  a  cork  which  carries  a 
bulb  containing  acid  to  decompose  the  carbonate 
and  a  tube  containing  calcium  chloride  to  dry 
the  gas.  The  apparatus  is  weighed  with  the 
acid  in  the  bulb,  etc.,  after  a  known  weight  of 
carbonate  has  been  introduced.  The  acid  is  then 
allowed  to  drop  on  the  carbonate,  and  when  de- 
composition is  complete  the  liquid  is  boiled  for 
two  or  three  minutes  to  expel  dissolved  gas,  and 
a  current  of  air  is  drawn  through  the  apparatus. 
The  apparatus  is  again  weighed,  and  the  loss 
of  weight  gives  the  amount  of  carbon  dioxide. 
For  various  forms  of  apparatus  see  Mohr's  Ti- 
trirmethode,  Fresenius'  Quanti'ative  Analysis,  or 
Sutton's  Volumetric  Analysis.  When  the  car- 
bonate is  dillicidt  to  decompose,  it  is  better  to 
absorb  the  evolved  gas,  after  di-ying,  in  bulbs  or 
tubes  containing  potash  solution  or  soda  lime, 
the  increase  in  weight  giving  the  amount  of 
carbon  dioxide.  A  very  complete  form  of 
apparatus  for  this  purpose  is  described  by 
Classen  (Fr.  15,  221).  Scheibler's  method  of 
estimation  by  measuring  the  volume  of  gas 
evolved  is  described  in  Fresenius'  Quantitative 
Analysis,  vol.  i. 

Combined  acids  in  salts  may  be  estimated 
with  approximate  accuracy  by  adding  to  a  solu- 
tion of  the  salt  a  measured  excess  of  sodium 
hydroxide  or  carbonate.  The  liquid  is  boiled, 
allowed  to  cool,  and  diluted  to  a  definite  volume. 
When  the  precipitate  has  settled,  an  alicjuot 
portion  of  the  clear  liquid  is  withdrawn,  and  the 
excess  of  alkali  determined  by  titration.  From 
the  volume  of  alkali  used  the  proportion  of  acid 


in  the  salt  is  calculated.  In  order  to  avoid  the 
error  due  to  the  presence  of  the  precipitate,  the 
liquid  may  be  filtered  before  diluting  to  a  definite 
volume,  but  methyl  orange  or  cochineal  must  be 
used  as  indicator  in  order  to  avoid  any  error 
from  carbon  dioxide  absorbed  from  the  at- 
mosphere. Salts  of  copper,  silver,  mercury, 
cobalt,  nickel,  iron,  and  chromium  are  precipi- 
tated with  sodium  hydroxide  ;  salts  of  calcium, 
barium,  strontium,  magnesium,  aluminium,  zinc, 
bismuth,  and  manganese,  with  sodium  car- 
bonate. 

KiefFer's  method  is  useful  for  coloured  solu- 
tions, or  in  presence  of  normal  salts  with  acid 
reactions  (A.  93,  386).  00  grams  of  crystallised 
cupric  sulphate  is  dissolved  in  water,  mixed  with 
ammonia  until  the  precipitate  is  almost  but  not 
quite  dissolved,  diluted  to  about  900  c.c,  allowed 
to  stand  for  some  time,  and  the  clear  liquid 
siphoned  off,  or  filtered  through  glass-wool,  and 
diluted  to  1000  c.c.  If  any  further  precipitate 
forms  it  must  be  siphoned  or  filtered  olf.  If  the 
so!  ution  of  cuprammoni  urn  sulphate  thus  obtained 
is  added  to  an  acid  liquid,  so  long  as  the  acid 
is  in  excess  an  ammonium  salt  and  cupric  sul- 
phate are  formed,  but  as  soon  as  the  free  acid 
is  neutralised,  the  ammonia  in  a  fresh  quantity 
of  cuprammonium  sulphate  reacts  on  the  cupric 
sulphate  already  in  the  liquid  and  produces  a 
precipitate  of  a  basic  salt,  the  formation  of 
which  indicates  the  point  of  saturation.  The 
precipitate  is  most  readily  seen  against  a  black 
background.  In  order  to  standardise  the  liquid, 
10  c.c.  of  normal  sulphuric  acid  is  placed  in  a 
flask  or  beaker  and  Kieffer's  solution  added  until 
a  permanent  precipitate  is  produced,  and  from 
the  volume  of  solution  required,  its  strength  in 
terms  of  normal  acid  is  readily  calculated.  The 
strength  of  the  solution  gradually  diminishes, 
and  it  must  be  titrated  from  time  to  time.  In 
making  an  actual  determination,  the  Kieffer's 
solution  is  added  to  the  liquid  to  be  tested  until 
a  permanent  precipitate  is  formed.  The  method 
is  not  very  accurate,  owing  mainly  to  the  fact 
that  the  precipitate  is  not  quite  insoluble  in 
solutions  of  ammonium  salts,  and  therefore  the 
end  reaction  does  not  take  place  until  the  liquid 
is  saturated  with  the  basic  salt.  The  mag- 
nitude of  the  error  depends  on  the  concentration 
of  the  solution.  When  the  liquids  to  be  titrated 
contain  barium,  strontium,  etc.,  the  Kieiier's 
solution  must  be  prepared  with  cupric  nitrate. 

Richter  has  recommended  potassium  bichro- 
mate as  a  standard  solution  for  the  estimation 
of  alkalis,  phenol  phthalein  being  used  as  in- 
dicator (Fr.  21,  205). 

Schultze  has  determined  the  rates  of  expan- 
sion of  standard  solutions  of  acids  and  alkalis 
and  other  solutions  employed  in  volumetric 
analysis  (Fr.  21,  170).  The  following  are  the 
results  for  average  temperatures  : — 


Oxa"ic  Aciil 

Hydrocli'oric 
Aciil 

Nitric  Acid 

0° 

1000000 

■  1000000 

1000000 

10° 

1000993 

1001010 

1001800 

15° 

1001940 

1001905 

1003050 

20° 

1003125 

1003013 

1004490 

25° 

1004500 

1004328 

100G120 

AERATED 


bulpliuric  Ji-Ciu 

0  a 

0° 

1000000 

1000000 

1000000 

10° 

1001720 

1001880 

1002050 

15° 

1002915 

1003130 

100:',365 

20° 

100l:i85 

10045(;5 

10018-18 

25° 

1005090 

1006165 

1006510 

Bibliographrj.  —  Mohr's  Chemisch-Analyti- 
Bche  Titrirmetliode,  6th  ed.  1886  ;  Sutton's 
Volumetric  Analysis,  5th  ed. ;  Fresenius'  Quan- 
titative Chemische  Analyse,  V.  2,  6th  ed. ; 
Lunge  andHurter's  Alkali-maker's  Pocket  Book. 

C.  H.  B. 

ACID    MAGENTA    v.  Tbipiienylhethane 

COLOURING  MATTEKS. 

ACID  VIOLET  V.  Tkiphenylmethane  colour- 
ing MATTEKS. 

ACID  YELLOW  v.  Azo-  colouring  matters. 

ACONITE,  ACONITINE  v.Veoeto-Alkaloids. 

ACORUS  CALAMUS.  The  common  sweet 
flag.  The  root  is  used  by  distillers  to  flavour 
gin,  and  the  essential  oil  by  snuff-makers  for 
scenting  snuff.  It  contains  a  glucoside  termed 
Acorin  C.„fi,„0^  (Faust,  Bl.  [2]  9,  392  ;  Thorns, 
Ar.  Ph.  [31  24,  405)     {v.  Calamus). 

ACRIDINE  C,.,H,jN.  Crude  anthracene  con- 
tains basic  substances,  and  among  them  acri- 
dine,  which  can  be  isolated  by  extracting  it  with 
dilute  sulphuric  acid  and  adding  potassium  bi- 
chromate to  the  acid  solution.  The  precipitated 
acridine  chromate  is  then  recrystallised  from 
water,  treated  with  ammonia,  and  the  base  crys- 
tallised from  hot  water  (Graebe  and  Caro,  A. 
158,  265  ;  B.  13,  99). 

Acridine  has  also  been  obtained  syntheti- 
cally by  passing  the  vapours  of  orthotolylaniline 
and  of  orthoditolylamine  through  a  tube  heated 
to  dull  redness  (G.,  B.  17, 1370) ;  and  by  severally 
heating  formic  acid  and  diphenylamine  (Bernth- 
sen  and  Bender,  B.  16,  767,  1802),  chloroform, 
diphenylamine  and  zinc  oxide  (Fischer  and 
Korner,  B.  17,  101),  and  aniline  and  salicylalde- 
hyde  (Mohlau,  B.  19,  2451)  with  zinc  chloride. 

Pro25<')'<!'('s.— Acridine  crystallises  in  small 
colourless  needles,  or  four-sided  rhombic  prisms, 
sublimes  at  100°,  melts  at  111°,  boils  above  360° 
without  decomposition,  and  distils  with  steam. 
It  is  sparingly  soluble  in  hot  water,  but  readily 
soluble  in  alcohol,  ether  and  carbon  bisulphide, 
yielding  solutions  showing  a  blue  fluorescence. 
When  inhaled  either  as  dust  or  vapour  it  causes 
violent  sneezing,  and  in  solution  both  it  and  its 
salts  cause  much  irritation  on  the  skin.  On 
treatment  with  nitric  acid  it  yields  two  nitro- 
derivatives  (m.p.  =^  154°  and  214°)  and  a  dinitro- 
derivative  (G.  and  C.)  ;  potassium  permanganate 
oxidises  it  to  Pij.  2  :  3  quinolinedicarboxylio  acid 
C,,HjN(CO.,H)„,  and  sodium  amalgam  reduces  it 
to  hydroacridmc  C,.,H,,N  (B.  and  B.,  B.  16, 1971 ; 
G.,  B.  16,  2831).  The  salts  are  yellow  and  crys- 
tallise well,  but  are  decomposed  into  their  con- 
stituents on  boiling. 

Methylacridine  GuH||N  is  obtained  by  heating 
diphenylamine  and  acetic  acid  with  zinc  chloride 
(Besthorn  and  Fischer,  B.  16,  74 ;  compare 
Fischer,  B.  16,  1820),  and  crystallises  in  colour- 
less tabular  crystals  melting  at  114°. 

Plienylacridinc  C|,,H,3N  is  obtained  by  heat- 
ing diphenylamine  with  benzoic  acid  and  zinc 
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chloride  at  200°  (Bernthsen,  B.  15,  3012;  16, 
767,  1810),  and  melts  at  181°. 

ADAMANTINE  SPAR  v.  Corundum. 

ADAMINE.  A  hydrated  zinc  arsenate  fi-oni 
Chanarcillo,  Chili,  containing  39'85  jj.c.  As,0.„ 
54-32  ZnO,  1-48  FcO,  trace  MnO  and  4"-55 
water.    Its  sp.gr.  is  4-338  (Friedel,  Bl.  [2]  5,.433). 

ADANSONIA  DIGIfATA,  the  Baobab  tree, 
yields  a  fibre  which  has  been  used  in  paper- 
making.  Its  bark  (Gowik  Chentz  or  Churee 
Chentz)  is  said  by  Duchaissaing  to  be  a  useful 
substitute  for  cinchona  (Dymock,  Ph.  [3]  7,  3). 

ADIPIC  ACIDS  C„H,„0^.  The  fifth  term  of 
the  oxalic  acid  series  having  the  general  for- 
mula C„H.j„_„0|.  There  are  nine  possible  adipic 
acids,  all  of  which,  with  the  possible  exception 
of  one,  have  been  prepared.  Ordinary  adipic 
acid  is  produced  by  the  action  of  nitric  acid  on 
tallow,  suet,  and  other  fatty  bodies.  Adipic  acid 
crystallises  in  monoclinic  laminte,  melts  at  149°, 
!  and  sublimes  at  a  still  higher  temperature  (Wirz; 
A.  104,  257).  By  destructive  distillation,  espe- 
cially with  lime,  it  yields  butane  and  carbon 
dioxide,  C,H,„Oj  =  C^'H,„  +  2C0,.  It  is  slightly 
soluble  in  water  at  the  ordinary  temperature, 
and  has  a  great  tendency  to  form  supersaturated 
solutions  (Dieterle  and  Hell,  B.  17,  2221)  ;  readily 
soluble  in  hot  alcohol  and  ether.  It  forms  salts 
with  most  metals,  which  are  generally  soluble  in 
water  and  crystallisable. 

For  isomerides  of  adipic  acid,  v.  Watts'  Dic- 
tionary OF  Chemistry,  vol.  i.  p.  63. 

ADIPOCERE  (from  adcps,  fat;  and  cera, 
wax).  A  peculiar  waxy  -  looking  substance, 
formed  by  the  decomposition  of  animal  matter 
from  which  the  air  has  been  excluded.  It  was 
first  observed  by  Fourcroy  in  1786,  when  the 
Cimcliire  dcs  Innoccns  at  Paris  was  cleaned  out. 
A  large  number  of  coffins  had  been  piled  to- 
gether and  had  remained  for  many  years  ;  the 
corpses  in  many  of  these  were  converted  into  a 
saponaceous  white  substance.  According  to 
Ebert  (B.  8,  775)  adipocere  consists  chiefly  of 
a  mixture  of  fatty  acids,  glycerine  being  absent. 
On  saponifying  with  potash,  about  1  p.c.  am- 
monia escapes  and  an  insoluble  residue  (about 
6  p.c),  consisting  of  lime,  Ac,  from  tissues, 
remains.  A  mixture  of  potassium  salts  was  ob- 
tained, which  by  fractional  precipitation  with 
magnesium  acetate  yielded  mainly  jjalmitic  acid, 
also  a  small  quantity  of  margaric  acid,  hitherto 
only  formed  synthetically.  The  last  fraction, 
not  precipitable  by  magnesium,  but  by  lead 
acetate,  gave  oxymargaric  acid  (C, ,113,03).  Oleic 
acid  was  not  present. 

Of  late  years  the  formation  of  adipocere  from 
animal  matter  has  been  studied  in  glass  vessels 
tilled  with  water  (Ivratter).  It  is  not  a  decom- 
position product  of  albuminous  tissue  (Erman), 
but  is  formed  from  the  various  fats  present  in 
the  body  at  the  moment  of  death  (Zillner),  the 
fatty  matter  collecting  together,  after  some  time 
undergoing  further  decomposition,  eventually 
losing  its  glycerol  and  oleic  acid  (Zillner). 

AERATED  WATERS.  The  names  '  aerated ' 
or  '  mineral '  waters  are  applied  to  water  charged 
with  an  abnormal  quantity  of  gas,  usually  carbon 
dioxide.  Water  in  this  condition  exists  in  natu- 
ral springs  in  various  places,  as  at  Vichy,  Spa, 
Seltz  ;  or  it  may  be  produced  by  artificial  means. 
I  The  natural  springs  vary  in  character  from  the 
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fact  that  along  with  the  gas,  which  gives  more 
or  less  effervescence  to  their  waters,  other  ingre- 
dients enter,  giving  to  each  locality  its  claim  to 
specific  medicinal  eflicacy.  These  waters  being 
also  pleasant  and  refreshing  to  the  taste  are 
esteemed  as  beverages  alone  Among  arti- 
ficially produced  quasi-mineral  waters,  a  com- 
mon "form  is  tliat  of  the  Seidlitz,  prepared  from 
sodium  bicarbonate  and  tartaric  acid,  which  are 
kept  separate  until  required  for  use ;  on  the 
addition  of  water,  proportioned  to  the  quantity  of 
powder,  the  acid  reacts  on  the  bicarbonate,  and 
a  lively  effervescence  is  set  up  by  the  liberated 
carbonic  acid  gas.  Numerous  modifications  of 
the  seidlitz  powder  have  been  introduced  for 
public  sale  under  special  designations ;  they 
usually  consist  of  the  same  ingredients,  with 
the  addition  of  a  little  citric  acid. 

The  attempt  to  imitate  natural  medicinal 
spring- waters  appears  to  have  been  made 
about  two  hundred  years  ago,  but  it  was  only 


towards  the  close  of  the  last  century  that  tlie 
manufacture  began  to  assume  anything  like 
commercial  importance.  Within  the  last  few 
years  much  atteni  ion  has  been  paid  by  inventors 
to  the  cheap  and  expeditious  manufacture  of 
artificial  mineral  waters  and  aerated  beverages, 
and  to  the  bottling  and  other  processes ;  so 
much  so  that  the  applications  for  Letters  Patent 
under  the  title  '  Aerated  liquids  ;  mineral  waters; 
aerating,'  more  or  less  applicable  to  the  heading 
of  this  article,  were  —  in  1882,  live  ;  in  1883, 
three ;  in  1884,  twenty-one  ;  in  1885,  thirty- 
five ;  and  in  188G,  thirty-one.  'Bottle  and  jar 
stoppers,'  for  the  most  part  applicable  to  aerated 
waters,  in  1886  claim  184  inventors ;  and  '  Bottle- 
opening  and  unstoppcring,'  twenty-five.  Manu- 
factories of  these  drinks  are  now  found  in  almost 
every  town  in  the  kingdom. 

The  general  arrangement  of  the  apparatus 
employed  will  be  made  clear  from  the  following 
figure  : — 


Plan  op  a  Soda-wateb  Manufactoey. 


A.  Main  water-supply  from  well  or  waterworks. 

B.  Water  reserve. 

C.  Filter. 

D.  Pipe  and  branches  supplying  flltered  water  to  syrnp- 

boiler,  solution-tank,  and  soda-water  machine. 

E.  Steam  ca=ed  pan  for  boiling  syrups. 
FFF.  Mixing  and  coo!ing-pans  for  syrups. 

(JGG.  Felt  filtering-bags,  througli  wliicli  syrup  is  pa-ssert. 
II HH.  Tank  in  compartments  for  storing  filtered  syrups. 
III.  Syrup  junctions  and  pipes  supplying  syrup  pumps  at 

bottling-macliines. 
J.IJ.  Bottling-macliines. 

K.  Solution-pan  feeding  soda-water  macliine  with  either 
plain  water  from  filter  C,  or  soda  or  other  solution 
from  tank  L. 

L.  Soda-water  solution  tank  for  mixing  mineral  waters 

In  reference  to  E  and  X,  when  gas-engines 
are  used  as  the  motive-power,  and  no  steam  is 
available  for  boiling  syrup,  it  is  usual  to  em- 
ploy an  apparatus  heated  by  gas. 

It  will  be  noted  that  the  plant  here  figured  is 
adapted  to  produce  (1)  water  simply  charged 
under  pressure  with  gas ;  or  (2)  alkaline,  or 
(3)  sweetened  effervescing  drinks,  and  that 
any  of  these  can  be  made  at  the  will  of  the 
operator.  In  all  cases  carbonic  acid  gas  is 
evolved  in  the  generator  by  the  mixture  of  sul- 
phuric acid  with  chalk  or  whiting,  is  stored  in 
the  gasometer,  is  conveyed  to  the  condenser 
along  with  water  from  the  cistern,  and,  after 
solution,  is  thence  drawn  to  the  bottling  ma- 


which  requu-e  uo  syrup.  When  using  this  tank  the 
taji  M  is  clo<ed. 

M.  Tap  to  shut  oflt  p'ain  filtered  water  when  bottling  non- 
saccharine  beverages. 

N.  Soda-water  machine. 

0.  Condenser  containing  aerated  water,  to  which  pipes 

leading  to  bottling  machines  are  attached. 
P.  Whiting  bin. 
Q.  Whiting  shoot  to  generator. 
R.  Vitriol  cistern. 
S.  Gasometer. 
T.  Generator. 

U.  B'ow-back  prevention  acid  box. 
V.  Steam-ensine. 

X.  Steam-pipe  to  syrup  boiler  and  bottle-washing  ap- 
paratus. 

chines.  The  pressure  in  the  condenser  is  in- 
dicated by  a  gauge,  and  varies  with  the  beve- 
rages made ;  thus,  for  soda-wnter  a  pressure  of 
120  lbs.  to  140  lbs.  per  sq.  in.  is  required,  whilst 
for  sweetened  beverages  SO  lbs.  to  100  lbs.  is 
sufficient. 

The  generator  is  ordinarily  of  lead,  and  is 
either  vertical  or,  preferably,  horizontal,  and  is 
lifted  with  an  agitator  of  gun-metal  or  of  copper, 
to  mix  thoroughly  the  carbonate  of  lime  and 
acid.  Besides  two  openings  to  admit  these 
materials,  it  has  a  third  for  the  purpose  of 
their  removal  when  exhausted.  The  gas-holder 
is  simple  in  construction,  the  well  or  tank  being 
made  of  oak  well-hooped,  and  the  rising-bell  of 
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stout  sheet-copper,  tinned  within  and  without. 
To  prevent  the  bell  from  collapsing  when  the 
machine  is  working  and  the  gas  is  exhausted, 
it  is  often  fitted  with  a  valve. 

Although  not  absolutely  necessary,  it  is  ad- 
visal)le  to  use  a  gas-purifier  in  preference  to 
allowing  the  pas  to  bo  pumped  direct  from  the 
gas-holder.  The  purifier  is  simply  a  vessel  con- 
taining water  through  whicli  the  gas  passes.  The 
soda-water  machine  consists  of  one,  or,  in  large 
mxchinos,  two  pumps  which  simultaneously 
draw  the  gas  from  the  gas-holder  and  the 
water  from  the  cistern :  these  are  forced  into  the 
cylinder  or  condenser,  of  which  there  may  be  one 
or  two  constiucted  of  gun-metal,  tinned  inside 
and  fitted  with  water-gauge,  pressure-gauge,  and 
safety-valve.  These  cylinders  are  tested  in  large 
machines  to  as  much  as  .500  lbs.  pressure  to  the 
square  inch.  By  an  ingenious  arrangement, 
called  a  blow-back  escape  safety-valve,  the  excess 
of  gas  may  be  taken  back  instead  of  being  blown 
away,  thus  enabling  the  largest  machines  capable 
of  occupying  several  bottlers  to  be  so  regulated 
that  one  man  may  be  kept  comfortably  at  work 
without  the  machine  unduly  gaining  on  him. 
Huch  a  machine  having  two  2.7-inch  pumps, 
()-inch  stroke,  with  two  (3-gallon  cylinders  will 
l.eep  four  bottlers  at  work,  each  going  at  the  rate 
of  forty  dozen  per  hour  :  whilst  one  having  two 
3-inch  pumps,  7-inch  stroke,  and  two  12-gallon 
cylinders  will  employ  eight  bottlers  at  the  same 
rate. 

Beverages  flavoured  with  fruit  essences  or 
syrups,  such  as  lemonade,  are  produced  by  the 
admixture  in  regulated  quantities  of  such  syrups 
with  the  aerated  water,  by  means  of  the  pumps 
shown  in  the  figure.  Of  these  flavouring  com- 
jiounds  a  very  large  number  are  used  under 
different  names,  such  as,  oil  of  lemon,  essences 
of  lemon,  ginger,  capsicum,  horehound,  pear, 
vanilla,  orange,  raspberry,  cloves  and  various 
other  fruits  and  spices. 

The  tank  L  is  employed  when  saline  and 
other  solutions  are  required,  which  for  the 
most  part  are  imitations  of  the  waters  of  well- 
known  natural  mineral  springs,  or  are  approved 
medicinal  combinations. 

The  minor  appliances  of  the  industry,  such 
as  bottle-washing  machines,  bottling  machines 
and  their  accessories,  are  endless  in  number  and 
variety,  as  may  be  seen  by  a  reference  to  the  speci- 
fications of  patents.  A  determined  effort  has  been 
made,  and  with  great  success,  to  supersede  corks 
in  stoppering  bottles  containing  these  liquids,  on 
account,  partly,  of  convenience  to  the  consumer, 
but  chiefly  on  account  of  economy.  In  an 
estimate  of  the  total  cost  of  the  materials  used 
in  making  a  certain  quantity  of  soda-water, 
amounting  to  111.  is.  4d.,  no  less  than  11.  10s.  Od. 
is  set  down  to  the  account  of  corks.  Conse- 
(]uently  a  method  of  bottling  has  been  adopted 
whei'cin  the  neck  of  the  bottle  is  closed  by  the 
pressure  of  the  gas  within  it  liolding  a  marble  of 
glass,  plugs  of  wood,  or  other  stoi)pers  firmly  in 
ihe  mouth,  which  is  necessarily  smaller  than  the 
marble  or  plug.  When  it  is  required  to  open  the 
bottle,  the  stopper  is  pushed  down ;  whereupon  | 
the  contents  are  liberated.  By  these  and  similar 
contrivances,  the  cost  of  producing  these  bever- 
ages has  been  greatly  reduced  ;  and  probably  j 
fiom  this  cause,  as  well  as  from  a  change  in  the 


1  public  taste,  the  consumption  of  them  has  greatly 
increased  during  recent  years. 

.ffiRUGO.  (Verdigris  (.')  or  basic  carbonate  of 
copper.)  The  name  given  by  the  liomans  to  the 
green  rust  produced  on  copper  and  bronze  by  the 
united  action  of  the  oxygen  and  carbon  dioxide 
of  the  air.  It  was  considered  by  them  to  enhance 
the  beauty  of  their  bronze  statues.  The  same 
rust  forms  on  brass,  whicli  was,  however,  not 
used  by  the  Ilomans. 

.ffiSCULIN  i).  GmcosiDFS. 
AFRICAN  ELEMI  r.  Omo-Eesins. 
AFRICAN  FISH  OIL.    An  oil  of  unknown 
constitution,  sp.gr.  0-805  to  0-8G7.    It  will  not 
saponify  (Allen,  S.  C.  I.  2,51). 

AFRICAN  GREEN  or  EMERALD  GREEN  v. 

PiGMI'.NTS. 

AFRICAN  INCENSE  v.  Oleo-Eesins. 
AGALITE.  A  fibrous  magnesian  silicate  of  a 
white  colour,  with  a  slight  tinge  of  green  ;  found 
in  America.  It  is  somewhat  readily  reduced  to 
a  powder,  the  particles  composing  which  are 
fibrous.  Used  in  paper-making  to  impart  a  beau- 
tiful surface  and  gloss  to  the  paper  (Macadam, 
S.  C.  I.  C,  r2(i). 

AGAR-AGAR.  Bengal  Isinglass.  A  dried  sea- 
weed obtained  from  Singapore.  Consists  of 
Euchcuma  spinosum  ;  Spluci  ococcus  liclunoidcs, 
spinosus  and  tcnax. 

It  occurs  in  small,  transparent  strips,  and 
dii  solves  almost  entirely  in  water  to  a  gelatinous, 
tasteless  and  inodorous  jelly,  v.  Alq.e. 

AGATE.  {Achat,  Ger.)  A  natural  aggregate 
of  various  forms  of  crystalline,  crypto-crystal- 
line  and  colloidal  silica.  In  most  agates  these 
siliceous  minerals  are  arranged  in  alternating 
layers,  which  present  on  section  a  banded  ap- 
pearance, whence  the  agate  is  valued,  when 
cut  and  polished,  as  an  ornamental  stone. 
This  zoned  .structure  is  usually  the  result  of 
the  deposition  of  silica  in  successive  layers 
within  the  cavities  of  a  vesicular  rock.  In 
some  cases,  however,  the  deposition  has  been 
effected  in  fissures,  thus  forming  siliceous  veins, 
as  in  the  brecciated  agates  of  Saxony  and 
Bohemia.  In  other  cases  the  agates  may  occur 
in  the  cavities  of  stratified  rocks,  or  occupy  the 
spaces  between  the  pebbles  of  a  conglomerate  : 
such  are  the  agates  of  the  dolomitie  conglomerate 
and  the  '  potato  stones  '  of  the  Triassic  marls  of 
Somersetshire  (Trans.  Geol.  Soc,  ser.  II.  vol.  iii. 
p.  421).  Kupert  Jones  has  suggested  that  in 
many  cases  these  agates  liave  been  formed  by 
the  replacement  of  CaCO^  by  SiO.,  (Proc.  Geol. 
Assoc.  IV.  1S7C),  p.  454). 

The  artificial  de])osition  of  silica,  in  forms 
closely  resembling  those  of  certain  agates,  has 
been  effected  by  I'Anson  and  Pankhurst  (Min. 
Mag.  v.  1882,  p.  34).  A  strong  acid  is  intro- 
duced by  means  of  a  pipette  into  a  solution  of  an 
alkaline  silicate,  containing  a  certain  jsroportion 
of  alkaline  carbonate  ;  the  bubbles  of  carbon 
dioxide  set  fiee  become  coated  as  they  ascend 
with  gelatinous  silica,  which  forms  a  tube;  and 
by  continued  deposition  a  stalactiform  agate  is 
produced.  If  a  cavity  in  a  rock  were  filled  with 
a  solution  of  an  alkaline  silicate,  and  the  rock 
permeated  by  an  acid,  a  layer  of  amorphous 
hydrated  silica  would  be  deposited  upon  the 
walls  of  the  cavity,  and  through  this  gelatinous 
layer  further  deposition  might  gradually  proceed. 
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The  rocks  in  which  agates  typically  occur  are  I 
the  basic  igneous  rocks  known  as  basalt,  dolerite,  I 
diabase  and  melaphyre.  These  '  traps  '  are  ! 
essentially  plagioclase-augite  rocks.  In  many 
cases  they  present  a  vesicular  texture,  and  the 
vesicles  may  inclose  various  secondary  minerals 
resulting  from  the  decomposition  of  the  con- 
stituents of  the  rock.  Among  the  commonest  of 
these  alteration-products  is  the  green  earthy  j 
mineral  known  as  delessite,  a  hydrated  silicate 
of  aluminium,  iron,  and  magnesium,  probably 
a  product  of  the  decomposition  of  the  augite. 
Many  vesicles  are  simply  lined  with  this  green 
substance,  but  in  other  cases  the  delessite  be- 
comes covered  by  subsequent  mineral- deposits 
until  the  cavities  are  more  or  less  completely 
filled.  The  rock  thus  becomes  '  amygdaloidal,' 
a  term  suggested  by  the  fact  that  the  kernels  of 
mineral  are  usually  of  almond-like  shape.  This 
shape  is  due  to  the  cavities,  which  were  origin- 
ally gas-  or  steam-bubbles,  having  been  elon- 
gated by  the  flow  of  the  lava-like  rock  when 
viscous.  In  many  cases  the  '  amygdules,'  or 
contents  of  the  cavities,  are  kernels  of  calcite, 
but  in  other  cases  they  are  siliceous.  If  hollow 
they  form  gcodcs  ;  and  when  nearly  filled  with 
alternate  layers  of  chalcedony,  jasper,  quartz  and 
other  forms  of  silica,  they  constitute  true  agates. 

The  embedded  agates  are  easily  detached 
from  the  inclosing  rock,  and  when  removed 
usually  i3resent  a  pitted  surface.  On  the  exterior 
is  a  green  coating  or  '  skin  '  of  delessite,  or  of 
the  similar  mineral  chlorophieite :  many  of  the 
larger  agates,  however,  present  a  rusty  coating 
of  ferric  hydrate.  The  earliest-formed  siliceous 
deposits  are  usually  chalcedonic,  and  the  latest 
are  often  crystalline  :  thus  in  a  hollow  agate  the 
interior  is  generally  lined  with  a  crop  of  quartz 
crystals,  not  unfrequently  amethystine,  the 
apices  of  the  pyramidal  crystals  being  directed 
towards  the  central  cavity.  This  structure  shows 
that  the  agate  has  been  formed  by  successive 
deposition  from  without  inwards  :  in  other  words, 
the  growth  has  been  '  endogenous.'  It  is  notable 
that  in  certain  agates  the  first-formed  layers  have 
been  concentric  with  the  walls  of  the  original 
cavity,  and  the  subsequent  strata  horizontal. 

Tubular  orifices,  lined  with  siliceous  deposits, 
may  be  detected  in  many  agates,  and  these  have 
been  commonly  regarded  as  inlets  of  infiltration, 
or  channels  through  which  the  siliceous  solution 
gained  access  to  the  interior.  It  has,  however, 
been  held  by  many  observers  that  the  solution, 
so  far  from  having  been  introduced  through  a 
definite  aperture,  gradually  filtered  in  at  all 
points ;  and  the  internal  walls  thus  became  uni- 
formly coated  with  a  gelatinous  layer,  which 
allowed  the  further  introduction  of  silica  by 
osmotic  action.  Dr.  Heddle  has  pointed  out  that 
if,  by  a  difference  in  the  density  of  the  siliceous 
solutions  within  and  without  the  cavity,  pressure 
were  exerted  outwards  against  the  gelatinous 
medium,  this  deposit  might  give  way,  and  the 
so-called  inlet  would  thus  be  really  a  point  of 
egress  (N.  xxix.  1884,  p.  419).  E.  Keusch  has 
suggested  that  the  agate  bearing  cavities  were 
filled  periodically  with  hot  siliceous  solutions 
by  the  action  of  intermittent  thermal  springs 
(P.  cxxiii.  1864,  p.  94).  G.  Lange,  extending 
this  view,  supposes  that  the  steam  from  the 
solution  confined  in  the  cavity  might  exert  suffi 


cient  pi"essure  outwards  to  pierce  the  gelatinous 
deposit,  and  thus  an  outlet  of  escape  might  be 
mistaken  for  an  inlet  of  infiltration.  Possibly 
it  sometimes  happens,  as  maintained  byBischof 
(Chem.  Geol.,  Auf.  II.  1866,  III.  p.  621),  that 
the  cavities  in  which  agates  occur,  instead  of 
having  been  originally  vesicles  in  an  eruptive 
rock,  were  hollows  left  by  the  removal  of  crystals 
in  a  rock  of  porphyritic  texture  ;  but  such  an  ex- 
planation does  not  admit  of  general  application. 

Agates,  when  released  from  their  matrix  by 
its  natural  disintegration,  occur  as  loose  nodules, 
either  in  the  beds  of  rivers  or  scattered  over  the 
country  in  pebble-drifts.  The  '  Scotch  pebbles  ' 
are  found  chiefly  near  Montrose  in  Forfarshire, 
and  at  the  Hill  of  Kinnoul  in  Perthshire.  The 
agates  of  the  Cheviots  are  found  m  the  Coquet 
and  other  Northumbrian  rivers.  In  India  agates 
have  for  ages  been  worked  by  the  lapidaries  of 
Cambay,  Broach  and  Eatanpur,  who  obtain 
their  supply  from  the  traps  of  the  Deccan  and 
of  the  Kajmahal  Hills,  or  from  the  agate-bear- 
ing gravels  of  Rajpipla,  which  are  systematically 
mined  (Man.  Geol.  India,  pt.  III.  [V.  Bah], 
1881,  p.  603 ;  pt.  IV.  [F.  R.  Mallet],  1887,  p. 
70).  In  S.  Africa  agate-pebbles  occur  in  the 
Orange  and  Vaal  Rivers.  In  the  U.S.  the 
localities  are  numerous — e.g.  the  shores  of  L. 
Sui^erior,  the  Pescadero  beach  in  California, 
along  the  Connecticut  River,  the  Mississippi,  the 
Fox  R.,  Illinois,  and  the  Yellowstone  National 
I'ark  (G.  F.  Kunz,  in  Min.  Resources  of  U.S., 
188.5,  pp.  756,  757).  In  Queensland  is  a  locality 
known  as  Agate  Creek,  running  into  the  Gilbert 
R.  (For  New  South  Wales,  see  A.  Liversidge, 
Min.  of  N.S.W.,  1888,  p.  169.) 

The  largest  and  finest  agates  are  the  so- 
called  Brazilian  stones,  which  come  chiefly  from 
Uruguay,  where  they  occur  as  pebbles  in  the 
beds  of  rivers,  especially  the  R.  Taquarie,  having 
been  derived  from  amygdaloidal  trap  rocks.  Of 
late  years  some  interesting  agates  have  been 
obtained  from  this  country,  consisting  of  a  rind 
of  chalcedony,  lined  with  quartz  crystals  and 
containing  liquid,  moveable  within.  These  have 
been  called  loater-stoncs,  hydrolitcs  or  enhydros. 
According  to  C.  W.  Giimbel  the  liquid  is  water 
with  a  small  quantity  of  NaCl,  CaCl.,,  CaSO^,  SiO^, 
CO,,  d'C.  (Sitz.  B.  z.  Miinchen,  1880,  II.  p.  241 ; 
1881,  III.  p.  321).  Chalcedonic  waterstones,  of 
polyhedral  form,  occur  at  Beechworth,  Victoria. 

Moss  agate  consists  of  chalcedony  inclosing 
twisted  filaments,  usually  green  but  sometimes 
red  or  brown,  resembling  vegetable  structures. 
In  most  cases  they  are  certainly  merely  mineral 
inclosures,  but  some  forms  have  been  regarded 
as  organic  (Macculloch,  Trans.  Geol.  Soc.  ii. 
p.  510).  Moclm  stones  are  simply  white  or  brown 
chalcedony,  generally  from  India,  with  dendritic 
or  arborescent  markings  due  to  oxides  of  iron 
and  inanganese.  Fortification  agate  is  a  term 
applied  to  those  stones  in  which  strata  of  jas- 
per and  chalcedony  have  been  deposited  upon 
quartz  crystals,  and  hence  they  present  on 
section  curious  zig-zag  patterns,  suggestive  of 
the  plan  of  a  fortress.  The  trivial  terms  eye 
agate,  riband  agate,  etc.,  need  no  explanation. 

Agate  is  employed  for  the  knife-edges  of 
balances,  for  small  mortars  and  pestles,  for 
burnishers  and  writing  styles,  for  trinket-boxes, 
unibrella-handles,  seals,  brooches,  beads  and  aa 
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endless  variety  of  trivial  ornaments.  Nearly  all 
the  agate  used  in  the  arts  is  worked  in  Germany. 

The  industry  of  cutting  and  jiolishing  agates 
is  centred  in  the  neighbourhood  of  Oberstein 
on  the  river  Nahe,  a  tributary  to  the  lihine  at 
Linpen.  Most  of  the  agate  mills  are  situated 
near  I  lar,  about  two  miles  north  of  Oberstein. 
Here  the  Idar  Bach,  which  flows  into  the  Nalie, 
furnishes  abundant  water-power,  which  for  four 
centuries  has  been  utilised  in  the  local  mills. 
The  original  location  of  the  trade  in  this  district 
was  due  to  the  occurrence  of  agates  in  the 
amygdaloidal  melaphyre  of  the  Galgenberg,  near 
Idar,  where  agates  were  formerly  obtained  by 
systematic  mining  operations.  For  many  years, 
however,  these  workings  have  been  abandoned, 
and  the  mills  have  been  supplied  witli  Soutli 
Ainerican  agates,  the  importation  of  which  was 
begun  about  1827. 

Large  consignments  of  agates  are  periodically 
sold  by  auction  at  Oberstein.  The  common 
stones  are  first  roughly  dressed  with  hanniier 
and  chisel,  while  the  finer  stones  are  carefully 
wrought  into  form  by  means  of  metal  discs  fed 
with  emery  or  with  diamond  powder.  The  grind- 
ing is  performed  on  wheels  of  red  sandstone, 
about  5  feet  in  diameter,  set  vertically,  and  rota- 
ting at  the  rate  of  about  three  revolutions  per 
second.  Each  stone  is  about  one  foot  in  width, 
and  its  surface  presents  channels  corresponding 
with  the  form  of  the  objects  to  be  ground.  The 
stones  are  usually  moved  by  large  undershot 
water-wheels,  but  the  inconvenience  of  their  stop- 
page during  the  drought  of  summer  or  the  frost 
of  winter  lias  led  to  the  partial  introduction  of 
steam-power.  When  Vi'orking,  the  grinder  lies 
ahnost  horizontally  upon  a  wooden  stool,  hol- 
lowed to  the  shape  of  his  body,  and  having  his 
arms  free.  The  agate  is  pressed  forcibly  against 
the  grindstone,  fed  with  water  from  above,  while 
the  workman  obtains  purchase  by  pressing  his 
feet  against  a  block  fastened  to  the  floor.  The 
polishing  is  afterwards  effected  with  rouge  and 
water  on  soft  metal  plates  or  with  tripoli  on 
wooden  cylinders. 

Not  only  agates,  but  rock-crystal,  amethyst, 
false  crocidolitc,  and  other  hard  stones  are  now 
extensively  cut  and  polished  by  the  Idar  lapi- 
daries. These  stones  are  also  cut,  to  a  limited 
extent,  at  Waldkirch  in  the  Black  Forest  (Groth, 
Edelsteinkunde,  1887,  p.  155). 

For  many  years  the  German  agate-workers, 
following  the  earlier  practice  of  the  Italian 
cameo-cutters,  have  modified  the  colour  of  most 
of  the  stones  by  staining  them.  The  commonest 
practice  is  that  of  darkening  certain  layers  in  a 
I  anded  agate,  so  as  to  produce  an  oni/x.  The 
onyx  presents  a  succession  of  two  or  more  strata, 
alternately  light  and  dark  brown,  or  even  white 
and  black.  To  produce  this  contrast  of  colour 
when  not  naturally  present,  the  agate  is  first 
steeped  in  honey  and  water,  and  gently  heated 
on  a  stove.  In  course  of  time,  perhaps  two  or 
three  weeks,  certain  layers  of  chalcedony,  more 
l>orous  than  others,  are  found  to  have  absorbed 
the  saccharine  matter.  No  perceptible  change 
is  observed  when  the  agate  is  removed  and 
washed  ;  but  on  placing  it  for  a  short  time  in 
sulphuric  acid  the  absorbed  matter  becomes 
carbonised,  and  it  is  then  seen  that  certain 
layers  of  chalcedony,  originally  of  a  dull  grey 


,  tint,  have  assumed  a  rich  brown  or  even  black 
colour.  In  place  of  the  honey,  olive  oil  is  some- 
times used.  If  accidentally  coloured  too  strong, 
the  excess  may  be  removed,  or  the  colour  '  drawn,' 
by  the  use  of  nitric  acid.  The  process  of  darken- 
ing agates  is  one  of  great  antiquity,  and  is  im- 
perfectly described  by  Pliny  (Hist.  Nat.  xxxvii. 
c.  75)  as  having  been  in  his  day  practised  in 
Arabia.  On  the  history  of  colouring  agates,  v. 
Noggerath,  Die  Kunst,  Onyxe  .  .  .  zu  fiirben, 
Karsten's  Archiv,  xxii.  1848,  p.  2G2. 

j       Carnclian  is  a  red  variety  of  chalcedony,  and 

I  its  characteristic  tint  may  be  easily  developed 
artificially  in  the  chalcedonic  bands  of  certain 
agates  which  are,  in  their  natural  state,  merely 
grey  or  yellowish.  It  has  long  been  the  prac- 
tice in  India  to  heighten  the  colour  of  pale 
brownish  agates  by  prolonged  exposure  to  solar 
heat,  whereby  any  ferric  hydrate  in  the  stone 
loses  more  or  less  water.  In  Germany  the  agate 
is  usually  heated  and  then  moistened  with  sul- 
phuric acid,  or  is  placed  in  a  solution  of  ferric 

,  nitrate,  crudely  preiiared  by  throwing  old  nails 
into  dilute  aquafortis  ;  in  either  case  the  stone 
is  afterwards  exposed  to  a  red  heat,  whereby  the 
absorbed  salt  is  decomposed  and  ferric  oxide 
formed.  Alternating  bands  of  red  and  wliite 
chalcedony  constitute  the  variety  of  agate  known 
as  sardonyx,  and  it  is  to  imitate  this  stone  that 
the  red  tints  are  often  developed.  Prolonged 
digestion  in  warm  hydrochloric  acid  imparts  a 
yellow  tint  to  the  agate,  but  this  colour  is  not 
popular.  Green  colours,  resembling  those  of 
chrysup7'ase,  which  is  simply  a  green  chalce- 
dony, are  produced  by  means  of  salts  of  either 
nickel  or  chromium.  Blue  tints  may  be  readily 
obtained  by  soaking  the  stone  in  a  solution  of 
ferrous  sulphate  and  afterwards  in  either  ferro- 
cyaiiide  or  ferricj'anide  of  potassium,  when 
Prussian  blue  or  TurnbuU's  blue  is  thrown  down 
in  the  pores  of  the  stone  ;  or  an  ammoniacal  solu- 
tion of  sulphate  of  copper  may  be  used.  Blue 
agates,  artificially  stained,  are  extensively  sold 
as  lapis  lazuli.  Quite  recently  a  dead-white 
effect  has  been  produced  in  certain  stones,  which 
are  thus  rendered  more  valuable  for  cameo  work. 
It  is  said  that  this  effect  is  obtained  by  the  use 
of  caustic  potash  and  subsequent  exposure  to  a 
high  temperature.  On  the  agate  industry,  v. 
H.  Lange,  Die  Halbedelsteiiie,  Kreuznach,  18G8; 
and  Upmann,  Beitr.  z.  Gesch.  d.  Graftsch.  Ober- 
stein, Mainz,  1872.  F.  W.  li. 

AGONIADA  BARK.  The  bark  of  I'lumeria 
longifolia,  used  in  Brazil  as  a  remedy  for  inter- 
mittent fever,  contains  a  bitter  crystalline  sub- 
stance, ar/oniadiu,  having  the  composition 
C,oH,,0,  (Peckolt,  Ar.  Ph.  [2]  144,  34). 

AGRICOLITE  or  AHELESTITE.  A  mineral 
found  at  Schneeberg  in  Saxony  containing  57'16 
p.c.  Bi.Oj;  12-50  Fe,P.,0,;  and  30-35  As.Oj 
(Frenzel,  J.  M.  1873,  785). 

AICH  METAL.  An  alloy  patented  by  J.  Aich 
in  I8fi0  for  use  as  sheathing  for  ships.  Con- 
tains copper,  GO  parts  ;  zinc,  38-5  parts  ;  iron, 

I    "  5  J!)  <x  r  t 

AILANTHUS  BARK.  The  inner  bark  of  A. 
cxcehd  and  A.  ijlaiuliilosa  \  it  has  the  odour 
and  taste  of  cinnamon;  used  as  a  tonic  in  dys- 
pepsia (Dymock,  Ph.  [3]  7,  309).  Its  Indian 
name  is  Miiharook. 

AKANDA  V.  Ak  Mvvxr. 
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AK  MUDAR. 


AK  MUDAR,  AKANDA,  AKRA  RUI,  or 
ERUKKU  ERUKKAM,  The  bavk  of  Calotropis 
gigantca  and  C.  proccra.  An  important  Indian 
drug  (Dymock,  Ph.  [3]  10,  122). 

AKOLA  V.  Ankool. 

AKRA  KUI  V.  Ak  Mudae. 

ALABAMITE,  Manganese  sulphide,  v. 
Manganese. 

ALABASTER.  {Albdtre,¥r.;  Alabaster,  Ger.) 
A  crystalline  calcium  sulphate  found  massive  in 
Glamorganshire  ;  at  Syston,  in  Leicestershire ;  at 
Tutbury,  near  Burton-on-Trent,  in  Stafford- 
shire, and  other  places  in  Britain.  A  snow-white 
alabaster  much  used  for  small  ornamental  ob- 
jects, such  as  vases,  lamps,  stands  of  time-pieces, 
A'c,  is  found  at  Volterra,  in  Tuscany.  The 
harder  varieties  are  worked  with  the  same  tools 
as  marble,  smoothed  with  pumice  stone,  polished 
with  a  mixture  of  chalk,  soap,  and  milk,  and 
finished  by  friction  with  a  flannel. 

The  softer  kinds  may  be  turned  or  fashioned 
with  rasping  tools,  fire  chisels  or  small  files, 
smoothed  with  dried  shave  grass,  then  rubbed 
with  a  paste  of  putty  powder  or  finely  divided 
slaked  lime,  and  polished  by  washing  with  soap, 
water  and  lime,  and  finally  with  powxlered  elu- 
triated French  chalk  or  talc. 

Alabaster  may  be  stained  by  heating  it  to 
about  90°  or  100°  C,  and  then  dipping  it  into 
the  colouring  solution  which  may  be  either 
metallic  solutions,  spirituous  tinctures  of  dyeing 
plants,  or  coloured  oils  (Habild,  W.  J.  28,  050). 

A  variety  of  alabaster  known  as  Onyx  of 
Tecali,  from  Mexico,  takes  a  fine  polish  ;  its 
colour  varies  from  milk-white  to  pale-yellow  and 
pale-green  (J.  29,  12(;4). 

ALANGIUM  LAMARCKII  v.  Ankool. 

ALANT  CAMPHOR  v.  C.«iphoe. 

ALASKA!  TE.  A  mineral  found  in  the  Alaska 
Mine,  Ouray  Co.,  Colorado,  containing: — 

Bi.  Pb,  Ag.  Cii.  Zn.  Fe.  S.  Inso!.  Sb. 
a  51-49  12-02  8-08  3-00  0-26  —  15-72  —  — 
b  46-87  9-70  7-10  2-85  0-64  —  15-07  —  0-51 
c  51-35  17-51  3-00  3-74  0-20  —  16  21  —  — 
d  53-39  12-02  7-80  5-11  0  34  0-84  17-98  1-80  — 

(Konig,  a-c,  J.  M.  1883,  1.  K.  25  ;  d,  Zeit. 
Kryst.  Min.  11,  290  ;  C.  J.  [2]  44,  429  ;  50,  515.) 

ALBERIITE.  A  jet-black  mineral  substance, 
resembling  asphalt,  discovered  in  1849,  at  Hills- 
borough, Albert  Co.,  New  Brunswick.  Is  largely 
used  in  the  United  States  for  the  distillation  of  oil 
andcoke.  Theyieldper  tonissaidto  belOO gallons 
of  crude  oil,  and  14,500  cubic  feet  of  illumina- 
ting gas,  while  a  residue  of  good  coke  remains 
in  the  retorts.  Albertite  has  been  found  at 
Strathpeffer,  Eoss-shire;  it  contains  62  p.c.  vola- 
tile matter,  37  p.c.  fixed  carbon,  and  0-60  p.c. 
water.  Its  ultimate  composition  is  79-75  p.c. 
carbon,  8-12  p.c.  hydrogen,  1-63  nitrogen,  and 
10-30  oxygen  (Morrison,  Min.  Mag.  6,  101 ;  C.  J. 
[2]  50,  311). 

ALBU-LIGNOSINE  is  prepared  by  boiling 
wood  or  other  fibrous  substances  under  pressure 
in  a  solution  of  sodium  sulphite  ;  acidifying  the 
solution  and  adding  albumen.  Used  as  a  size, 
mordant,  and  vehicle  for  colours  and  pigments 
(Cross  and  Bevan,  Eng.  pat.  1548,  1883  ;  S.C.I 
2,  541). 

ALBUM  GR.5:CUM.  A  term  formerly  used 
for  the  excrement  of  dogs.  It  was  at  one  time 
supposed  to  have  medicinal  properties,  but  is 


now  used  only  for  tanning,  as  skins  treated 
with  it,  after  the  removal  of  the  hair  and  previous 
to  tanning,  preserve  their  softness.  Fowls'  dung 
is  said  by  tanners  to  answer  the  purpose  better. 
It  consists  mainly  of  phosphate  of  lime. 

ALBUMINOIUS.  The  albuminoids  are  a  class 
of  carbon  compounds  of  a  very  complex  nature, 
whose  properties  comply  more  or  less  closely  with 
those  enumerated  in  a  subsequent  paragraph. 
They  only  occur  in  nature,  in  plants  and  animals, 
and  are  essential  to  both  forms  of  life ;  the  group 
also  includes  certain  substances  produced  by  the 
action  of  reagents  on  these  plant  and  animal 
albuminoids,  but  no  albuminoid  has  yet  been 
prepared  artificially  from  non-albuminoid  sub- 
stances. It  is  noteworthy  that  it  is  only  plant 
life  that  can  synthesise  an  albuminoid  from 
other  forms  of  matter  and  that  the  animal  is 
dependent  on  plant  life  for  the  albuminoids 
necessary  for  its  existence ;  the  animal  can, 
however,  transform  one  albuminoid  into  another 
or  in  to  a  substance  of  the  allied  gelatinoid  and  kera- 
tin groups  ;  besides  being  able  to  effect  its  conver- 
sion into  fat  or  into  simpler  oxidation  products. 
The  greater  part  of  the  nitrogen  of  the  albu- 
minoids oxidised  in  the  body  is  excreted  by  the 
kidneys  as  urea;  the  urea  thus  excreted  is  ap- 
proximately one-third  of  the  weight  of  the 
albuminoids  oxidised.  The  name  '  Albuminoid  ' 
is  given  to  them  from  their  similarity  to  albu- 
min, a  member  of  the  group  occurring  in  white 
of  egg  (Latin,  albumen).  An  alternative  name 
for  the  group  is  '  the  proteids '  from  protein 
(iifiwTeius,  '  holding  the  first  place  ')  a  name  given 
by  Mulder  to  a  substance  which,  he  supposed, 
when  combined  with  sulphur,  phosphorus,  &c., 
formed  the  albuminoids ;  his  views,  however, 
turned  out  to  be  incorrect. 

General  Properties. — All  albuminoids  contain 
the  five  elements,  carbon,  hydrogen,  oxygen,  ni- 
trogen, and  sulphur.  They  do  not  differ  much 
from  one  another  in  their  percentage  composi- 
tion ;  the  percentages  found  varying  within  fairly 
narrow  limits,  viz. : — carbon,  50-55  ;  hydrogen, 
6-9-7-5;  oxygen,  20-24;  nitrogen,  15-18;  sul- 
phur, -3-2-0.  They  usually  leave  some  ash  when 
incinerated,  and  this  ash  contains  phosphates 
and  other  salts.  When  heated  in  solution 
or  in  suspension,  many  of  them  undergo  a 
change  known  as  coagulation,  i.e.  they  are 
changed  into  substances  which  are  insoluble 
in  the  weak  solvents  :  water,  saline  solutions, 
dilute  acids,  and  dilute  alkalis ;  this  change 
commences  in  some  cases  at  60°  or  even  lower. 
With  the  exception  of  the  peptones,  the 
albuminoids  diffuse  through  a  membrane  ex- 
tremely slowly.  Alcohol  in  large  excess  ;  nitric 
acid  enough  to  make  the  solution  strongly  acid  ; 
acetic  acid  and  potassium  ferrocyanide  ;  basic 
lead  acetate ;  mercuric  chloride ;  potassium 
platino-cyanide ;  potassio-mercuric  iodide  in 
presence  of  free  hydrochloric  acid  ;  are  reagents 
that  effect  the  precipitation  of  many  of  the 
albuminoids  from  their  solutions.  One  of  the 
best  tests  for  detecting  the  presence  of  albu- 
minoids is  Millon's  reagent.  This  is  prepared 
by  treating  mercury  with  its  own  weight  of 
nitric  acid  of  specific  gravity  1-4 ;  when  the 
action  slackens,  gentle  heat  is  applied  until  all 
the  mercury  is  dissolved  ;  the  solution  is  then 
diluted  with  twice  its  volume  of  water  and 
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allowed  to  stand  for  some  hours,  a  deposit 
separates,  and  the  liquid  decanted  off  from  this 
is  Millon's  reagent.  Albuminoids,  both  solid  and 
in  solution,  boiled  with  this  reagent  give  a  red 
colour,  and  the  liquid  also  becomes  red,  but  some 
time  must  be  allowed.  It  must  be  remembered 
that  members  of  the  allied  gelatinoid  and 
keratin  groups  and  silk  also  give  the  red  colour. 

Several  of  them  (and  gelatin  as  well)  change 
the  blue  colour  of  sugar  test  (potassio-cupric 
tartrate  in  solution  with  potassium  hydroxide) 
to  a  violet  colour  resembling  that  of  potassium 
permanganate. 

Boiled  for  some  time  with  concentrated  nitric 
acid,  solutions  of  the  albuminoids  give  a  yellow 
colour  which  changes  to  orange  on  the  ad<lition 
of  ammonia  in  excess.  This  is  known  as  the 
xantho-proteic  reaction. 

All  the  albuminoids  when  in  solution  are 
lasvorotary  in  their  action  on  polarised  light,  and 
a  determination  of  this  power  is  of  great  im- 
portance for  purposes  of  identification. 

The  chemistry  of  the  albuminoids  as  de- 
finite compounds  is  scarcely  yet  known,  and 
very  conflicting  views  have  been  entertained  about 
the  identity  of  many  members  of  the  group. 
Bechamp  (Mem.  sur  Albds.  1884)  has  made  very 
exhaustive  researches  on  the  albuminoids,  taking 
great  precautions  to  separate  one  albuminoid 
from  another,  by  the  employment  of  various 
solvents,  precipitants,  and  fractional  precipita- 
tion, and  using  the  polariscoije  to  identify  the 
substances  obtained.  He  holds  that  attempts 
have  been  too  much  directed  to  prove  the 
identity  of  albuminoids  from  different  sources  ; 
whereas  his  methods  lead  to  the  conclusion  that 
the  number  of  different  albuminoids  is  consider- 
ably greater  than  is  now  admitted,  and  that  many 
of  the  albuminoids  at  present  described  are  in 
reality  mixtures.  A  consideration  of  the  large 
number  of  compounds  that  occur  in  the  carbo- 
hydrate group,  whose  composition  is  far  simpler 
than  that  of  the  albuminoids,  renders  this  view 
very  probable,  and  Bechanip's  work  may  lead  to 
a  revision  of  the  albuminoids. 

Classification.  — The  albuminoids  arc 
classified  into  seven  groups. 

I.  The  AJbumiiis. — These  are  soluble  in  water, 
in  neutral  saline  solutions,  in  dilute  acids  and 
dilute  alkalis,  and  are  colloids. 

Egg  albumin.  I  Crystallin. 

Serum  albumin.  | 

II.  Tlie  Globulins. ^These  are  insoluble  in 
water,  but  are  soluble  in  neutral  saline  solutions, 
in  dilute  acids  and  dilute  alkalis. 

Myosin.  I  Fibrinogen. 

Scrum  globulin.       I  Vitellin. 

III.  Derived  Albumins. — These  are  insoluble 
in  water  and  in  neutral  saline  solutions,  but  are 
soluble  in  dilute  acids  and  dilute  alkalis. 

Acid  albumin.  [       Alkali  albumin. 

Syntonin.  |  Casein. 

IV.  Fibrin,  which  is  insoluble  in  water,  and  is 
soluble,  with  difficulty,  in  neutral  saline  solutions 
and  in  dilute  acids  and  dilute  alkalis. 

V.  Coagulated  Albuminoids. — These  are  in- 
soluble in  water,  neutral  saline  solutions,  dilute 
acids,  and  dilute  alkalis.  They  are  the  sub- 
stances produced  by  the  action  of  heat  or  of 
strong  alcohol  on  many  of  the  albuminoids  when 
in  solution  or  in  suspension  in  water. 


They  are  attacked  by  strong  acids  and  alkalis, 
and  can  be  converted  into  peptones  by  artificial 
gastric  or  pancreatic  juice. 

VI.  Lardaee'in  or  Ainijloid  is  an  albuminoid 
substance  occurring  in  diseased  liver,  spleen,  &o. 
It  is  insoluble  in  water  and  in  dilute  acids,  but 
is  soluble  in  moderately  dilute  ammonia.  Its 
most  characteristic  features  are  that  it  is  not 
converted  into  a  peptone  by  artificial  gastric 
juice,  and  that  with  strong  sulphuric  acid  and 
iodine  it  is  coloured  violet  or  blue. 

VII.  The  Peptones. — These  are  soluble  in 
water,  neutral  saline  solutions,  dilute  acids  and 
dilute  alkalis  ;  they  differ  from  the  albumins  in 
being  diffusible  through  membranes,  and  in  that 
their  solutions  are  not  coagulated  by  heat.  They 
are  produced  by  the  action  of  the  gastric  and 
pancreatic  juices  on  the  albuminoids. 

The  vegetable  albuminoids  are  numerous, 
but  they  have  not  been  so  much  studied  as  the 
animal  albuminoids,  and  gluten  is  the  only  sub- 
stance that  will  be  described. 

The  Albu  m  ins. 

Egg  Albumin. 

Occurrence. — It  forms  the  chief  part  of  the 
organic  substance  of  the  white  of  birds'  eggs. 

Preparation. — 1.  White  of  egg  is  cut  up 
with  scissors,  squeezed  through  linen,  filtered 
without  access  of  air,  diluted  with  much  water, 
and  to  the  liquid  acetic  acid  is  carefully  added 
to  precipitate  a  few  flocks  of  some  albuminoid 
substance.  After  filtration  the  liijuid  is  dialysed 
to  remove  salts  as  far  as  possible.  — 2.  After 
diluting  and  filtering  the  white  of  egg,  basic 
acetate  of  lead  is  added,  but  not  in  excess,  as 
that  would  dissolve  the  precipitate  formed.  This 
precipitate  is  suspended  in  water,  and  the  lead 
is  removed  by  a  current  of  carbon  dioxide;  the 
last  traces  being  got  rid  of  by  adding  a  little 
I  hydrosulphuric  acid,  and  heating  enough  to 
1  coagulate  a  little  albumin,  which  carries  down 
the  lead  sulphide  with  it.  After  filtration  the 
liipiid  is  evaporated  at  The  albumin  thus 

obtained  is  only  one  of  the  ingredients  of  white 
of  egg  (v.  Proximate  composition). — 3.  For 
technological  purposes,  white  of  egg  is  evapo- 
rated to  dryness  in  the  air  at  moderate  tem- 
peratures, and  the  resulting  light-yellow  horny 
flakes  form  the  commercial  egg  albumin. 

Properties  of  dried  albumin.  —  Dried  albumin 
forms  a  white  or  pale-yellow  translucent  mass, 
which  is  hard  and  brittle  and  can  be  easily 
triturated  to  a  white  powder.  It  is  tasteless  and 
j  inodorous.  It  is  soluble  in  water  but  does  not 
dissolve  freely  ;  it  dissolves  readily,  however,  if 
the  water  contain  an  alkaline  salt.  It  may  be 
heated  to  100°  without  becoming  insolulile  in 
water  ;  at  140°  it  loses  4  p.c.  of  water  but  still 
retains  its  solubility. 

Properties  of  an  aqueous  solution  of  albumin. 
When  the  solution  is  heated  it  becomes 
opaline  at  60°,  and  between  60°  and  7.5°  the 
albumin  changes  into  a  white  insoluble  substance 
known  as  coagulated  albumin.  The  solution 
has  a  rotary  power  of  (a)i,=  —38°  (Haas). 

Soluble  albumin  is  neutral  to  vegetable 
colours. 

Albumin  is  insoluble  in  alcohol  and  in  ether. 
Strong  alcohol  added  in  large  excess  precipitates 
albumin  in  the  coagulated  state,  but  a  small 
quantity  of  weak  alcohol  produces  a  precipitate 
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which  is  completely  soluble  in  water.  Ether 
shaken  up  with  a  solution  of  albumin  of  moderate 
strength  coagulates  only  a  small  portion  of  it. 

Nitric  acid  produces  a  precipitate  and  is  used 
as  a  test  for  the  presence  of  soluble  albumin  ; 
warming  aids  the  precipitation. 

Dilute  sulphuric  acid  jsroduces  a  precipitate 
only  after  some  time.  A  small  quantity  of 
hydrochloric  acid  jjrodaces  no  precipitate,  but  a 
large  quantity  throws  down  a  substance  which 
contains  hydrochloric  acid.  Metaphosphoric 
acid,  or  a  solution  of  a  metaphosphate  and  acetic 
acid,  produces  a  precipitate.  Pyrophosphoric 
acid,  orthophosphorio  acid,  acetic  acid  and  car- 
bonic acid  do  not  give  precipitates.  Dikite  solu- 
tions of  potassium  and  sodium  hydroxides  do 
not  produce  jirecipitates.  Acids  and  alkalis 
produce  a  change  in  the  properties  of  albumin 
which  will  be  described  under  the  heads  ot  Acid 
AlliUmin  and  Alkali  Albumin. 

Solutions  of  sodium  chloride  and  other 
similar  salts  of  the  alkalis  do  not  give  precipi- 
tates ;  but  if  acetic  acid  be  added  to  a  solution 
of  albumin  containing  one  of  these  salts,  or  if 
the  salt  be  added  to  a  eolution  containing  acetic 
acid,  a  precipitate  is  formed.  Many  salts  of  the 
metals  produce  a  precipitate  when  added  to  a 
solution  of  albumin,  e.g.  ferrous  sulphate,  ferric 
chloride,  copper  sulphate,  silver  nitrate,  neutral 
and  basic  acetates  of  lead  and  mercuric  chloride. 

Potassium  ferrocyanide  throws  down  from  an 
albumin  solution  containing  acetic  acid  a  pre- 
cipitate free  from  potassium.  Chlorine  and  bro- 
mine produce  precipitates.  Phenol  coagulates 
albumin.  Kennet  does  not  produce  a  precipitate 
at  ordinary  temperatures. 

Proximate  composiiion.  —  TikdhBm^  has  iso- 
lated three  different  substances  from  the  white 
of  hen's  egg.  The  first  (primoialbinnin)  is 
thrown  down  by  basic  acetate  of  lead,  it  has 
a  rotary  power  for  polarised  light  of  (a)j  =  —34° 
and  is  coagulated  by  heat.  The  second  and 
third  substances  are  left  m  the  filtrate  after  re- 
movmg  the  first ;  they  are  both  precipitated  by 
an  ammoniacal  solution  of  the  basic  acetate,  but 
can  be  separated  by  fractional  precipitation. 
One  of  them  {secondovalbumin)  is  coagulated 
and  rendered  insoluble  in  water  by  alcohol  ;  it 
has  a  rotary  power  of  —  63°  and  is  coagulated 
by  heat.  The  other  (Icucozymase)  is  precipitated 
by  alcohol,  but  is  not  thereby  rendered  insoluble 
in  water;  it  has  a  rotary  power  of  —78°,  and  is 
a  ferment,  as  it  possesses  the  power  of  liquefying 
starch  paste.  White  of  egg  contains  these  sub- 
stances in  about  the  proportion  of  5  :  4  :  1,  and 
the  rotary  power  —  46°  calculated  from  these  pro- 
portions agrees  pretty  closely  with  —40°  43°, 

the  observed  powers  for  white  of  egg. 

Serum  Albumin. 

Sy)ioiuj)u. — Blood  albumin. 

Occurrence. — It  occurs  in  blood  serum,  muscle 
serum,  lymph,  chyle,  milk,  and  abundantly  in 
colostrum. 

Preparation. — 1.  Blood  serum  is  diluted  with 
twenty  times  its  volumeof  water,andthe  globulin 
is  thrown  down  by  the  cautious  addition  of 
acetic  acid.  After  standing,  it  is  filtered  and  the 
filtrate  is  neutralised  with  sodium  carbonate, 
evaporated  to  a  small  bulk  at  40°,  and  the 
greater  part  of  the  salts  are  separated  by 
dial^sis,--2.  For  technological  purposes  it  is 


prepared  by  collecting  the  blood  straight  from  the 
animal  in  shallow  zinc  pans  of  about  two  gallons' 
capacity,  in  which  it  is  left  in  a  cool  place  until 
it  has  clotted  ;  great  care  must  be  taken  not  to 
agitate  it  when  fresh  drawn,  so  the  place  must 
not  be  far  from  the  animal.  When  it  has  com- 
pletely clotted  it  is  transferred  to  similar  pans 
with  perforated  bottoms,  and  is  cut  into  small 
fragments  to  allow  the  serum  to  drain  away, 
i  The  serum  is  collected  and  evaporated  to  dryness 
at  a  moderate  temperature  and  the  albumin  is 
obtained  in  scales.  All  rough  treatment  must 
be  avoided,  as  it  causes  the  red  corpuscles  to 
break  and  spoils  the  colour  of  the  product. 
Five  oxen  yield  about  4i  gallons  of  serum  and 
about  4^  lbs.  of  albumin.  The  blood  of  20  sheep 
or  34  calves  gives  the  same  quantity  of  albumin. 
Less  than  half  of  the  albumin  only  is  obtained 
that  analysis  shows  to  be  present  in  blood. 

Properties. — Its  properties  are  much  the 
same  as  those  of  egg  albumin,  but  its  rotary 
power  for  polarised  light  is  very  different,  being 
(a),j=  from  —66°  to  —62°  (Haas),  and,  unlike 
egg  albumin,  it  is  not  coagulated  by  shaking  up 
with  ether. 

Crystallin. 

Synonyms  and  Occiirrence. — Crystallin  (also 
called  Globulin)  is  the  name  given  to  an  albu- 
minous substance  obtained  from  the  crystalline 
lens. 

Preparation. — The  crystalline  lens  is  tritu- 
rated and  extracted  with  water,  and  the  filtered 
extract  is  evaporated,  some  impurities  are  re- 
moved by  alcohol,  and  a  yellow  mass  is  obtained. 

Properties. — It  is  soluble  in  water,  and  is 
coagulated  by  heat,  a  granular  mass  being  the 
result. 

Proximate  composition. — Bechamp  has  ob- 
tained two  substances  from  the  aqueous  extract 
of  the  crystalline  lens.  One,  crystaUnunin,  is 
precipitated  by  the  addition  of  alcohol ;  the 
precipitate,  immediately  after  coming  down, 
dissolves  if  water  be  added,  but  it  is  gradually 
changed  into  an  insoluble  state,  and  then 
addition  of  water  does  not  dissolve  it.  It 
further  differs  from  primovalbumin  in  giving 
a  precipitate  with  basic  lead  acetate  which  is 
not  decomposed  by  carbon  dioxide.  Its  rotary 
power  is  (a),  =  —80°. 

The  other  substance,  phacozymasc,  is  pre- 
cipitated by  alcohol,  but  is  not  thereby  ren- 
dered insoluble  in  water.  It  is  a  ferment,  as 
is  proved  by  its  liquefying  starch  paste.  Its 
solution  is  coagulated  by  heat.  Its  rotary 
power  is  —41°. 

The  Globulins. 

Myosin, 

Occurrence. — The  fibres  which  enter  into  the 
composition  of  the  voluntary  muscles  contain 
within  an  outer  sheath  a  semitiuid  substance 
which  is  called  the  muscle  plasma  ;  after  death, 
wlien  7-igor  mortis  sets  in,  this  plasma  yields 
a  liquid  (muscle  serum)  and  a  clot  which  causes 
the  rigidity.  This  clot  is  myosin.  Brine  used 
for  pickling  meat  contains  a  considerable  quan- 
tity of  myosin. 

Preparation. — Fresh  flesh  is  chopped  fine 
and  well  washed  with  water  until  the  washings 
are  no  longer  acid  and  give  no  traces  of  the 
presence  of  any  albuminoid ;  it  is  then  tritu- 
rated to  a  pulp  with  common  salt,  and  enough 
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water  is  added  to  make  with  the  salt  a  10  p.c. 
solution.  After  standing  for  a  time  it  is  pressed 
through  linen  and  filtered.  Tlie  filtrate  dropped 
slowly  into  water  gives  a  precipitate  of  myosin, 
which  can  be  purified  by  redissolving  in  sodium 
chloride  solution  and  reprecipifatiiig. 

Proi^ertics.— When  wet  it  forms  a  white  mass, 
and  when  dry  is  yellow  and  horny.  It  is  neutral 
in  reaction.  It  is  insoluble  in  water,  alcohol, 
and  ether.  When  suspended  in  water  and 
heated  to  70°  it  coagulates.  It  is  readily  soluble 
in  dilute  acids,  and  when  thus  dissolved  the 
myosin  changes  into  syntonin.  It  is  soluble 
in  dilute  solutions  of  the  alkalis  and  alkaline 
carbonates. 

It  dissolves  readily  in  1  to  10  p.c.  solutions  of 
sodium  chloride,  and  is  precipitated  unchanged 
therefrom  either  by  diluting  with  water  or  by 
saturatnig  the  solution  with  salt. 

Serum  Globulin. 

Sipioni/ms. — Globulin  or  Fibrino-plastic  sub- 
stance (Schmidt) ;  Paraglobin  (Briicke)  ;  Para- 
globulin  (Kiihne). 

Preparation. — Fresh  blood  serum  is  diluted 
with  ten  times  its  bulk  of  cold  water  and  is 
subjected  to  a  stream  of  carbon  dioxide.  The 
solution,  after  some  time,  deposits  flocks,  which 
are  collected  and  dissolved  in  water  with  the 
help  of  a  few  drops  of  a  very  dilute  solution  of 
sodium  hydroxide.  The  globulin  is  then  re- 
precipitated  by  a  stream  of  carbon  dioxide. 

Properties. — As  precipitated,  it  is  in  micro- 
scopic, colourless,  amorphous  granules.  It  is 
insoluble  in  water,  alcohol,  and  ether,  but 
dissolves  in  water  saturated  with  oxygen,  and 
is  thrown  down  again  on  passing  carbon  dioxide 
through  the  solution.  It  is  readily  soluble  in 
dilute  acids,  but  is  changed  by  them  into  a 
derived  albumin. 

It  is  soluble  in  dilute  alkalis  and  in  alkaline 
carbonates.  Dilute  solutions  of  the  alkalis 
change  it  into  a  derived  albumin,  unless  they 
are  extremely  dilute,  when  the  globulin  can  be 
thrown  down  by  a  current  of  carbon  dioxide. 

It  is  soluble  in  solutions  of  phosphates  of 
the  alkalis,  sodium  chloride,  magnesium  sul- 
phate, and  other  salts.  It  is  precipitated  from 
its  solutions  in  neutral  salts  by  dilution  with 
water,  and  the  precipitation  is  helped  by  passing 
a  current  of  carbon  dioxide.  It  is  also  precipi- 
tated from  solutions  of  neutral  salts  by  in- 
creasing the  amount  of  salt  present  to  the  point 
of  saturation. 

Globulin  suspended  in  water,  or  dissolved  in 
neutral  salt  solutions,  is  coagulated  on  heating 
to  70°. 

It  is  not  precipitated  from  its  solution  in 
acetic  acid  by  potassium  ferrocyanide. 
Fibrinogen. 

Occiirroice. — Fibrinogen  occurs  in  blood 
plasma — i.e.  the  licpiid  portion  of  blood  before 
clotting  has  occurred;  also  in  the  liquids  of 
hydrocele  and  of  various  serous  cavities. 

Preparation.— 1.  Blood  plasma  is  diluted 
with  10  or  15  times  its  volume  of  ice-cold  water 
and  is  subjected  to  a  stream  of  carbon  dioxide 
for  a  long  time,  to  precipitate  the  globulin. 
Tills  is  separated  and  the  liquid  is  further 
dilated,  and  on  again  passing  carbon  dioxide 
through  it  fibrinogen  is  precipitated.  Fibrin- 
ogen can  be  separated  from  the  other  liquids 


'  mentioned  by  similar  treatment.—  2.  Horse's 
blood  is  mixed,  immediately  it  escapes,  with  one 
I  third  of  its  volume  of  a  saturated  magnesium 
I  sulphate  solution.  The  corpuscles  are  then 
filtered  off,  and  to  the  filtrate  a  saturated  solution 
of  sodium  chloride  is  added  which  causes  the 
precipitation  of  fibrinogen.  The  precipitate  is 
removed,  washed  with  more  of  the  same  sodium 
chloride  solution,  and  is  twice  purified  by  dis- 
solving it  in  a  weaker  sodium  chloride  solution 
containing  (5  to  8  p.c,  filtering  and  jirecipitating 
as  before.  As  thus  prepared  it  dissolves  in 
water  owing  to  the  adhering  salt. 

Properties. — It  is  insoluble  in  water,  but  is 
soluble  in  water  containing  oxygen.  It  is  soluble 
in  dilute  alkalis.  Like  globulin,  it  is  soluble  in 
solutions  of  sodium  chloride  ;  but  when  the  salt 
reaches  12  to  16  p.c.  the  fibrinogen  is  ]necipitated, 
and  but  little  globulin  separates  until  the  salt  pre- 
sent amounts  to  20  p.c. ;  this  explains  the  second 
process  of  preparing  it  given  above.  Solutions 
of  fibrinogen  in  sodium  chloride  coagulate  at 
a  considerably  lower  temperature  than  globulin 
solutions.  When  blood  clots,  the  fibrinogen  of 
the  plasma  is  converted  into  Fibrin  (q.  v.). 
Vitellin. 

Preparation. — Yolk  of  egg,  after  treatment 
with  water,  alcohol  and  ether,  leaves  an  albumi- 
noid substance  undissolved,  to  which  the  name 
vitellin  has  been  given  (Latin,  vitcUas,  '  yolk  of 
egg  ').  Various  other  methods  for  separating  it 
from  yolk  of  egg  have  been  described,  and  pos- 
sibly the  products  obtained  are  not  identical. 

I'roperiies. — It  appears  to  be  insoluble  in 
water,  but  soluble  in  dilute  acids,  alkalis,  and  in 
a  10  p.c.  solution  of  common  salt. 

Proximate  composition  of  yolk  of  egg. — 
B6cliamp  has  obtained  five  substances  from  yolk 
of  hen's  egg.  On  treatment  with  water  a  granu- 
lar substance  is  left,  and  in  solution  there  is 
found  a  body  {lecithuonin)  which  alcohol  co- 
agulates and  renders  insoluble  ;  its  rotary  power 
1  when  dissolved  in  acetic  acid  is  (a)i  =  -  81°  ; 
I  also  a  second  body  {lecithozymase)  which  alco- 
hol precipitates  but  does  not  render  insoluble  in 
water ;  it  is  a  ferment  and  liquefies  starch 
paste,  its  rotary  power  is  about  —  48°. 

The  granular  substance,  after  washing  with 
ether,  with  ether  containing  a  little  alcohol  and 
with  water,  is  quite  white  and  yields  to  a  weak 
solution  of  sodium  carbonate  a  body  (lecimi- 
croo)iin)  which  is  precipitated  on  addition  of 
acetic  acid  ;  its  rotary  power  in  acetic  acid  solu- 
tion is  -72°  to  —75°.  The  acetic  acid  filtrate  con- 
tains a  body  {Iecimicro.i;/mase)  which  is  thrown 
down  on  adding  alcohol ;  it  is  soluble  in  water 
and  is  a  ferment  as  it  liquefies  starch  paste  ;  its 
rotary  power  is  about  -  81°. 

The  sodium  carbonate  leaves  part  of  the 
granules  undissolved,  the  substance  left  does 
not  appear  to  be  homogeneous,  and  it  probably  is 
the  outer  covering  of  the  granules.  It  is  this 
covering  that  prevents  the  extraction  of  the 
soluble  lecimicrozymase  by  the  water  employed 
at  first. 

Derived  Albumins. 
Acid  Albumin. 

Preparation. — If  egg  albumin  be  treated  with 
a  little  dilute  hydrochloric  acid,  and  the  mixture 
be  warmed  gradually,  no  coagulation  takes  place 
even  at  100°,  and  if  when  cold  the  solution  be 
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neutralised,  a  precipitate  is  thrown  down  which 
is  acid-albumin. 

Properties. — It  is  soluble  in  dilute  solutions 
of  the  alkalis  and  of  the  alkaline  carbonates. 
It  is  insoluble  in  sodium  chloride  solution.  It 
becomes  coagulated  when  suspended  in  water 
and  heated. 

Syntonin  (or  Musailin)  is  a  name  given  to 
the  product  of  the  action  of  diUite  hydrochloric 
acid  on  myosin  ;  the  same  name  has  been  ap- 
plied to  the  products  obtained  by  the  action  of 
dilute  acids  on  soluble  or  coagulated  albuminous 
substances  and  on  fibrin ;  syntonin  has  also 
been  supposed  to  be  formed  as  the  first  product 
of  the  action  of  the  gastric  juice  on  albuminous 
substances.  B6champ's  experiments  have  led 
him  to  the  conclusion  that  these  products  are 
different  substances. 

Alkali  Albumin. 

By  the  action  of  the  caustic  alkalis  on  egg 
albumin,  substances  are  obtained  which  have 
received  the  names  alkali  albumin  or  albumin- 
ate. Most  probably  the  products  vary  with 
the  strength  of  the  alkaline  solutions  employed 
and  are  numerous.  If  egg  albumin  is  really  a 
mixture  of  thi-ee  different  substances,  some 
work  has  yet  to  be  done  before  the  products  of 
the  action  of  the  alkalis  are  isolated  and  described. 

The  following  are  the  most  noticeable  facts 
about  the  action  of  the  alkalis  on  albumin. 

1.  If  egg  albumin  is  treated  with  dilute 
caustic  alkali  and  the  liquid  warmed  gradually, 
no  coagulation  takes  place  even  at  100° ;  if  the 
solution  is  allowed  to  cool  and  is  neutralised  by 
acid  a  precipitate  is  thrown  down.  This  pre- 
cipitate is  called  alkali  albumin  or  albuminate. 
2.  If  white  of  egg  freed  from  membranes 
and  then  brought  to  its  original  strength  is 
mixed  with  strong  potash  solution,  it  is  con- 
verted into  a  gelatinous  mass.  This  mass 
washed  with  water  until  the  washings  are  no 
longer  alkaline  (access  of  air  being  prevented 
as  far  as  possible)  is  soluble  in  boiling  water.  It 
has  been  called  albuminate  of  potassium,  being 
considered  to  be  a  salt  of  an  '  albuminic  acid.' 
From  potassium  albuminate,  albuminates  of 
copper,  silver,  and  other  metals  have  been  ob- 
tained. When  a  solution  of  potassium  albumin- 
ate is  neutralised  by  an  acid,  a  precipitate  is 
thrown  down  which  has  been  supposed  to  be 
the  same  as  that  obtained  when  dilute  alkali  is 
used  as  described  above. 

Casein. 

Occurrence  — Casein  occurs  in  the  milk  of 
mammals,  and  is  the  characteristic  constituent 
of  cheese  (Latin,  caseiis)  and  from  this  its  name 
is  derived. 

Freparation.—Yresh  milk,  diluted  with  its 
own  bulk  of  water,  is  heated  to  50°,  and  just 
enough  acetic  acid  is  added  to  make  the  liquid 
distinctly  acid.  The  curd  is  separated  on  a 
cloth  and  well  washed  with  water,  a  little  acetic 
acid  being  added  in  the  water  first  employed. 
The  fat  is  next  removed  by  treatment  with  a 
mixture  of  alcohol  and  ether,  and  then  with 
ether  alone.  The  mass  is  dissolved  in  very 
weak  ammonia  and  the  solution  is  filtered  and 
precipitated  by  acetic  acid.  The  precipitate  is 
treated  with  ether,  redissolved  in  ammonia  and 
reprecipitated  by  acetic  acid,  washed  with  water, 
then  with  alcohol  and  ether,  and  finally  dried 


in  vacuo  over  sulphuric  acid  (Bechanip). — 
2.  For  technological  purposes,  a  preparation 
of  casein  known  as  lactarine  is  obtained  by 
curdling  skimmed  milk  with  dilute  acid  or  with 
rennet.  The  curd  is  collected,  washed,  and 
dried,  and  is  sold  in  the  form  of  a  yellow 
granular  powder. 

Properties. — Casein  appears  to  be  a  single 
compound,  and  not  a  mixture.  Prepared  as 
described  above,  it  is  a  light,  finely  divided, 
white  substance  ;  other  methods  yield  it  as  a 
j  yellowish,  amorphous,  hygroscopic  mass,  with- 
,  out  taste  or  smell.  That  prepared  by  Bechamp 
I  contained  only  '2  p.c.  of  ash.  Casein  dried  in 
racno  retains  water  which  requires  a  prolonged 
drying  at  130°-140°  to  expel.  Casein  can  be 
kept  at  100°  for  some  hours  without  being 
altered,  but  after  heating  to  130°- 145°  the  pro- 
duct is  no  longer  completely  soluble  in  sodium 
carbonate  solution. 

Casein  reddens  litmus,  and  behaves  like  an 
acid  to  the  alkalis  and  alkaline  earths,  and  like 
a  base  towards  the  acids.  It  is  insoluble  in 
water,  but  dissolves  readily  in  solutions  of 
ammonia,  the  alkalis  and  the  alkaline  carbon- 
ates. Casein  when  still  wet  dissolves  easily  in 
lime  water  and  in  baryta  water.  Acids  added 
to  solutions  of  casein  in  the  alkalis  thi'ow  down 
precipitates  which  are  compounds  of  casein  with 
the  acid  ;  these  compounds  are  decomposed  by 
water,  that  with  acetic  acid  most  easily.  Casein 
is  readily  soluble  in  dilute  hydrochloric  acid 
(containing  -2  p.c.  of  the  fuming  acid),  but  addi- 
tion of  acid  of  medium  strength  to  this  solution 
throws  down  a  precipitate  containing  hydro- 
chloric acid.  Casein  is  insoluble  in  hydrochloric 
acid  containing  2  or  3  p.c.  of  the  fuming  acid. 
Casein  dissolves  in  strong  hydrochloric  acid, 
giving  a  fine  violet  colour.  Casein  is  soluble  in 
aqueous  acetic  acid,  forming  an  acetate ;  on 
evaporating  the  solution  and  drying,  the  acetic 
acid  is  not  entirely  expelled  even  at  140°. 

Casein  is  insoluble  in  solution  of  sodium 
chloride.  When  still  wet  from  its  preparation, 
it  dissolves  in  solutions  of  ordinary  sodium 
phosphate  and  borax,  which  are  alkaline. 
Casein  in  solution  in  potassium  hydroxide  is 
not  coagulated  by  heat. 

Casein  has  a  rotary  power  varying  from 
(a)j  =  -  94°  to  (a)j  =  - 133°  according  to  the  sol- 
vent employed. 

Curdling  of  Milk. — When  milk  is  exposed 
to  the  air,  the  milk  sugar  it  contains  is  con- 
verted into  lactic  acid  by  the  agency  of  a  micro- 
organism {Bacterium  lactis),  and  it  becomes 
acid.  This  acidifying  of  the  milk  causes  the 
precipitation  of  the  casein,  and  the  milk 
'  curdles.'  In  cheese-making  another  method 
of  precipitating  the  casein  is  employed.  Rennet, 
which  is  prepared  by  extracting  the  fourth 
stomach  of  the  calf  with  a  5  p.c.  solution  of 
common  salt,  is  added  to  the  milk  warmed  to 
the  temperature  of  about  25°,  and  causes  the 
precipitation  of  the  casein,  which  carries  down 
the  fat  globules  of  the  milk  entangled  in  it. 
This  curd,  after  subsequent  treatment  to  remove 
the  liquid,  forms  cheese.  The  precipitation  of 
the  casein  has  been  shown  to  be  due  to  the 
action  of  a  ferment  in  the  rennet,  and  not  to 
the  souring  of  the  milk  that  accompanies  the 
curdling. 
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Fibi'in. 

Occnrrencc. — Blood  removecl  from  the  living 
animal  soon  turns  to  a  jelly,  which  gradually 
contracts,  squeezing  out  a  liquid  as  it  do".s  so,  so 
that  eventually  there  is  obtained  a  clot  sur- 
rounded by  a  fluid  (the  scrum).  This  clot  is 
composed  of  fibrin  with  red  blood-corpuscles  en- 
tangled in  it.  Numerous  theories  have  been 
advanced  to  explain  this  formation  of  fibrin  ;  it 
is  now  supposed  that  the  albuminoid  fibrinogen 
contained  m  the  plasma,  i.e.  the  li(iuid  part  of 
living  blood,  yields  fibrin  under  the  influence  of 
a  ferment  which  is  derived  from  the  white  cells 
of  the  blood,  and  is  probably  liberated  by  their 
lireaking-up ;  some  of  the  salts  of  the  blood 
appear  to  be  required  also  for  the  formation  of 
iibrin. 

Preparation. — Fresh  blood  is  whipped  with 
twigs,  to  which  the  fibrin  adheres.  It  is  next 
washed  with  water  until  colourless,  after  which 
it  is  treated  with  alcohol  and  ether  to  remove 
the  fat.  Blood  plasma  can  bo  used  instead  of 
blood. 

Properties. —  Moist  fibrin  is  a  white,  elastic, 
filn-ous  mass  which  becomes  hard  and  friable 
when  dried.  It  has  no  taste  or  smell.  It  is 
ins<ilnble  in  water  and  in  alcohol.  When  sus- 
pended in  water  and  heated,  or  when  kept  for 
some  time  under  alcohol,  it  undergoes  a  change 
and  ceases  to  be  soluble  in  saline  solutions,  and 
in  dilute  acids,  but  is  still  soluble  in  alkalis. 
Fibrin  swells  up  and  dissolves  when  digested  in 
dilute  solutions  of  the  alkalis  ;  those  solutions 
are  not  coagulated  by  heat.  Fibrin  is  coloured 
yellow  by  nitric  acid,  and  on  digesting,  xantho- 
proteic acid  is  produced.  In  dilute  hydrochloric 
acid,  fibrin  swells  up  and  dissolves  on  gantle 
warming.  In  fuming  hydrochloric  acid,  dry 
fibrin  swells  up  and  gradually  dissolves  to  a 
dark-blue  liquid.  Strong  acetic  acid  converts 
fibrin  into  a  Jelly  which  dissolves  easily  in 
warm  water.  In  6  to  10  p.c.  solutions  of  the 
neutral  salts,  potassium  nitrate,  sodium  chloride 
and  sulphate,  fibrin  swells  up,  and  the  liquid 
can  be  filtered  after  long  digestion;  the  solutions 
coagulate  when  heated. 

Moist  fibrin  causes  the  evolution  of  oxygon 
from  hydrogen  dioxide ;  but  loses  the  property 
after  boiling. 

The  products  of  the  action  of  dilute  hydro- 
chloric acid  have  been  studied  by  Bechamp.  A 
part  of  the  fibrin  is  left  undissolved  (the  epidcr- 
'inosc  of  Bouchardat),  consisting  of  microscopic 
granules,  which,  when  washed  free  from  acid, 
jjossess  the  power  of  liquefying  starch  paste 
and  of  liberating  oxygen  from  hydrogen  di- 
oxide. These  granules  he  regards  as  be'ng 
organised,  and  names  them  fibrin  microzymes. 
They  still  liberate  oxygen  after  being  dried  in 
vacuo,  but  after  boiling  in  water  this  property 
is  lost. 

The  solution  freed  from  the  microzymes  gave 
a  rotary  power  of  (a)j  =  -72°,  calculated  on  the 
matter  obtained  by  evaporating  and  drying  at 
110^-120°.  Addition  of  ammonia  to  it  throws 
down  a  substance  which  he  names  fibrinin.  It 
is  insoluble  in  water  but  dissolves  readily  in 
aqueous  acetic  acid,  and  gives  a  rotary  power 
of  (a)j=— 07°.  In  fuming  hydrochloric  acid  it 
dissolves,  and  on  wanning  gives  a  fine  violet 
colour. 
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The  filtrate  from  the  fll)rinin,  when  mixed 
with  a  large  quantity  of  alcohol  and  a  little 
sodium  acetate  solution,  gives  a  precipitate 
which  is  nearly  all  soluble  in  water.  This 
soluble  substance  he  names  fibrimiii.  It  pos 
Eesses  a  rotary  power  of  from  (a)j  =  —  79°  to 
(a)j=— 87''.  When  dry  it  dissolves  in  faming 
liydrochloric  acid,  and  gives  on  warming  a 
mauve-red  colour,  changing  to  a  brownish-red. 
Its  solution  is  not  coagulated  by  heat,  or  preci- 
pitated by  neutral  or  basic  lead  acetate  ;  it  is 
precipitated,  however,  by  metaphosphoric  acid. 
Nitric  acid  turns  its  solution  yellow;  Millon's 
reagent  gives  a  slight  precipitate  and  a  red 
colour  on  warming.  It  has  the  power  of  lique- 
fying starch  paste,  but  only  in  a  feeble  degree. 

According  to  Bechamji,  there  appear  to  be 
other  products  besides  these. 

Glut  c  n. 

Preparations. — 1.  The  mixture  of  substances 
left  when  wheat  flour  is  made  into  dough  and 
kneaded  with  water  until  no  more  starch  is 
washed  away,  is  known  as  gluten,  or  wheat- 
gluten. — 2.  For  use  in  dyeing,  the  gluten  obtained 
as  a  by-product  in  the  manufacture  of  starch  from 
wheat  has  boon  employed.  The  ijrocess  used 
in  the  manufacture  consists  in  washing  the 
starch  away  from  the  gluten,  and  then  allowing 
the  starch  to  settle  from  suspension  in  water  ; 
there  are  various  ways  of  effecting  this  :  in  one 
the  grain  is  steeped  in  water,  crushed  between 
rollers,  and  then  kneaded  on  a  sieve  with  water, 
when  the  starch  is  washed  through  and  the 
gluten  is  left  on  the  sieve. 

Properties. — In  the  moist  state  it  is  a  light- 
yellow,  tough,  clastic,  and  adhesive  mass  ;  when 
dried  it  is  brown,  translucent  at  the  edges,  and 
brittle.  Moist  gluten,  when  heated,  coagulates 
and  becomes  for  the  most  part  insoluble  in  alco- 
hol, acids,  and  solution  of  caustic  potash ;  the 
same  change  is  effected  when  it  is  dried  by  heat. 
When  moist  gluten  is  kept,  it  soon  gives  off  car- 
bon dioxide  and  liquefies  to  a  varnish-like  mass. 

Boiling  water  dissolves  out  some  of  the  con- 
stituents of  moist  gluten.  Gluten  is  only  part 
dissolved  by  boiling  alcohol.  It  is  insoluble  in 
ct!ier. 

Dilute  hydrochloric  acid  dissolves  gluten, 
giving  a  solution  which  becomes  turbid  on  boil- 
ing, and  with  which  acids  give  precipitates 
sohible  in  excess  of  the  precipitant.  Dilute 
acetic  acid  dissolves  gluten,  whether  fresh  or 
dried,  without  heating.  These  pcids,  liowever, 
leave  the  impurities  of  the  gluten,  viz.  starch,  fat, 
&c.,  undissolved.  Gluten  swells  up  and  falls  to 
pieces  in  aqueous  ammonia,  but  does  not  dis- 
solve. Fresh  gluten  dissolves  in  solutions  of 
caustic  potash  and  soda  ;  these  solutions  are 
precipitated  by  the  addition  of  acids ;  in  the 
case  of  phosphoric  and  acstic  acids  the  precipi- 
tate separates  when  the  alkali  is  just  neutralised, 
and  dissolves  on  adding  more  of  the  acid. 

Proximate  co!nj)Oiition.—  Besides  water,  fresh 
gluten  contains  a  certain  amount  of  starch 
grains,  fat,  and  other  debris ;  the  rest  of  it  is 
composed  of  several  substances  which  have  been 
differently  named  bydiffercnt  authors.  Bechamp, 
by  the  use  of  alcohol  and  of  '1  p.c.  hydrochloric 
acid  as  solvents,  isolated  four  substances,  viz. 
(1)  glutin,  which  is  soluble  in  alcohol ;  (2)  plant 
casein,  which  is  soluble  in  water;  (3)  gluteii- 
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fibrin,  which  is  soluble  in  -1  p.c.  hydrochloric 
acid  ;  and.  (4)  a  gluten-fibrin  which,  when  iso- 
lated, is  insoluble  in  acid  of  that  strength, 
although  in  the  original  gluten  the  presence 
of  glutin  enables  it  to  dissolve  in  dilute  hydro- 
chloric acid. 

Technological  Uses. 

Dyeing.  Egg  albumin  and  blood  albumin 
are  largely  used  as  mordants  in  dyeing  and 
printing  calico  and  to  some  extent  in  printing 
wool. 

Albumin  is  used  to  fix  two  classes  of  colours, 
the  action  being  somewhat  different  in  the  two 
cases.  Those  colours  which  are  employed  in  an 
insoluble  condition,  e.g.  ultramarine,  are  mixed 
in  the  cold  with  a  solution  of  albumin  and 
printed  on  the  calico,  which  is  afterwards 
steamed.  The  heat  coagulates  the  albumin, 
and  this  incloses  the  colour  and  fixes  it  perma- 
nently on  the  fibre.  The  other  class  of  colours 
which  are  employed  in  solution,  e.g.  many  of 
the  aniline  dyes,  have  the  power  of  combining 
directly  with  the  animal  fibres,  wool  and  silk,  to 
form  compounds  which  can  witlistand  washing  ; 
they  do  not,  however,  form  such  compounds 
with  vegetable  cellulose  fibres,  and  the  difficulty 
is  met  by  '  animalising  '  these  fibres  by  coagu- 
lating albumin  on  to  them ;  after  this  treatment 
the  dye  combines  with  the  albumin  as  it  does 
with  wool  and  silk,  and  becomes  fixed  to  the 
fabric.  The  solution  of  albumin  is  printed  on 
to  the  calico,  or  if  the  whole  cloth  is  to  be  dyed 
the  calico  is  impregnated  with  albumin  solution 
and  dried.  The  albumin  is  then  coagulated  by 
steaming,  and  the  fabric  is  dyed  in  a  solution  of 
the  colour  which  only  attaches  itself  iserma- 
nently  where  the  albumin  has  been  applied. 
Another  method  employed  is  to  print  the  albumin 
and  the  soluble  colour  together  on  the  calico  and 
then  to  steam.  In  using  albumin  for  various 
colours,  thickening  agents  are  in  some  cases 
mixed  with  it. 

Blood  albumin  is  cheaper  than  egg  albumin 
and  can  be  obtained  in  nearly  as  colourless  a 
condition.  A  given  quantity  of  it  has  a  greater 
thickening  power  than  the  same  quantity  of  egg 
albumin,  but  for  light  colours  it  does  not  answer 
so  well  owing  to  its  tint,  and  further  it  seems  to 
acquire  more  colour  from  the  dirty  soap  liquor 
used  in  a  subsequent  operation  than  egg  albumin 
does. 

Apreparation  of  casein, known  aslactarine, 
is  used  as  a  substitute  for  albumin  ;  it  was  intro- 
duced by  Pattison  in  18IS  for  fixing  pigment 
colours,  and  later  it  was  also  employed  for  soluble 
colours.  Lactarine  is  insoluble  in  water,  but 
with  ammonia  solution  it  yields  a  smooth  white 
paste,  which  is  employed  in  the  same  way 
as  all3umin ;  the  steaming  drives  off  the  am- 
monia, and  leaves  insoluble  casein  on  the  fibre. 
Other  solvents  emiDloyed  or  projiosed  are  caustic 
soda,  borax  and  acetic  acid.  As  left  by  the 
driving  off  of  the  ammonia,  the  casein  is  soluble 
in  alkaline  solutions,  but  if  the  ammonia  paste 
is  mixed  with  fresh  milk  of  lime  and  then 
applied  to  the  cloth,  on  heating  a  lime  cement 
is  formed  on  the  fibre  which  can  withstand 
washing  with  alkaline  liquids.  Lactarine  is  in- 
ferior to  albumin  as  a  mordant,  and  is  apt  to 
give  trouble  in  working,  as  the  paste  seldom 
keeps  good  for  twenty-four  hours. 


Skim-milk  cheese  can  be  used  instead  of 
lactarine  to  furnish  the  casein ;  it  is  macerated 
with  warm  water  to  remove  salts  and  fatty 
matters,  and  then  the  paste  is  prepared  with 
ammonia  or  causcic  soda  as  in  the  case  of 
lactarine. 

Another  substitute  for  albumen  is  gluten, 
but  it  has  not  been  largely  used.  There  are 
various  methods  of  getting  it  into  solution  ;  one 
method  is  to  leave  the  moist  gluten  until  it 
becomes  sour  and  fluid  ;  it  is  then  treated  with 
sodium  carbonate  to  render  it  insoluble  again, 
and  after  having  been  washed  it  is  dissolved  in 
caustic  soda  solution,  or  else  the  treatment  with 
sodium  carbonate  is  omitted,  and  the  sour  and 
tluid  gluten  is  mixed  at  once  with  caustic  soda 
solution.  Another  method  is  to  leave  the  moist 
gluten  until  it  is  plastic,  dry  it,  and  then  dis- 
solve it  in  saccharate  of  lime. 

Photographi/. — Albumin  is  largely  used  in 
photography  for  various  operations.    One  im- 

I  portant  use  is  in  preparing  the  sensitive  paper 
on  which  the  positives  are  printed  from  the 
glass  negative  plate.  The  paper  is  first  floated 
on  a  solution  containing  albumin  and  a  soluble 
chloride,  and  is  then  dried.  It  is  next  sensitised 
by  floating  it  on  a  solufion  of  silver  nitrate  ;  the 
result  is  a  film  containing  silver  chloride  and 
nitrate,  and  a  compound  of  silver  and  albumin, 
which  is  darkened  by  light.  The  silver  bath 
must  be  of  sullicient  strength,  otherwise  the 
albumin  is  not  rendered  insoluble. 

Albumin  is  also  used  for  the  negative  plate , 

[  in  dry  plate  processes,  a  film  of  it  is  sometimes 

!  put  on  the  plate  to  form  a  stratum  uniting  col- 
lodion to  the  glass  so  that  it  may  adhere  during 
the  subsequent  treatment ;  it  is  also  used  in 
some  of  the  preservative  liquids  applied  after 
sensitising.  In  one  process  the  film  on  the  glass 

!  before  sensitising  is  formed  of  albumin  con- 
taining potassium  iodide. 

In  photography,  egg  albumin  is  preferred  to 
blood  albumin  ;  either  white  of  egg  or  the  dried 
albumin  of  commerce  is  employed. 

Sugar  refining. — In  refining  sugar,  the  syrup 

j  obtained  by  dissolving  the  raw  sugar  contains 

i  suspended  impurities  ;  these  were  formerly  re- 
moved by  adding  blood  serum  or  fresh  blood, 

I  and  heating  to  coagulate  the  albumin  which  en- 
tangled the  suspended  matters.  This  method 
has  been  replaced,  and  the  suspended  matters 
are  removed  by  filtering  through  cotton  bags. 

H.  H.  E. 

ALCOHOL  (Ethylic  or  Vinous),  the  active 
principle  of  intoxicating  liquors,  is,  in  the  dehy- 
drated condition,  a  colourless  liquid  having  a 

specific  gravity  of  "791  at  |^  (Lowitz,  Crell's 

Ann.  1,  1796,  1-195),  -7938  at  ~°  (Fowncs,  Tr. 

1817,  249),  -793811  at  f^r^  (Drinkwater,  P.  M. 

Feby.  1848),  -793,50  at  }||o  (Squibb,  Ephemeris, 
1884-5,  and  Ph.  [3]  16,  147-148).  It  boils  at 
78-4°  under  a  pressure  of  760  mm.  (Kopp,  A.  92, 
9),  and  solidifies  at  -  130-5°  (B.  Wroblevvski  and 
H.  Olsewski,  C.R.  96, 11 40-1142  and  1225-1220). 
It  is  inflammable,  the  combustion  evolving  great 
heat  but  little  light,  and  producing  carbonic 
anhydride  and  water.  It  acts  as  a  caustic  irri- 
tant in  contact  with  the  tissues  of  the  body, 
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owing  probably  to  the  energy  with  which  it  draws 
moisture  from  the  surface.  It  possesses  a  specific 
heat  of  0'G120,  calculated  at  temperatures  bc;- 
tween  16°  and  40-5°  (SchuUer.  P.  Erg.  .5, 116-192). 
Its  index  of  refraction  for  H/3=1'.S667  (Briihl), 
and  its  critical  temperature  234-6°  at  48''.J  m. 
At  this  point  1  gr.  occupies  3-5  c.c.  (Ramsay 
and  Young,  Pr.  38,  329). 

Alcohol  forms  ethoxides  with  sodium  and 
potassium,  and  unstable  compounds  with  certain 
crystalline  salts,  e.g.  zinc  chloride,  the  latter 
called  alcoholates.  Subjected  to  the  action  of 
a  limited  supply  of  oxygen  it  is  converted  into 
aldehyde  (CB,0),  which,  by  further  oxidation, 
becomes  acetic  acid  (CH|0^).  Distilled  with 
c'lloride  of  lime,  it  forms  chloroform  (CHCl,). 
With  sulphuric  acid  at  a  temperature  not  ex- 
ceeding 14.5°  it  yields  ether  (C|H,„0).  With 
twice  its  bulk  of  sulphuric  acid  it  gives  ethylene 
(CHJ.  With  excess  of  dry  chlorine  gas  it  pro- 
duces chloral  (C.HCljO). 

Preparation.  —  Synthetically  from  its  ele- 
ments thus :  —By  jsissing  an  electric  arc  between 
carbon  poles  in  an  atmosphere  of  hydrogen 
acetylene  (C,H,)  is  produced,  which,  in  the  pre- 
sence of  nasc3nt  hydrogen,  becomes  ethylene 
(C.,H|).  Ethylene  by  protracted  shaking  with 
sulphuric  acid  is  converted  into  sulphovinic 
acid,  which,  being  distilled  in  presence  of  water, 
produces  alcohol. 

Alcohol  is,  for  practical  purposes,  prepared 
by  dehydrating  the  products  of  the  distillation 
of  fermented  li(juids.  Up  to  1796  the  strongest 
spirit  known  contained  not  less  than  5  per  cent, 
of  water.  Lowitz  appears  to  have  been  the  first 
to  prepare  it  in  an  approximately  anhydrous 
condition.  His  process  consisted  in  first  increas- 
ing the  strength  of  rectified  spirit  by  adding  to 
it  dry  potassic  tartrate,  and  after  decanting  from 
this,  distilling  very  slowly  in  presence  of  great 
excess  of  perfectly  dry  potassic  carbonate. 
Richter  used,  instead  of  ijotassic  cai-bonate,  hot 
calcium  chloride  (Crell's  Ann.  2,  211).  Drink- 
water  first  digested  with  perfectly  dry  potassium 
carbonate  for  twenty-four  hours  ;  decanted  the 
strong  spirit  thus  produced,  digested  with  as 
much  fresh-burnt  quicklime  as  was  sulKcient  to 
absorb  the  whole  of  the  alcohol,  and  afterwards 
distilled  in  a  water-bath  at  a  temperature  of 
82-2°.  The  product  of  this  distillation,  which 
was  found  to  have  a  specific  gravity  of  ■794b  at 
15'6°,  was  returned  to  the  retort,  and  a  fresh 
quantity  of  dry  pulverised  quicklime  added  to  it, 
after  which  it  was  allowed  to  digest  for  a  week 
at  a  temperature  of  1.5'6°.  It  was  then  again 
slowly  distilled  and  the  specific  gravity  of  the 
product  found  to  be  -7944  at  1.5-6°.  This  was 
digested  at  a  temperature  of  54-4°  with  hot  quick- 
lime, and  distilled  out  of  contact  with  the  air  at 
a  temperature  of  81"1°  to  82-2°,  and  the  specific 
gravity  of  the  product,  which  was  taken  as  ab- 
solute alcohol,  found  to  be  -71)3811  at 

Dr.  Squibb  followed  the  process  of  Drink- 
water,  distilling  in  a  partial  vacuum  of  380  to 
630  mm.,  and  making  use  of  the  Sprengel  pump 
to  produce  perfectly  dry  air  in  the  bottles.  The 
alcohol  he  thus  prepared  had  a  specific  gravity 
of  -793.50.  The  difference  between  this  specific 
gravity  and  that  found  by  Drinkwater  only  re- 
presents one-tenth  per  cent,  of  alcohol.  Men- 


deleef's  observations  (Z.  186.5,  260,  and  P.  138, 
103,  230)  practically  confirm  those  of  Diink- 
water  and  Fownes.' 

Tests.  —  We  are  dependent  upon  specifio 
gravity  for  the  exact  quantitative  estimation  of 
alcohol,  and  perhaps  no  method  could  be  devised 
so  easy  of  application  {v.  Alcoholomrtry).  It 
is,  however,  ojien  to  the  objection  that  it  assumes 
water  to  be  the  only  volatile  substance  with 
which  the  spirit  is  mixed,  aldehyde,  fusel  oil, 
and  ether  when  existing  as  impurities  being 
reckoned  as  alcohol.  On  the  other  hand,  no 
chemical  test,  capable  of  practical  application, 
has  yet  been  devised  for  the  exact  quantitative 
estimation.  Berthelot's  process  (C.R.  80,  1039) 
of  measuring  the  ethylene  produced  by  sulphuric 
acid  and  absorbed  by  bromine  from  a  given 
quantity  of  spirit  is  a  valuable  qualitative  test, 
and  within  limits  most  useful  when  applied 
quantitatively  in  presence  of  methylic  alcohol. 
The  production  of  iodoform  (Hager,  C.  R.  82, 
768)  may  be  employed  with  advantage  as  a  pre- 
liminary test  for  small  quantities  of  alcohol,  liut 
as  other  bodies  produce  iodoform  under  the 
same  circumstances,  it  cannot  be  regarded  as 
conclusive.  For  the  detection  of  alcohol  in 
ether  Allen  (C.  J.  2,  1877,  930)  suggests  that  a 
little  fuchsine  be  shaken  up  with  water  and 
ether,  and  10  c.c.  of  the  solution  thus  formed 
agitated  with  the  same  quantity  of  the  ether 
submitted  for  examination  ;  the  intensity  of  t'.io 
colour  produced  would  be  a  measure  of  the 
quantity  of  alcohol  present.  For  the  detection 
of  fusel  oil  in  alcohol  A..Jorissen  (B.C.  1881,791) 
recommends  that  10  c.c.  of  the  spirit  should 
be  mixed  with  10  drops  of  colom'less  aniline  and 
2  or  3  drops  of  sulphuric  acid.  A  deep-red 
colour  would  thus  be  formed  if  fusel  oil  be  pre- 
sent, due  to  the  action  of  furfuraldebyde,  an 
invariable  impurity  in  fusel  oil. 

Alcohol  is  somotimes  used  as  an  adulterant 
in  essential  oils.  A  very  ready  test  is  to  place 
a  little  of  the  oil  in  a  perfectly  dry  test-tube, 
taking  care  in  pouring  it  in  that  no;ie  adheres 
to  the  side.  Rub  a  little  fuchsine  on  the  upper 
inside  surface  of  the  test  tube  and  apply  heat, 
the  presence  of  alcohol  will  be  indicated  by  red 
stains  in  the  fuchsine.  No  satisfactory  test  has 
yet  been  suggested  for  the  estimation  of  alde- 
hyde in  alcohol,  but  the  peculiar  suffocating 
odour  which  accompanies  it,  and  the  brown 
colour  produced  by  alkalis  in  the  spirit,  are 
characteristic  of  its  presence. 

Mimufacturc. — The  first  process  in  the  manu- 
facture of  spirit  is  one  of  brewing,  and  in  general 
principles  it  does  not  difter  from  that  employed 
in  making  beer.  The  brewer,  as  well  as  the 
distiller,  endeavours  to  treat  his  materials  in 
such  a  way  as  to  extract  from  them  the  greatest 
amount  of  fermentable  matters.  The  brewer  of 
beer,  however,  does  not  desire  to  convert  all  the 
matter  he  extracts  into  spirit,  and  he  brews  at 
such  gravities  as  his  customers  require.  The 
distiller  desires  to  convert  as  much  as  possible 
of  the  matter  he  has  extracted  from  his  materials 

'  Absolutely  anhyilrons  .alcohol  prorliice^  no  blue 
colouration  with  dehydrated  (white)  copper  siilph.ate.  It 
should  give  no  cloudiness  wlien  mixed  with  benzene. 
Absolutely  anhydrous  alcohol  .added  to  a  mixture  of  an- 
thraqninone  ('UOl  gr.)  with  a  little  sodium  amalgam  gives 
a  green  colouration  ;  if  a  tr;ice  o£  water  be  present  the 
coloiu-  becomes  red  (Glaus,  B.  10,  927), 
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into  spirit ;  he  therefore  produces  a  wort  contain- 
ing more  maltose  and  less  dextrinous  matter 
than  the  brewer  of  beer.  He  has  also  an  ad- 
vantage over  the  brewer  in  being  able  to  choose 
the  gravities  which  he  knows  by  experience  will 
produce  the  best  results.  It  has  been  found  that 
for  distillers'  purposes  it  is  advisable  to  keep  the 
specific  gravity  of  the  wort  when  set  for  fermen- 
tation below  1040°.  The  principle  of  low  tem- 
peratures when  the  diastase  is  acting  in  the 
mash  tun  appears  to  be  fully  recognised,  60°  to 
63°  being  generally  adopted,  and  it  is  understood 
that  the  higher  the  temperature  at  which  the 
worts  are  set  for  fermentation,  the  greater  is  the 
amount  of  fusel  oil  in  the  spirit.  The  distiller 
has,  therefore,  to  choose  the  lowest  temperature 
at  which  a  healthy  fermentation  can  be  started, 
and  this  is  found  to  range  between  23°  and  25°. 
He  cannot  be  too  careful  as  to  the  purity  of  his 
yeast,  for  not  only  has  he  to  run  the  risk  of 
acetic  and  other  ferments  being  introduced  into 
his  wort,  involving  loss  of  alcohol,  but  to  provide 
a5:ainst  the  presence  of  aldehyde  which  is  so 
objectionable  in  his  spirit.  Kekul6  attributes 
the  presence  of  aldehyde  to  the  action  of  nitrates 
derived  from  the  materials.  It  is  found  in  prac- 
tice that  it  is  always  more  prone  to  appear  in 
hot  weather,  when  the  difficulty  of  keeping  the 
yeast  from  decomposition  is  greatest,  and  as  yeast 
always  contains  some  spirit  in  a  dilute  form  it 
is  not  improbable  that  the  aldehyde  is  frequently 
a  product  of  the  oxidation  of  this  spirit. 

The  materials  used  in  the  manufacture  of 
alcohol  in  the  United  Kingdom  are  chiefly  malt, 
maize,  rice,  barley, r3'e,  oats,  sugar,  and  molasses, 
but  occasionally  dates  and  locust  beans  have 
been  employed.  In  Scotland  the  smaller  distillers 
use  malt  only,  and  the  spirit  they  produce  under 
the  name  of  Highland,  Campbeltown,  or  Islay 
Whiskey,  Glenlivet,  Lochnagar,  &c.,  has  im- 
parted to  it  a  flavour  derived  partly  from  the 
peat  used  in  drying  the  malt.  The  process  of 
manufacture  consists  in  distilling  the  fermented 
wovt — then  called  wash — in  a  common  still,  col- 
lecting the  distillate,  which  is  weak  spirit  con- 
taminated with  fusel  oil,  and  is  called  'Low 
Wines,'  and  redistilling.  The  spirit  which  passes 
over  in  the  middle  of  the  redistillation  is  that 
-which  is  used  for  consumption.  It  contains  from 
GO-8  to  70-7  per  cent,  of  alcohol  by  weight  (20 
overproof  to  45  overproof),  but  is  generally 
diluted  by  the  addition  of  water  to  55-4  per 
cent,  of  alcohol  by  weight  (11  overproof)  before 
being  sent  into  consumption  or  placed  in  bond. 
Irish  whiskey  differs  from  Scotch  chiefly  in  the 
absence  of  peat  flavour.  The  materials  used  in 
its  manufacture  are,  with  one  or  two  exceptions, 
a  mixture  of  malt  and  grain,  the  proportion  of 
malt  being,  however,  greater  than  in  English 
distilleries.  It  is  generally  bonded  at  25  over- 
proof  (64  per  cent,  of  alcohol  by  weight). 

We  have  hitherto  dealt  with  the  spirit  manu- 
factured in  '  Common  '  or  '  Pot '  stills,  or  in 
other  words  by  boiling  the  wash,  condensing  the 
steam  thus  produced,  reboiling  the  product  and 
recondensing.  But  by  far  the  greater  quantity 
of  the  alcohol  of  commerce  is  produced  by  the 
Coffey  still,  in  which  the  alcoholic  vapour  hav- 
ing been  produced  is  deprived  of  water  as  the 
process  continues  until  a  sjjirit  is  formed  of 
much  greater  purity  than  that  manufactured 


by  the  old  method.  The  annexed  sketch  re- 
presents a  Coffey's  distilling  apparatus,  the 
left  hand  column  beiiig  called  the  analyser, 
the  right  hand  one  the  rectifier.  The  first 
operation  is  to  fill  both  columns  with  steam. 
This  is  accomplished  by  introducing  it  under 
pressure  from  the  boiler  at  c,  whence  it  ascends 
within  the  analyser,  passing  by  the  pipe  m 
into  the  bottom  of  the  rectifier.  When  a  proper 
temperature  has  been  attained,  the  wash  is 
pumped  from  the  wash  charger  by  a  pipe 
which  enters  the  top  of  the  rectifier.  This 
pipe  is  only  shown  sectionally  in  the  sketch 
after  entering  the  column,  but  it  is  continuous, 
and  the  wash  passes  slowly  through  it,  becoming 
■warmer,  owing  to  the  pipe  being  in  contact  with 
the  steam.  When  it  has  reached  the  bottom  of 
the  rectifier  it  is  not  far  from  the  boiling-point. 
It  will  be  seen  that  the  pipe  then  ascends,  and 
finally  delivers  the  wash  into  the  top  of  the 
analyser.  The  lines  across  the  analyser  repre- 
sent plates  of  perforated  copper,  and  in  connec- 
tion with  each  is  a  tube  which  projects  about  an 
inch  and  a  half  above  the  plate,  and  dips  into  a 
shallow  vessel  placed  on  that  next  beneath.  The 
wash  on  entering  falls  on  the  first  plate,  but  on 
reaching  a  depth  of  an  inch  and  a  half  passes 
through  the  tube  to  the  second  one.  In  the 
meantime  the  steam  produces  ebullition  in  the 
contents  of  the  plates,  and  carries  away  with  it 
the  alcoholic  vapour  through  the  steam  exit 
pipe,  so  that  by  the  time  the  wash  has  reached 
the  bottom  of  the  column  it  has  been  deprived 
of  its  alcohol.  The  alcoholic  vapour  passes  by 
the  pipe  m  into  the  bottom  of  the  rectifier,  which 
like  the  analyser  contains  plates  and  metal 
tubes,  and  where  a  process  of  gradual  cooling 
takes  place  by  the  action  of  the  pipe  carrying 
the  cold  wash.  Fusel  oil  vapour,  condensing  at 
a  higher  temperature  than  alcohol,  is  the  first 
to  assume  the  liquid  form,  and  contaminated 
with  sijirit  passes  into  the  hot  'Feints'  re- 
ceiver. The  vap>our  containing  alcohol  con- 
tinues to  ascend,  meeting  with  portions  that 
have  condensed,  and  are  undergoing  the  process 
of  rectification.  It  will  be  seen  that  the  upper 
part  of  the  apparatus  is  marked  off  in  the  sketch 
as  finished  spirit  condenser.  It  is  so  called  be- 
cause all  that  condenses  within  its  area,  instead 
of  returning  towards  the  bottom  of  the  apparatus 
to  be  rectified,  passes  by  the  finished  spirit 
pipe  or  Feints  pipe  into  the  receivers.  At  the 
top  of  the  apparatus  is  a  pipe  marked  '  alcoholic 
steam  exit '  which  carries  away  most  of  the 
aldehyde  as  well  as  spirit  vapour  which  under 
special  circumstances  may  not  have  been  con- 
densed before  reaching  that  point. 

The  English  distillers  confine  themselves 
exclusively  to  this  apparatus,  brewing  for  tlie 
most  part  from  a  mixture  of  grain  and  malt. 
The  spirit  produced  does  not  to  any  large  ex- 
tent go  into  consumption  as  whiskey,  the  want  of 
flavour  being  an  objection  in  regard  to  the  better 
qualities.  Large  quantities  are  transferred  to 
the  rectifiers  who  redistil  them  with  various 
flavouring  ingredients,  producing  gin,  British 
brandy,  British  rum,  and  the  various  cordials. 
A  portion  after  being  redistilled  from  potash  or 
potassic  carbonate,  or  filtered  through  charcoal, 
is  used  in  the  arts  and  in  medicine  under  tlie 
names  of  rectified  spirit  and  spirits  of  wine. 


ALCOHOL. 


57 


The  British  Pharmacopceia  (1885)  requires 
rectified  spirit  to  be  of  a  specific  gravity  of  -838, 
equal  to  84  per  cent,  of  alcohol  by  weight.  The 
Pharmacopoeia  of  the  United  States  fixes  it  at 
•820,  equal  to  91  per  cent.,  which  is  about  the 
strength  it  comes  from  Cofiey's  apparatus.  It 


is  from  this  spirit  that  anhydrous  or  absolute 
alcohol  is  generally  prepared.  It  varies  con- 
siderably in  flavour  and  according  to  the  United 
States  Dispensatory,  1883,  the  purest  is  produced 
under  Atwood's  patent  in  which  permanganic 
acid  is  used  to  destroy  the  disagreeable  organic 
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Eubstances.  It  has  been  suggested  that  the  I 
purity  of  strong  spirit  might  be  considerably  in- 
creased by  redistilling  in  vacuo.  Keference  has 
already  been  made  to  the  occurrence  in  variable 
quantity  of  secondary  products  on  fermentation. 
Pasteur  (A.  Ch.  58,  330)  has  shown  that  on  the 
fermentation  of  sugar  3-16  per  cent,  of  glycerin 
and  0-07  per  cent,  of  succinic  acid  is  produced. 
These  bodies  are,  however,  very  slightly  volatile, 
and  therefore  can  only  pass  into  the  spirit  in 
very  small  proportion. 

We  have  hitherto  confined  our  remarks  to 
spirit  manufactured  in  the  United  Kingdom. 
Of  those  possessing  importance  abroad,  the  prin- 
cipal is  brandy,  the  production  of  which  from 
gi-npe  wine  is  an  industry  conflnod  almost  en- 
tirely to  France.  The  best  brandy  ia  derived 
from  white  wine,  but  a  considerable  quantity  of 
spirit  is  imported  from  the  Continent,  under  the 
name  of  brandy,  which  has  either  been  mixed 
with  other  spirits  or  prepared  from  substances 
bearing  no  relation  to  wine.  The  distillation  of 
genuine  brandy  takes  place  in  stills  which  are 
in-actically  on  the  pattern  of  common  or  pot 
stills  ;  the  improvements  being  chiefly  confined 
to  the  adoption  of  means  for  carrying  on  the 
distillations  continuously.  Illustrations  of  the 
various  stills  now  in  use  will  be  found  in 
Duplais'  treatise  on  the  manufacture  and  dis- 
tillation of  alcohol.  Brandy  is  generally  im- 
ported into  this  country  at  a  strength  of  1  or 
'2  overproof  (50  per  cent,  of  alcohol  by  weight) 
(i'.  Bkandy). 

Eum  is  the  spirit  produced  by  fermenting 
diluted  molasses  and  distilling  the  product  in  an 
ordinary  still.  Its  character  is  due  to  the  forma- 
tion of  ethyl  butyrate,  which,  when  added  to 
other  spirits,  produces  a  flavour  difficult  to 
distinguish  from  genuine  rum.  The  strength  at 
which  rum  is  generally  imported  into  this  coun- 
try is  about  twenty  overproof  (60'8  per  cent,  of 
alcohol  by  weight)  {v.  Eum). 

The  molasses  from  the  beet  sugar  manu- 
factories in  France  is  now  utilised  in  making 
spirit,  being  simply  neutralised,  generally  mixed 
with  a  little  rye  flour  and  malt,  fermented  and 
distilled.  The  best  qualities  of  spirits  thus  pro- 
duced are  according  to  Duplais  devoid  of  taste 
or  any  peculiar  aroma,  and  are  employed  in  the 
manufacture  of  liqueurs,  for  improving  common 
brandies  and  for  refining  rectified  spirit. 

Geneva  or  Hollands  is  a  well-known  form 
of  gin  manufactured  in  Holland  where  the  grain 
spirit  is  for  the  most  part  made  from  a  mixture 
of  malt  and  rye.  It  does  not  possess  any 
characteristic  to  distinguish  it  from  the  same 
article  manufactured  by  rectifiers  in  this  country, 
and  its  consumption  appears  to  be  declining 
(v.  Gin).  Absinth  now  largely  consumed  in 
France  is  also  a  form  of  gin  in  which  the  spirit 
is  flavoured  with  the  bitter  principle  of  worm- 
wood, together  with  extracts  of  some  or  all  of 
the  following  plants  :  fennel,  hyssop,  anise,  co- 
riander, angelica  seed,  dried  veronica,  chamo- 
mile and  m'mt  {v.  Absinth).  A  large  quantity 
of  spirit  manufactured  in  Germany  from  po- 
tatoes is,  imported  into  this  country,  coming 
into  competition  with  the  lowest  qualities  of 
spirits  of  wine  of  the  British  distilleries. 

Keference  has  already  been  made  to  the  bond- 
ing of  whiskey  — that  is,  placing  it  in  warehouses 


under  the  control  of  the  revenue  authorities 
where  it  remains  maturing  for  periods  varying 
from  a  few  months  to  several  years.  The  exact 
change  which  takes  place  during  the  maturing 
process  has  not  yet  been  satisfactorily  ex- 
plained, although  the  labours  of  Pelletan,  Dumas 
and  Stas,  Gaultier,  Chancel,  Wurtz,  Cahours, 
JJalard,  Liebig  and  Belouze,  Pasteur,  Fittig,  and 
Kramer  and  Pinner  have  added  largely  to  our 
knowledge  of  the  subject.  According  to  the  re- 
searches of  these  authorities  fusel  oil  is  a  com- 
plex substance  and  a  necessary  accompaniment 
to  fermentation.  In  grain  fermentations  amyl 
alcohol  is  the  predominant  constituent  of  this 
oil,  but  proijyl  and  butyl  alcohol  are  also  present. 
In  wine  fermentations  it  consists  principally  of 
tenanthyl  and  caproyl  alcohols.  It  is  probable 
that  these  alcohols  are  converted,  in  the  process 
of  maturing  the  spirit,  from  a  disagreeable 
smelling  and  highly  intoxicating  body  into  com- 
pound ethers  which  are  both  fragrant  and 
harmless. 

In  the  process  of  mellowing  there  is  generally 
a  loss  of  alcohol,  varying  with  the  length  of  time 
and  the  condition  of  the  atmosphere  of  the 
warehouse.  The  revenue  authorities  fully  re- 
cognise this,  and  make  the  necessary  allowances 
in  charging  the  duty.  It  will  therefore  be  ap- 
parent that  alcoholic  strength  based  on  specific 
gravity  is  not  always  a  measure  of  the  money 
value  of  spirits  as  beverages.  The  Food  and 
Drugs  Amendment  Act  (42  &  43  Vict.  c.  30)  has 
fixed  a  limit  below  which  spirits  shall  be  assumed 
to  be  diluted.  This  limit  is  twenty-five  under 
proof  (35'8  p.c.  of  alcohol  by  weight)  for  whiskey, 
brandy,  and  rum  ;  and  thirty-five  under  proof 
(30-8  p.c.  alcohol  by  weight)  for  gin. 

Uses. — In  addition  to  its  use  as  a  beverage, 
spirit  is  employed  as  a  solvent  for  many  of  the 
drugs  required  in  medicine,  and  diluted  to  the 
standard  of  British  proof  — that  is,  to  the  specific 
gravity  of  -91984  at  15-6°,  representing  49-24 
p.c.  by  weight  of  Drink'vvater  and  Fownes 
alcohol — it  forms  part  of  a  large  proportion  of 
the  tinctures  of  the  Materia  Medica.  It  is  also 
used  largely  as  a  solvent  for  essential  oils,  in 
preparing  perfumes  and  essences,  and  ether  is 
manufactured  from  it.  The  alcohol  used  in  all 
the  above  preparations  jjays  a  duty  of  10s.  per 
proof  gallon,  equal  to  very  nearly  18s.  id.  per 
gallon  of  the  alcohol  of  Gay-Lussac,  the  standard 
of  France. 

Adulteration. — Although  it  has  been  stated 
that  spirits,  especially  gin,  were  formerly  adul- 
terated with  capsicum  and  even  sulphuric  acid, 
in  order  to  increase  their  fiery  character,  it 
is  satisfactory  to  find  that  in  the  working  of 
the  Food  and  Drugs  Act  no  evidence  has  been 
afforded  of  such  practices  during  late  years. 
The  report  of  the  Local  Government  Board, 
1885,  after  referring  to  the  fact  that  one-fourth 
the  samples  submitted  for  analysis  were  diluted 
below  the  standard,  adds,  '  It  is  satisfactory, 
however,  to  find  that  water  is  the  only  adul- 
terant employed.' 

Methylated  spirit.  In  1853  a  strong  repre- 
sentation was  made  to  the  Government  to  allow 
the  use  of  alcohol  duty-free  in  the  arts  and 
manufacturing  processes  in  which  it  was  re- 
quired, and  after  careful  inquiry  the  Board  of 
Inland  Keveuue  in  1855  decided  to  sanction 
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under  certain  restrictions  a  mixture  of  nine 
parts  of  spirits  of  wine  and  one  part  of  methyl 
alcohol  (wood  naphtha)  free  of  duty  under  the 
name  of  methylated  spirits.  The  reasons  for 
selecting  wood  naphtha  were  that  while  it  would 
be  least  likely  to  interfere  in  any  of  the  processes 
for  wliich  alcohol  was  required — especially  as  a 
solvent— it  would  be  very  difficult  to  separate 
Irom  the  alcohol  when  once  mixed.  It  was  pro- 
vided that  it  should  not  be  used  in  any  beverase, 
or  medicine  which  could  be  taken  internally. 
The  principal  restriction  on  the  use  of  methyl- 
ated spirit  is  that  it  shall  only  be  kept  by 
authorised  persons  and  in  authorised  pre- 
mises. 

Uses. — Methylated  sp'rit  is  used  as  a  solvent 
for  gum  resins,  including  varnishes,  for  burning 
in  lamps,  in  the  manufacture  of  transparent 
soap,  collodion,  aniline  colours,  white  lead  and 
acetate  of  lead.  It  is  also  used  as  an  antiseptic 
in  preserving  anatomical  specimens.  The  con- 
sumption of  this  spirit  has  increased  from 
145,000  bulk  gallons  in  1857  to  1,900,000  in 
1887. 


Tests.  —  For  the  detection  of  metliylated 
spirit  in  ordinary  alcohol,  Kiche  and  Bardy 
(C.N.  31,  239)  recommend  the  distillation  of 
10  c.c.  of  the  alcohol  with  15  gr.  of  iodine  and 
2  gr.  of  red  phosphorus,  and  the  conversion  of 
the  methyl  or  ethyl  iodide,  which  distils  over, 
into  methyl  or  ethyl  aniline.  Methyl  aniline  on 
being  oxidised  produces  the  well-known  violet, 
and  the  intensity  of  the  colour  dyed  on  a  piece 
of  white  wool  2  feet  in  length  wilh  a  very 
dilute  solution  of  the  aniline  violet  is  the 
measure  of  the  proportion  of  methyl  alcohol 
present.  The  test  when  carefully  performed  pro- 
duces satisfactory  results,  but  its  application, 
as  indeed  that  of  all  tests,  must  be  preceded  by 
the  separation  of  the  alcohol  from  all  organic 
matter.  Another  test  called  Miller's  (Ph.,  April 
1805)  is  to  oxidise  the  alcohols  with  potassium 
bichromate,  and  estimate  the  formic  acid  thus 
produced. 

Gunning's  test  (C.N.  17,  186  and  196),  a 

modification  of  that  of  Nessler,  is  a  useful 
preliminary  test  where  strong  spirit  is  being 
dealt  with. 


The  following  are  the  quantities  of  British  and  Foreign  spirits  consumed  in  Great  Britain  and 
Ireland,  and  British  spirits  exported  calculated  in  gallons  at  proof. 


Year  cniling 
31st  Marcli 

Spirits  cliarsed  with  duty. 
Ga'lons 

Total  charged 
witli  duty. 
Gallons 

Spirits 
iiiotli\  latcd. 
Gallons 

British 
spirits  exported. 
Gallons 

Spirits 
consumed  as 
ships  stores. 

Gallons 

British 

Foreign 

1875 
18,S5 
IMSO 
1887 

29,821,574 
29,224,474 
27,551,982 
26,935,873 

11,779,720 
8,349,300 
8,01)8,400 
8,168,000 

41,601,294 
37,573,834 
35,0."0,382 
35,103,933 

"  1,180,000 
2,334,835 
2,477,798 
2,073,375 

2,101,875 
3,832,545 
4,095,785 
3,960,819 

655,-595 
354,2.50 
359,178 
326,150 

Quantities  of  British  and  Foreign  spirits  consumed  in  Great  Britain  and  Ireland,  and  British 
spirits  exported  calculated  in  gallons  of  alcohol  of  Gay-Lussac. 


Year  ending 
31st  March 

Spirits  charged  with  duty. 
Gallons 

Total  charged 
with  duty. 

Sjiirits 
methylated. 

British 
spirits  exported. 

Spirits 
consunieil  as 
shi|is  stores. 

Gallons 

British 

Foreign 

Gallons 

Gallons 

Gallons 

1875 

17,207,040 

0,796,890 

24,003,930 

080,891 

1,039,080 

378,270 

1885 

10,802,520 

4,817,580 

21,680,100 

1,347,190 

2,211,370 

204,400 

1886 

15,897,490 

4,072,770 

20,570,200 

1,429,080 

2,303,260 

207,240 

1887 

15,541,990 

4,712,970 

20,254,960 

1,-542,530 

2,285,380 

188,180 

The  quantity  of  Foreign  spirits  exported  iu  1875  was  3,045,042  proof  gallons.    In  1885  it  was 


2,157,201  proof  gallons 

ALCOHOLOMETRY  is  the  term  applied  to 
any  process  for  estimating  the  amount  of  alcohol 
in  a  spirituous  liquid.  When  the  liquid  is  a 
mixture  of  alcohol  and  water,  the  quantity  of 
alcolud  can  be  indicated  by  its  specific  gravity  ; 
but  when  it  holds  in  solution  other  bodies,  they 
must  be  separated  by  distillation  and  reiilaced 
by  water  before  the  specific  gravity  can  be 
ascertained. 

When  two  liquids,  on  being  mixed,  neither 
contract  nor  expand,  the  specific  gravity  of  the 
mixture  can  be  readily  ascertained  by  the  well- 
known  formula— 

r,  -I-  r.,  ' 

r,  and  r,^  representing  respectively  the  volumes 
of  the  components,  and  fZ,  and  d.,  their  densities. 
In  the  case  of  mixtures  of  alcohol  and  water, 


G.  N.  S. 

however,  contraction  takes  place  varying  in 
amount  according  to  the  ptroportion  of  alcohol 
to  water  in  the  mixture. 

It  has  therefore  been  found  necessary  to 
ascertain  by  actual  experiment  the  densities  of 
mixtures  of  alcohol  and  water  in  all  proportions 
and  at  various  temperatures.  The  results  of 
these  experiments  are  embodied  in  tables,  gene- 
rally associated  with  the  names  of  those  who 
carried  out  the  investigations.  In  1794  Sir 
Charles  Blagden,  in  conjunction  with  Mr.  Gilpin, 
concluded  a  very  extensive  and  careful  series  of 
experiments,  undertaken  at  the  request  of  the 
British  Government  (Tr.  1794),  which  have 
been  generally  recognised  as  accurate,  and 
accepted  by  some  of  the  Continental  govern- 
ments as  the  basis  of  their  systems.  At  that 
time  anhydrous  alcohol  had  not  been  prepared, 
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and  the  experiments  were  made  with  spirit 

15*6° 

having  a  specific  gravity  of  -825  at  — ^.  Tralles, 
who  in  1811  was  engaged  in  a  like  investigation 
for  the  Prussian  Government  (G.  A.  1811),  con- 
firmed the  researches  of  Blagden  and  Gilpin. 
He  also  found  by  experiment  that  spirit  of  the 
specific  gravity  of  -7986— the  strongest  he  had 
been  able  to  prepare— must  contain  9-G3  p.c.  by 
weight  of  water  when  reduced  to  the  specific 
gravity  of  -825.  In  the  meantime,  Lowitz  and 
Eichter  had  prepared  alcohol  of  the  specific 
gravity  of  -7939  at  or  -7946  at  Tralles 
therefore  accepted  this  specific  gravity  as  that 
of  pure  alcohol,  and  calculated  the  composition 
of  the  spirit  of  Gilpin  and  Blagden  as  - 

Alcohol  by  weight       .       .    89-2  p.c. 

Water       „         ...    IP'S  „ 

100-0 

and  alcoliol  by  volume  92-6  p.c.  He  also  care- 
fully tested  and  substantially  confirmed  the 
results  Blagden  and  Gilpin  obtained  by  mixing 
strong  spirit  and  water  in  all  proportions,  and 
upon  these  data  constructed  the  tables  now  in 
general  use  in  Germany.  Gay-Lussac  undertook 
similar  researches  for  France.  Beginning  with 
alcohol  of  the  specific  gravity  of  -7947  at  or 

•7944  at  Jl^l^,  his  results  do  not  in  every  case 
exactly  accord  with  those  of  Tralles,  but  they 
are  sufliciently  alike  to  be  used  for  all  com- 
mercial purposes.  The  whole  subject  has  been 
investigated  by  McCulloch  for  the  Govern- 
ment of  the  United  States  (Senate  document 
No.  50,  1848),  who  practically  confirms  the  pre- 
vious results,  and  on  whose  recommendation 
a  system  has  been  adopted  by  the  revenue 
authorities  in  which  50  p.c.  by  measure  of 
Tralles' alcohol  at        being  called  100  degrees 

of  proof  spirit,  every  degree  of  American  proof 
is  equal  to  '5  p.c.  of  Tralles'  alcohol. 

The  most  definite  form  of  expressing  the 
proportions  of  alcohol  in  spirit  is  by  weight, 
because  the  proportion  by  volume  varies  with 
the  temperature,  whereas  that  by  weight  is  con- 
stant. For  scientific  purposes,  therefore,  the 
strength  of  spirit  is  always  expressed  in  per- 
centage by  weight,  and  this  is  found  by  taking 
the  specific  gravity  by  means  of  a  specific  gravity 
bottle  at  the  temperature  of  15'6^. 

The  annexed  table  compiled  by  Fownes 
(Tr.  1847)  gives  the  percentage  by  weight  of 
alcohol  of  the  specific  gravity  of  '7938  at  —-q  cor- 
responding to  various  gravities,  and  can  be  easily 
interpolated  for  any  intermediate  gravity. 

Drinkwater  made  mixtures  of  alcohol  of 
specific  gravity  -7938  at  with  from  99  to 
90  p.c.  of  water.  His  results  differ  slightly  from 
those  given  in  the  table  of  Fownes,  the  specific 
gravities  for  7,  8,  9  and  10  p.c.  of  alcohol  being 
respectively  -9881,  -9807,  -9853  and  -9889,  repre- 
senting differences  of  from  -15  to  -18  p.c.  of 
alcohol.  Squibb  also  made  mixtures  of  alcohol 
of  -7935  with  from  1  to  00  p.c.  of  water,  the 
greatest  discrepancy  between  his  results  and 
those  of  Fownes  being  in  the  case  of  75-75 
according  to  Stiuibb,  which  is  7G0p.c.  according 


to  Fownes.  The  more  dehydrated  alcohol  of 
Squibb  accounts  for  '1  p.c.  of  this  -25,  so  that 
no  greater  difference  of  observation  than  -18  p.c. 
is  to  be  found  in  the  work  of  these  three  autho- 
rities. The  results  of  Tralles'  and  Gay-Lussac's 
experiments,  being  based  upon  a  less  dehydrated 
alcohol,  do  not  compare  so  precisely  with  those  of 
Fownes,  but  the  discrepancy  never  exceeds  -4  p.c. 


Per- 

Per- 

Per- 

SpGcific 

Specific 

centafre 

gr.ivity 

of  ° 

gravity 

gravity 

of 

.ilcohol 

alcohol 

alcoliol 

•9991 

0-5 

•9511 



34 

•87G9 

68 

•9981 

1 

•9490 

35 

•8745 

69 

•9905 

2 

•9470 

36 

•8721 

70 

•9947 

3 

•9452 

37 

•8696 

71 

•9330 

4 

•9434 

38 

•8672 

72 

•9914 

5 

•9416 

39 

•8649 

73 

•9398 

6 

•9396 

40 

•8625 

74 

•9884 

7 

•9376 

41 

•8603 

75 

•9809 

8 

•9356 

42 

•8581 

76 

•9855 

9 

-9335 

43 

•8557 

77 

•9841 

10 

•9314 

44 

•8533 

78 

•9828 

11 

•9292 

45 

•8508 

79 

•9815 

12 

•9270 

46 

■8483 

80 

•9802 

13 

•9249 

47 

■8459 

81 

•9789 

14 

•9228 

48 

•8434 

82 

•9778 

15 

•9206 

49 

•8408 

83 

•9766 

IG 

•9184 

50 

•8332 

84 

•9753 

17 

•9160 

51 

•8357 

85 

•9741 

18 

•9135 

52 

!  -8331 

86 

•9728 

19 

•9113 

53 

1  -8305 

87 

•9716 

20 

•9090 

54 

-8279 

88 

•9704 

21 

•9069 

55 

•8254 

89 

•9G91 

22 

•9047 

56 

•8228 

90 

•9G78 

23 

•9025 

57 

•8199 

91 

•9GG5 

24 

•9001 

58 

•8172 

92 

•9652 

25 

•8979 

59 

•8145 

93 

•9638 

23 

•8956 

60 

'8118 

94 

•9G23 

.27 

•8932 

61 

•8089 

95 

•9G09 

28 

•8908 

62 

•8061 

96 

.9.393 

29 

•8886 

63 

•8031 

97 

•9578 

30 

•8863 

64 

•8001 

98 

•9560 

31 

•8840 

G5 

•7969 

99 

•9544 

32 

•8816 

66 

•7938 

100 

•9528 

33 

•8793 

67 

In  the  assessmenc  of  duty  and  in  commercial 
transactions  in  this  country  the  standard  of 
strength  is  called  'proof.'  This  standard  has 
been  found  to  have  the  specific  gravity  of 
•91984  at  ^y^,  and  to  contain  49-24  p.c. -by 

weight  of  alcohol  of  the  specific  gravity  of 
•79381,  and  by  measure  57^0G  p.c.  It  should  be 
understood,  however,  that  in  speaking  of  57-06 
p.c.  by  measure,  we  mean  that  100  gallons  of 
this  proof  spirit  contains  57-06  gallons  of 
alcohol.  If  this  alcohol  were  separated  from 
the  water,  it  would  be  found  that  57-06  gallons 
of  alcohol  and  46-68  gallons  of  water  would  be 
produced— a  total  of  103-74  gallons ;  and  if 
these  proportions  of  alcohol  and  water  were 
mixed  again,  they  would  be  found  to  have  con- 
tracted in  measure  to  100  gallons. 

The  hydrometer  of  Sikes,  being  the  legalised 
instrument  of  the  Ee venue  in  Great  Britain  and 
Ireland  as  well  as  of  most  of  the  British  colonies, 
is  generally  adopted  in  commerce  for  ettimating 
the  strength  of  spirits.     It  is  made  of  hard 
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metal,  gikled,  and  consiists  of  a  hollow  ball,  into 
one  end  of  which  a  stem  is  inserted,  and  into 
the  other  end  a  thin  solid  cylinder,  ending  in  a 
knob.  The  stem  is  marked  10  at 
the  lower  and  0  at  the  upper  end, 
and  between  these  two  extremes 
there  is  a  mark  for  every  xlj'^^s, 
each  division  being  equal  in  length. 
When  the  instrument,  on  being 
placed  in  spirit  at  the  tempera- 
ture of  15  G°,  rises  to  0,  it  repre- 
sents a  strength  of  07  oveiproof, 
or  95'3  per  cent,  of  the  alcohol  of 
Tralles  ;  and  when  it  sinks  to  10 
it  represents  58''2  overj)roof,  or 
90-2  per  cent,  of  the  same  alcohol. 
For  strengths  weaker  than  these 
nine  weights  are  employed,  the 
smallest  being  marked  10  and  the 
largest  and  heaviest  90.  These 
are  attached  to  the  knob  at  the 
lower  end  of  the  instrument. 
When  the  stem  sinks  to  10  with 
the  90  weight  attached,  at  the 
temperature  of  10'G°,  the  indica- 
tion is  100,  representing  distilled 
water.  The  indications  are  interpreted  in 
actual  strength  overproof  and  underproof  by 
means  of  a  book  of  tables  which  accompanies 
the  instrument.  The  results  are  accurate  at 
the  temperature  at  which  the  instrument  has 
been  adjusted,  and  between  5-5°  (42°F.)  and  20^ 
((jS°F.)  it  does  not  show  any  greater  error  than 
•5  p.c.  of  alcohol.  It  piossesses  an  advantage 
over  most  other  alcoholometers  in  the  fact  that 
its  scale  can  be  easily  read  to  '2  p.c.  of  alcohol. 

On  the  Continent  the  alcoholometers  of  Gay- 
Lussac  and  of  Tralles  are  those  most  exten- 
sively used.  They  are  made  of  glass,  are  without 
weights,  and  differ  from  the  hydrometer  of  Sikes 
in  indicating,  the  first  at  a  temperature  of  15° 
and  the  second  at  15'C°,  the  percentage  of  alcohol 
by  measure,  without  reference  to  any  table.  The 
differences  in  their  results  are  so  slight  as  to 
permit  of  the  instruments  being  interchangeable 
for  commercial  purposes,  but  their  scales  are 
not  marked  for  less  than  1  p.c.  of  alcohol.  The 
National  Academy  of  Sciences  of  the  United 
States  (Senate  Mis.  Doc.  44,  1867)  have  recom- 
mended the  adoption  of  a  series  of  five  of  these 
alcoholometers,  each  having  a  limited  range, 
and  the  scales  being  proportionately  larger.  On 
the  other  hand,  the  Kussian  Government  in 
1872  permitted  the  use,  side  by  side  with  the 
alcoholometer  of  Tralles,  of  a  metal  instrument, 
resembling  that  of  Sikes  in  form  and  in  the 
number  of  its  weights,  but  reversing  the  indica- 
tions of  Sikes,  so  that  100  is  made  to  represent 
95-5  p.c.  of  Tralles'  alcohol  at  15-6°,  and  0  to 
rejjresent  water. 

By  means  of  Table  I.  the  indications  of  any 
one  of  these  instruments  can  be  converted  into 
degrees  of  any  other,  into  percentages  of  alcohol 
by  measure,  or  into  English  or  American  proof 
at  the  temperature  of  1.5-6°  (GO°F.).  The 
column  marked  percentage  of  alcohol  of  France 
refers  to  the  alcoholometers  of  Gay-Lussac,  of 
Tralles,  and  of  Meissner. 

The  hydrometers  of  Cartier  and  Baum6  are 
still  to  some  extent  used  in  France,  and  that  of 
Beck  in  Switzerland. 


An  example  will  best  show  how  to  use  the 
table.  Let  the  Gay-Lussac  or  Tralles  alcoho- 
lometer show  86  p.c.  of  alcohol  at  10°  {50°F.) 
or  5-6°  (10°F.)  below  the  standard  of  15-0° 
(GO°F.).  The  specilic  gravity  corresponding  to 
86  p.c.  in  the  table  of  strengths  (Table  I.)  is 
•8-106.  The  correction  for  each  degree  of  centi- 
grade temperature  between  -8100  and  -8500  in 
Table  II.  is  -OOOSS  which  multiplied  by  5-6  pro- 
duces -0047.  The  temperature  being  below  the 
standard,  -0047  must  be  deducted  from  the 
specific  gravity.  Therefore  -8466  --0047  =  -8419, 
and  this  specific  gravity  in  Table  I.  will  be 
found  to  correspond  very  nearly  to  87'7  p.c.  of 
alcohol  or  53-7  English  overproof.  If  the  86  p.c. 
of  alcohol  had  been  found  at  21-2°  (70°F.)  the 
figures  -0047  must  be  added  to  -8466,  producing 
■8513,  equal  to  very  nearly  84-2  p.c.  of  alcohol. 

In  comparing  American  with  English  i^roof, 
it  is  necessary  to  remember  that  the  American 
gallon  is  smaller  than  the  English  imperial 
gallon,  100  English  being  equal  to  120  American 
gallons.  After  allowing  for  this  difference  it 
will  be  found  that  100  English  proof  gallons 
are  equal  to  136-95  American  proof  gallons. 

Up  to  the  year  1881,  the  strength  of  brandy 
and  rum  was  for  the  purposes  of  duty  assumed 
to  be  that  indicated  by  Sikes'  hydrometer,  irre- 
sptctive  of  the  amount  of  solid  matter  which 
they  might  contain.  By  a  clause  in  the  44  Vict, 
c.  12  it  was  provided  that  the  amount  by  which 
the  real  strength  was  obscured  should  be  added 
to  the  strength  indicated  by  the  hydrometer. 
The  duty  is,  therefore,  now  levied  on  the  actual 
amount  of  alcohol  contained  in  the  liijuid.  This 
is  generally  ascertained  by  distilling  about  three- 
fourths  of  a  given  bulk,  making  the  distillate  up 
to  the  original  bulk  with  water,  and  taking  the 
strength  of  this  liquid  to  be  the  strength  of  the 
spirit.  The  same  process  is  adopted  for  esti- 
mating the  amount  of  spirit  in  liqueurs  and  in 
wines.  Another  method  is  to  evaporate  a  given 
weight  to  dryness  in  a  water-oven,  weigh  the 
dry  solid  matter  and  calculate  its  percentage  on 
the  given  weight.  This  percentage  multiplied 
by  factors,  which  increase  from  2-2  for  40  over- 
proof  to  3-8  for  30  underproof,  gives  the  degrees 
of  proof  spirit  to  be  added  to  the  apparent 
strength  in  order  to  find  the  real  strength  on 
English  proof. 

IVTany  methods  have  been  described  for  the 
purpose  of  registering  the  quantity  and  strength 
of  spirits  passing  from  the  still  to  the  receiver  at 
distilleries.  A  very  ingenious  apparatus,  and 
one  extensively  used  on  the  Continent,  is  that  of 
Siemens.  It  consists  of  three  vessels.  In  the 
first  the  spirit  is  mixed.  The  second  contains  a 
large  float  which,  acting  on  a  sjaring,  indicates 
the  strength  of  the  spirit.  The  third  is  a  large 
drum  divided  into  three  sections,  and  contain- 
ing a  smaller  drum  round  its  axis.  The  si^irit 
passes  from  the  second  vessel  into  the  smaller 
drum,  and  from  thence  into  that  section  of  the 
larger  drum  the  position  of  which  is  vertical  to  the 
axis.  This  section  continues  in  a  vertical  posi- 
tion until  it  is  filled,  after  which  the  spirit  ripes 
in  the  smaller  drum  to  a  point  at  which  it  runs 
into  the  section  next  adjoining  that  which  had 
been  filled.  This  causes  the  filled  section  to 
tilt  and  empty  itself.  Each  emptying  is  regis- 
tered, and  the  capacity  of  each  section  known. 
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Table  I. 


Percentage  volnme  o£ 

Indication  of  liydrometer  of 

Specific 
gravity 

Indication  of 
liydrometer 

Eiiglisli 
pi  oof 

American 
proof 

Alcoliol  of  France, 
Germany,  Belgium, 

and  Russia 

Baum6 

Carticr 

Beck 

•7946 

— 

G vorproof 

75-2 

200 

100 

47° 

44 

•71.195 

— 

73-1 

198 

99 

4(; 

42-5 

•8041 

— 

71-3 

196 

98 

45 

40-8 

•8084 

— 

69-6 

194 

97 

44 

40 

•8125 

— 

68-0 

192 

90 

43 

39 

•815'2 

0 

67-0 

190-0 

95-3 

•8164 

— 

66-6 

190 

95 

38 

•8171 

1 

66-1 

18?' -6 

94-8 

42 

•8189 

2 

65-3 

188-6 

94-3 

■8201 

— 

64-8 

188 

94 

•8206 

3 

64-5 

187-6 

93-8 

37 

•8225 

4 

63-6 

186-6 

93-3 

•8237 

— 

63-0 

186 

93 

41 

•8244 

5 

62-7 

185-6 

92-8 

30 

•iS202 

C 

01-8 

184-6 

92-3 

•8272 

— 

01-2 

184 

92 

40 

•8280 

7 

60-9 

183-0 

91-8 

39 

•8298 

8 

60-0 

182-6 

91-3 

35 

•8306 

— 

59-4 

182 

91 

•8315 

9 

59-1 

181-4 

90-7 

39 

•8332 

10 

68-2 

180-4 

90-2 

38 

34 

•8340 

— 

57-8 

180 

90 

•8349 

11 

57-3 

179-4 

89-7 

•8366 

12 

56-4 

178-4 

89-2 

•8373 

— 

56-0 

178 

89 

38 

33 

•8383 

13 

55-5 

177-4 

68-7 

37 

•8399 

14 

54-6 

176-4 

88-2 

•8405 

— 

54-3 

176 

88 

•8415 

15 

53-8 

175-4 

87-7 

37 

32 

•8433 

16 

52-7 

174-2 

87-1 

30 

•8436 

— 

52-6 

174 

87 

•8450 

17 

61-8 

173 

86-5 

31 

•8466 

— 

50-8 

172 

86 

•8468 

18 

50-7 

172 

86 

36 

35 

•8485 

19 

49-7 

170-8 

85-4 

•8496 

— 

49-1 

170 

85 

•8502 

20 

48-7 

1696 

84-8 

30 

•8520 

21 

47-0 

168-2 

84-1 

35 

34 

•8526 

— 

47-4 

168 

84 

•8537 

22 

46-6 

167-2 

83-6 

29 

•8553 

23 

45-6 

166 

83 

•8555 

— 

45-6 

166 

83 

•8570 

24 

440 

165 

82-5 

34 

33 

•8583 

— 

43-7 

164 

82 

28 

•8587 

25 

43-5 

163-8 

81-9 

•8005 

26 

42-4 

1624 

81-2 

•8611 

— 

42-1 

162 

81 

33 

32 

•8622 

27 

41-3 

161-2 

80-6 

27 

•8639 

28 

40-2 

160 

80 

•8657 

29 

391 

158-6 

79-3 

•8664 

— 

38-7 

158 

79 

32 

31 

•8674 

30 

38-0 

157-4 

78-7 

26 

•8601 

31 

36-9 

156-2 

78-1 

•s(')'.i:{ 

36-9 

156 

78 

•8709 

32 

35-7 

154-8 

77-4 

•8720 

35-0 

154 

77 

31 

25 

•8728 

33 

34-5 

153-4 

7(;-7 

•8745 

33-4 

152-2 

76-1 

30 

•8747 

33-3 

152 

76 

•8762 

35 

32-2 

150-8 

75-4 

24 
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Sporific 
gi-iivity 

Iiitlication  of 

Sikes' 
byQrometcr 

rcrtcnta^^e  voltiiiic  of 

Inilieation  of  li.vdrouieter  of 

Eng'ish 
proof 

Aincric.in 
proof 

A'coliol  of  France, 
Germany,  Beltrium, 
Sweden,  Austria, 
aud  Russia 

Baume 

Cartier 

Beck 

OviT]  )roof 

•8773  . 

— 

31^5 

iro 

75 

30 

•87cS0 

30 

310 

1  '1)^4 

74'7 

>S7'.)8 

37 

29  ■  8 

118 

74  0 

■8S17 

33 

£8  h. 

1  KrO 

73-3 

— 

28  0 

1 10 

73 

■8s;'j5 

89 

27'3 

1452 

72-0 

2D 

•8850 

— 

202 

1 J4 

72 

28 

■,S85 1 

40 

20'0 

143  8 

71^0 

9  > 

•8fs7i 

41 

24. y 

1 12^  I 

71-2 

•8875 

— 

24  4 

1 J2 

71 

•88;)() 

42 

2,5.5 

1  iO-8 

70-4 

23 

•8:)i»0 

— 

22-8 

140 

70 

27 

21 

•8<J()8 

43 

22-2 

139^4 

09-7 

•.S'.,2o 

44 

209 

i:is 

01) 

•,S945 

45 

19^0 

i:!0-4 

08-2 

27 

•8'J4;) 

— 

19-2 

13:i 

08 

20 

20 

•8'.)(;2 

40 

l.S-3 

l.'i5 

07  5 

•81)7.3 

— 

175 

131 

07 

•89S2 

47 

KM) 

133"4 

Olj-7 

•81):)7 

— 

15^8 

132 

0  i 

20 

19 

•8:i',)'.) 

48 

15^() 

131  -8 

05^9 

•1)018 

4J 

14^2 

130  2 

05  •I 

25 

•1)021 

— 

14'0 

]  30 

05 

•1)030 

12-8 

1  2.s-(; 

04'3 

•D..-11 

— 

12^3 

12  ■> 

04 

18 

•1)035 

51 

114 

127 

03^5 

25 

•DOCJ 

— 

10'5 

120 

03 

■1)073 

52 

100 

125^4 

02-7 

21 

•1.0.)1 

53 

.8  0 

124 

02 

17 

•1)110 

54 

7'1 

1222 

01  1 

■1)112 

— 

7-0 

122 

01 

21 





•1)121) 

— 

5^0 

120-4 

CO-2 

— 

— 

•;)131 

— 

r . 

0  .) 

OU 

1  '\ 
1 J 

.(11  tn 
'■114  ( 

50 

4  2 

ll'S'S 

59'4 

23 

■1)1 5(j 

37 

1  is 

59 

■ 

•DKK) 

57 

2-7 

117*2 

58^0 

23 

■ 

•9178 

1'8 

IKi 

58 

•9183 

58 

1-4 

115(1 

57 '8 

— 

— 

15 

•91984 

Piuuf 

111*0 

57^3 

— 

— 

T  T  JT  (I  iii'ni'i^cif 

•i;203 

59 

118'ft 

5f|.g 

22 

•9222 

00 

J.  .  7 

112 

5(i 

22 

•1)240 

01 

8'  1 

1 10*2 

55^1 

11 

•9242 

— 

o.n 
0  'J 

110 

55 

•9259 

02 

54^2 

•92. ;2 

— 

0  1 

IDS 

54 

21 

•9279 

03 

y)  i 

lO(r  1 

53-2 

■1)283 

— 

1()() 

53 

21 

13 

•9298 

04 

0  0 

1(1  I'd 

52"3 

■9303 

— 

0  / 

Till 

52 

•9.!  17 

05 

10  0 

102  8 

51-4: 





z 

•1)323 

— 

100 

102 

51 

■933() 

GO 

ir7 

100 -8 

50^4 

20 

•!;313 

124 

100 

60 

20 

12 

•9358 

07 

13^5 

9.SO 

49-3 

•9302 

13-9 

98 

49 

•9375 

03 

15-3 

90-0 

48-3 

■1)381 

15-8 

1)0 

48 

•9394 

09 

17-3 

94-0 

47^3 

11 
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Table  I. — continued. 


Specific 
gravity 

IiidiCiitioii  of 

Sikes' 
hjdrometer 

Percentage  volume  o£ 

Indication  of  liydronieter  of 

Englisii 
proof 

A.nicriGtiii 
proof 

A'coliol  of  France, 
Germany,  Celgiinn, 
Sweden,  Austria, 
and  llussia 

Baum6 

Cartier 

Beck 



TJiidei  proof 

•9399 

17-6 

94 

47 

— 





•9413 

l<J 

18-8 

92-6 

46-3 

— 

19 

— 

•9417 

19-2 

92 

46 

19 

— 



•9432 

1 1 

20-8 

90^4 

45-2 

— 

— 

— 

•9435 

~" 

21^1 

90 

45 

. — 

— 

— 

•9451 

72 

22-7 

8S-2 

44-1 

— 

— 

10 

•9452 

"~ 

22-8 

88 

44 

— 

— 

— 

•9470 

73 

24-7 

86 

43 

13 

13 

— 

•9487 

~ 

20-4 

84 

42 

— 

— 

•9489 

74 

26-7 

83^6 

41^8 

— 

. — 

9 

•9503 

zz 

28-0 

82 

41 

— 

— 

— 

•9509 

7a 

28-8 

81-2 

40-6 

— 

— 

— 

•9519 

29-9 

80 

40 

— 

— 

— 

•9528 

lu 

310 

78^8 

39-4 



— 

— 

•yoob 

31^8 

78 

39 

17 

— 

"9548 

1 1 

33^1 

76-2 

38-1 

— 

— 

8 

•9550 

33-3 

76 

38 

— 

17 

— 

•95G5 

35-2 

74 

37 

— 

— 

— 

•9567 

78 

35^6 

73^6 

36-8 

— 

. — 

— 

•9579 

36-8 

72 

30 

— 

— 

— 

•9587 

'7n 

3S1 

70^6 

35-3 

— 

— 

— 

•9592 

38-7 

70 

35 

16 

— 

— 

•9605 

40-3 

68 

34 

— 

— 

— 

•9606 

OA 

bU 

40-5 

07^8 

33-9 

— 

— 

7 

•9618 

42-4 

66 

CO 

— 

— 

— 

•9625 

81 

43-3 

64-8 

32-4 

— 

16 

— 

.rip  o  1 

44^1 

64 

32 

— 

— 

•9643 

45-8 

62 

31 

— 

— 

— 

•9645 

82 

46-1 

Gl-Q 

30-8 

— 

— 

— 

•9655 

47-5 

60 

30 

— 

— 

6 

•9666 

00 
00 

49-1 

58 

29 

15 

— 

— 

•9677 

50-9 

56 

28 

— 

— 

— 

•9684 

84 

52-2 

54^6 

27-3 

— 

— 

— 

•9688 

52-7 

54 

27 

— . 

— 

— 

•9698 

54^5 

52 

26 

— 

15 

• — 

•9704 

0  K 
00 

55^5 

50'8 

25-4 



— 

— 

•9709 

56-3 

50 

25 

— . 

— 

— 

•9719 

57-9 

48 

24 

— 

— 

5 

•9725 

Op 

59-0 

46-2 

231 

— 

— 

— 

•9729 

59-3 

46 

23 

14 

— 

— 

•9740 

01-4 

44 

22 



— 

— 

•9745 

0( 

62-5 

42-8 

21-4 



— 

— 

•9750 

63-2 

42 

21 

_ 

— 

— 

•9760 

650 

40 

20 



— 

— 

•9766 

88 

66-0 

38-8 

19-4 

.  

14 

— 

•9770 

66  7 

88 

19 



— 

4 

•9780 

68-6 

36 

18 



— 

— 

•9785 

89 

69-4 

35 

17-5 



. — 

— 

•9790 

70^3 

34 

17 

13 



— 

•9800 

72^0 

32 

16 





— 

•9805 

90 

72-8 

31 

15^5 



. — 

— 

•9811 

~~ 

73-7 

30 

15 

— 

— 

— 

•9S21 

75-4 

28 

14 

•9''^-i6 

yi 

76^1 

27-2 

13-6 

3 

•9832 

77-0 

26 

13 

•9844 

79-1 

24 

12 

13 

•9845 

92 

79-2 

23-8 

11-9 

•9854 

80-6 

22 

11 

•9865 

93 

82-3 

20 

10 

12 

■9878 

83-9 

18 

9 
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Perecntnge  volume  of 

ImUcatiou  of  liydrouietor  of 

Spociflc 
gravity 

Iiidicnt  1  OH  of 

Sikes' 
liydi'oinetcr 

Enp:li-;h 
jiroof 

A-iiicricnn 
proof 

Alcohol  of  Franco, 
CJ orniiiiiy,  !B(?i y liiiii 
SweJeu,  Austria, 
and  Russia 

Baum6 

Cartier 

Beck 

•98SR 

91 

Undrrproof 
85-2 

10-G 

8-3 

— 

— 

2 

•IIK'.IO 

85-8 

1(1 

8 

— 

— 



•;»'.)02 

87-8 

M 

7 

— 



—  1 

•!l'.104: 

95 

8S-0 

];;-8 

G-9 

— 

— 

—  j 

S'.l-C, 

12 

0 

— 

12 

1 

•1)!)25 

90 

90-7 

10-0 

5-3 

— 

— 

•',)'.)28 

91^2 

10 

5 

11 

— 

•0912 

9:!-0 

8 

4 

^  

■991-1 

97 

7-0 

3-8 

1 

•99r)(; 

91-7 

C 

3 

"99115 

98 

95-9 

4-0 

2-3 

•9970 

9(1-5 

4 

2 

•9985 

99 

98-2 

2 

1 

1000-0 

Water 

10 

11 

0 

Between  the  temperature  of  i°  and  78-8°  ^yater 
increases  in  bulk  to  tlie  extent  of  2-8  per  cent. 
Alcohol  within  the  same  degrees  increases 
very  nearly  9  per  cent.  Silbermann  (C.  E.  27, 
418)  has  taken  advantage  of  this  dilfeience  in 
the  rate  of  expansion  of  alcohol  and  water  in 
order  to  determine  the  strength  of  spirits.  A 
thermometer  is  filled  up  to  a  certain  mark' 
with  the  spirit  at  25°,  and  after  the  liquid  has 
been  exhausted  of  air  an  observation  is  made 
of  the  amount  by  which  it  expands  when  heated 
to  50°.  The  percentage  of  alcohol  is  found  by 
means  of  a  scale  graduated  by  direct  observa- 
tion upon  a  number  of  samples  of  known 
strength. 

The  results  shown  in  Table  I.  are  only 
true  at  15-0°  (GO"F.),  but  the  indications  at 
any  other  temjierature  may  be  approximately 


converted  into  those  of  the  tabic  by  making  the 
following  corrections  for  temperature  ; — ■ 

Table  II. 


Spec,  gravities 

Correction  for 
each  degree 
Centigrade 

Cori'ectiiin  for 
each  de^;rce 
of  F. 

-8100  to  -8500 

•00085 

•00047 

•8500  to  •8900 

•00083 

•000  id 

•8900  to  -9200 

•OOOSO 

•00044 

•9200  to  -9400 

•00075 

•00042 

•9400  to  •9500 

•00009 

•00038 

•9.i)00  to  •goto 

•OOOCO 

•00033 

•9000  to  ^9700 

•0(1044 

•00024 

•9700  to  -9.S00 

•00(120 

•00014 

•9800  to  -9900 

-00010 

•00009 

Table  III. — SnowiNO  the  Quantity  of  Water  eequibed  to  Ef;duce  100  Volumes  of  a 
Stbonuek  Spirit  to  -A  Spilit  of  Lower  Strength. 


90 

85 

80 

75 

70 

G5 

CO 

55 

50 

85 

0-50 

80 

13-79 

0^S3 

75 

21-89 

14-48 

7-20 

70 

31-05 

23-14 

15-35 

7-04 

05 

41-53 

33-03 

24-00 

10-37 

8-15 

00 

53-05 

44-48 

35-44 

20-47 

17-58 

8-7(1 

55 

07-87 

57-90 

48-07 

38-32 

28  (13 

19-02 

9-47 

50 

84-71 

73-90 

03-04 

52-43 

41-73 

31-25 

20-47 

10-35 

45 

105-34 

93-30 

81-38 

09-54 

57-78 

40-09 

34-4(1 

22-90 

11-41 

40 

130-80 

117-34 

104-01 

90-70 

77-58 

04-48 

51-43 

38-40 

25-55 

35 

103-28 

148-01 

132-88 

117-82 

102-84 

87-93 

73-08 

58-31 

43-.59 

30 

200-22 

188-57 

171-05 

103-53 

136-04 

118-94 

101-71 

84-54 

07-45 

25 

206-12 

245-15 

224-30 

253-01 

182-83 

162-21 

141-05 

121-16 

100-73 

20 

355-80 

329-84 

304-01 

278-20 

252-5S 

220-98 

201-43 

175-90 

150-65 

15 

505-27 

471-00 

430-85 

402-81 

3(i8-S3 

334-91 

301-07 

267-29 

233-04 

10 

804^.54 

753-03 

702-89 

051-21 

601-00 

551-06 

600-59 

450-19 

399-85 

The  original  percentages  by  volume  of  alcohol  are  here  placed  at  the  head  of  the  columns,  and  the 
percentages  to  which  they  are  required  to  bo  reduced  in  the  lirst  column  of  the  table.  G.  N.  S. 
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ALDEHYDE. 


ALDEHYDE  AcdaUehyde  CJLf)  or 
CH3.COH.  A  product  of  the  oxidation  of  ordi- 
nary (ethylic)  alcohol.  Aldehyde  occurs,  together 
with  its  polymerides  metaldehyde  and  paralde- 
hyde, in  the  '  first  runnings  '  from  the  stills  in 
the  rectification  of  alcohol  which  has  been 
filtered  through  charcoal  (Kramer  and  Pinner, 
B.  2,  403  ;  4,  787)  ;  the  best  yield  is  obtained 
from  the  alcohol  manufactured  from  potatoes 
and  from  the  sugar  beet.  It  is  also  present  in 
crude  wood  spirit  (Kramer  and  Grodzki, 
B.  9,  1921).  Aldehyde  is  also  fomied  when 
calcium  formate  is  heated  with  calcium  acetate 
(Limpriclit,  A.  97,  369),  and  when  lactic  acid 
and  the  lactates  are  distilled  with  manganese 
dioxide  and  sulphuric  acid  (Stiideler,  A.  G9, 
333) ;  it  is  also  one  of  the  products  of  the 
dry  distillation  of  sugar  (Volckel,  A.  87, 
303). 

Preparation. — Aldehyde  is  formed  by  the 
oxidation  of  alcohol  by  means  of  platinum 
black  (Dobereiner,  Gm.  8,  274),  of  manganese 
dioxide  and  sulphuric  acid  (Liebig,  A.  14,  133),  or 
of  potassium  dichromate  and  sulphuric  acid 
(Stiideler,  J.  1859,  329).  When  prepared  by 
Liebig's  method,  2  parts  of  80  p.c.  alcohol  are 
heated  with  3  parts  of  manganese  dioxide,  3  parts 
of  sulphuric  acid  and  2  parts  of  water,  and  the 
distillation  carried  on  until  the  distillate  begins 
to  show  an  acid  reaction  ;  this  point  is  reached 
when  about  three  parts  have  collected  in  the 
well-cooled  receiver.  The  distillate  containing 
alcohol,  acetal  and  ethereal  salts  is  then  distilled 
with  an  equal  weight  of  calcium  chloride,  and 
1^  parts  collected  ;  this  is  again  rectified  with 
an  equal  weight  of  calcium  chloride  and  f  pari 
distilled  over.  The  product  so  obtained  is 
nearly  anhydrcus,  but  still  contains  alcohol  and 
small  quantities  of  ethereal  salts ;  to  free  it 
from  these,  it  is  dissolved  in  2  vols,  of  ether, 
saturated  with  ammonia  in  the  cold,  and  the 
aldehyde-ammonia  which  separates  is  collected, 
dissolved  in  water,  distilled  with  dilute  sulphuric 
acid  in  a  water-bath,  and  the  distillate  rendered 
anhydrous  by  rectification  over  calcium  chloride 
at  as  low  a  temperature  as  possible. 

Commercially,  aldehyde  is  obtained  from  the 
*  first  runnings  '  of  the  alcohol  stills.  A  special 
form  of  still  in  which  the  separation  of  aldehyde 
from  alcohol  is  brought  about  during  the  recti- 
fication of  the  latter  is  figured  and  described  by 
Galland  (D.  P.  J.  259,  225). 

Properties. — Aldehyde  is  a  colourless  liquid 
having  an  extremely  pungent  suffocating  odour  ; 
it  is  very  infiammable,  and  burns  with  a  feebly 
luminous  flame.  Its  b.p.  =  20'8°,  and  sp.gr. 
=  0-80092  at  0°  (Kopp,  A.  64,  214)  ;  its  sp.gr. 
=  0-79509  at  10°,  =  0-79138  at  13°,  =0-78761  at 
16°  (Perkin,  C.  J.  45,  475).  It  is  soluble  in  all 
proportions  in  alcohol,  ether  and  water,  and  is 
separated  from  the  aqueous  solution  as  an 
ethereal  layer  on  addition  of  calcium  chloride. 
AVhen  heated  with  aqueous  soda  or  potash,  so- 
called  aldehyde  resin  is  obtained  as  a  brown 
mass  (Liebig,  I.e.  ;  Weidenbusch,  A.  60,  153). 
Sodium  amalgam  converts  aldehyde  into  ethylic 
alcohol,  a  small  quantity  of  (8  -  butyleneglycol 
beingformed simultaneously  (Kekule,  .i.  162, 310); 
whilst  phosphorus  pentachloride  reacts  with  it 
Yielding  ethylidene  dichloride  (Geutlier,  A.  105 
823). 


Aldehyde  readily  polymerises  in  the  presence 
of  small  quantities  of  various  substances,  such 
as  sulphuric  acid,  phosgene,  zinc  chloride, 
hydrogen  chloride,  sulphur  dioxide,  d'C,  and  two 
compounds  are  obtained  whose  relative  quantities 
depend  upon  the  temperature ;  the  chief  pro- 
duct being  metaldehyde  (CoH.,0)3  (Hanriot  and 
Oeconomides,  A.  Cli.  [5]  25,  227),  when  the 
action  takes  place  in  a  freezing  mixture,  and  the 
isomeric  paraldehyde  (elaldehyde)  when  it  occurs 
at  the  ordinary  tempierature  (Kekul6  and  Zincke, 
A.  102,  125).  Paraldehyde  is  a  colourless 
liquid,  crystallising  below  10°  in  large  trans- 
parent prisms  ;  its  b.p.  =124°  at  759-8  mm.  and 
sp.gr.  =  0-998  at  15°  (Kekule  and  Zincke)  ;  sp.gr. 
=  0-99925  at  15°  (Perkin,  C.  J.  45,  479);  b.p. 
=  123-2°-123-5°  at  744  mm.  (Briihl,  A.  203,  26). 
Metaldehyde  crystallises  in  needles  or  tetragonal 
prisms,  sublimes  without  previous  fusion  at 
112°-115°,  and  when  heated  in  sealed  tubes  at 
120°  is  entirely  reconverted  into  ordinary  alde- 
hyde. Neither  polymeride  is  resinised  by  acjue- 
ous  soda  or  potash,  but  in  other  reactions  they 
behave  generally  as  ordinary  aldehyde  and  yield 
similar  jjroducts  (Kekule  and  Zincke). 

Reactions. — Aldehyde  in  aqueous  solution 
very  readily  reduces  an  ammoniacal  solution  of 
silver  nitrate  giving  a  bright  metallic  mirror. 
Acetaldehyde  (and  all  aldehydes  which  are 
stable  in  aqueous  soda  solution)  can  be  de- 
tected by  adding  to  a  solution  of  the  suspected 
substance  in  dilute  alkali  a  fresh  solution  of 
1  part  of  isaradiazobenzonesulphonic  acid  in 
60  parts  of  water  rendered  alkaline  with  a  little 
soda,  and  then  some  sodium  amalgam ;  if  an 
aldehyde  is  present,  a  reddish-brown  colour  is 
developed  after  the  mixture  has  stood  for  10-20 
minutes  (Penzoldt  and  Fischer,  B.  16,  657). 

Aldehyde  very  readily  yields  condensation 
compounds  ;  thus,  when  allowed  to  remain  in 
the  cold  with  dilute  hydrochloric  acid,  or  with 
aqueous  solutions  of  zinc  chloride  or  of  salts 
having  an  alkaline  reaction,  such  as  potassium 
carbonate,  aldol  is  obtained,  whilst  croton- 
aldehyde  is  formed  when  it  is  heated  with  con- 
centrated hydrochloric  acid  (Keku'.e,  A.  1(52  ,  92). 

Additive  compounds. — Aldehyde  not  only 
shows  a  strong  tendency  to  yield  polymerides 
and  condensation  compounds,  but  unites  directly 
with  a  large  number  of  substances. 

(1)  Compounds  with  alcohols  -.—v.  Acetal. 

(2)  Compounds  with  acids: — (Geuther,  A. 
106,  249  ;  Lieben,  A.  106,  336  ;  178,  43  ;  lUiben- 
camp,  A.  225,  279  ;  Schiff,  B.  9,  304). 

(3)  Compounds  with  alkaline  sulphites:  — 
Aldehyde  forms  definite  crystalline  compounds 
when  dissolved  in  concentrated  aqueous  solu- 
tions of  the  acid  sulphites  (bisulphites)  of  the 
alkali  metals.  The potassi^im  salt,C^H,0,KHS03, 
crystallises  in  indistinct  needles ;  the  sodium 
salt,  C.H^O,NaHSO,j  -I-  iH^,  in  fine  needles  or  na- 
creous plates  ;  but  the  ammonium  compound  has 
thefor.nula  C,H,(OH)SO.,.NH..  These  salts  are 
almost  insoluble  in  excess  of  the  sulphite,  and 
separate  in  the  crystalline  state ;  from  them 
aldehyde  can  be  obtained  by  distillation  with  a 
stronger  acid  or  an  alkaline  carbonate  (Bunte,  A. 
170,  305). 

(4)  Compound  with  ammonia: — Aldehyde- 
ammonia,  C.HjO.NH.,,  obtained  by  leading  dry 
ammonia  into  aldehyde   in  ethereal  solution 
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(Liebig,  A.  14,  144),  crystallises  in  laige  rhoni- 
boliedra,  melts  at  70°-80°,  boils  at  100°  without 
decomDOsition,  and  is  decomposed  into  its  con- 
stituents on  distillation  with  dilute  acids. 

(5)  Compounds  with  hydrocyanic  acid  : — • 
(Tiemann,  B.  14,  1905  ;  Strecker,  A.  91,  349  ; 
Erlenmeyer  and  Passavant,  A.  200, 120). 

Suhstitutkm-dcrivatires.  —  The  action  of 
chlorine  on  aldehyde  has  been  studied  by  Wurtz 
(A.  102,  93),  Wurtz  and  Voigt  (Bl.  17,  402),  and 
by  Pinner  (A.  179,  21).  Pinner  finds  that  when 
chlorine  is  passed  into  ordinary  aldehyde  at  10°, 
metaldehyde  and  paraldehyde  are  first  formed, 
and  these  subsequently  yield  substitution-deri- 
vatives, of  which  chloral  is  the  chief  product, 
butyric  chloral  and  dichloraldehyde  being  formed 
iu  smaller  quantity.  The  following  derivatives 
have  been  prepared  : — Chloraldchydc, 

CH.Cl.CHO  +  JrH.,0 
(Natterer,  M.  3, 440");  dichlomldchydc ,  CHC1.>.CH0 
(Grimaux  and  Adams,  Bi.  34,  29)  ;  trichloralde- 
Jnjde  {v.  Chloral). 

The  bromine  derivatives  have  been  examined 
by  Pinner  (B.  7,  1499,  and  I.e.). 

ALDEHYDES.  The  name  aldehyde,  origi- 
nally assigned  to  the  compound  obtained  by  the 
limited  oxidation  of  ethylic  alcohol,  has  come  to 
possess  a  wider  signification,  and  is  now  used 
as  a  generic  term  tor  a  class  of  organic  sub- 
stances which  are  similarly  derived  from  the 
primary  alcohols.  In  composition  the  aldehydes 
differ  from  the  alcohols  from  which  they  are 
derived  by  containing  two  atoms  of  hydrogen 
fewer  in  the  molecule  ;  whilst  in  their  chemical 
behaviour  they  all  exhibit  the  general  pro- 
perties of  the  typical  member  of  the  series, 
acetaldehvde. 

ALUtHYDINE  v.  Bone  oil. 

ALDEHYDINES.  Compounds  formed  by  the 
condensatinn  of  ortho-diamines  with  aldehydes 
(Ladenburg,  }',.  10,  1120). 

ALDER  BARK.  Aunr,  Fr.  ;  Eric,  Ger. ; 
Alnus  ijlutinosa,  L.  Used  for  tanning  and  dyeing. 
The  percentage  of  tannin  varies  from  10  to  18 
(Eitner,  Zeit.  t.d.  chem.  Grossgew.  3,  508  ;  4,  279). 

Lamasse  states  that  the  tannin  is  a  methyl 
tannin  like  that  of  the  oak,  that  it  gives  a  red- 
dish-blue precipitate  with  ferrous  acetate,  an 
olive-green  precipitate  with  ferrous  sulphate,  and 
is  precipitated  by  a  gum  solution. 

A  solution  of  the  bark  is  employed  for  ob- 
taining black,  greys,  and  browns  on  linen ;  in 
Germany  for  reds,  and  in  Kanitschatka  for 
colouring  skins  a  red  tint  (Giradin's  Cliemie, 
4,  300). 

ALE  IK  BrewixCt. 

ALEM  BROTH,  SALT  OF.  A  compound  of 
mercuric  chloride  and  fal  ammoniac 

2NH,Cl,HgGl,,H/J 
formed  by  mixing  the  two  salts  in  molecular 
])voportions.    Also  called  by  the  alchemists  Salt 
of  Wisdom. 

ALFA  V.  Kalfa. 

ALG.a;.  Varccli  or  Ahjues,  Fr. ;  Tangc  Scc- 
gias  or  Algcn,  Ger.  A  class  of  cryptogamous 
plants  including  the  seaweeds  and  the  lavers 
growing  in  sea-water,  and  the  fresh-water  con- 
fervie.  Many  of  the  salt-water  species  are  edible, 
none  of  them  is  poisonous. 

Bhodiimenia  ixdmata  (dulse,  dylish  or  del- 
lisli)  and  Alaria  cscidcnta  (nrurlins)  are  used 


as  food  by  the  peasantry  of  the  Highlands  and 
of  Ireland.  Forpln/ra  laciniata  (laciniated 
purple  laver),  very  abundant  on  the  British 
coasts,  is  sold  in  England  as  laver,  in  Ireland  as 
sloke,  and  in  Scotland  as  sJaak.  Chondrus 
criaims  (carrageen,  Irisli  or  pearl  moss)  is  col- 
lected on  the  west  coast  of  Ireland,  and  is  fre- 
quently used  there  by  painters  and  plas'erers  as 
a  substitute  for  size.  It  is  also  used  in  making 
jellies,  Ac,  in  medicine;  and  a  thick  mucilage 
scented  with  some  prepared  spirit  is  sold  as 
'  bandolin,'  '  fixature,'  or  '  clysphitique,'  and  is 
employed  for  stiffening  silks. 

Amongst  other  alga;  having  an  economic 
value  are  Ceylon  moss  or  edible  moss  (Gracilaria 
lichenoides),  found  in  the  Indian  archipelago  ; 
the  agar-agar  of  Malacca,  or  agal-agal  of  China, 
which  is  derived  from  Gracilaria  lichenoides, 
Euchcuma  spinosmn  and  probably  other  algie. 
The  substance  is  now  much  used  in  bacterio- 
logical research  as  a  nutrient  jelly  ;  forgunnning 
silks,  paper,  &c.,  and  for  making  a  ijaste  not 
liable  to  be  eaten  by  insects. 

Manna,  or  mannite,  can  be  obtained  from 
Laminaria  saccharina  or  sugar  wrack,  found  on 
sandy  shores  attached  to  pebbles. 

The  following  table  shows  the  composi- 
tion of  various  species  of  algK ;  the  quantity 
of  nitrogen  in  some  of  them  is  remarkably 
large. 


Alga 

Water 

Dry 
matter 

Per 
cent, 
nitro- 
gen in 

dry 
matter 

Protein 

con- 
tained 
in  di-y 
matter 

Chumlrus  cri.^pus,  bleilcllLMl 

from  Bewlay  Evans 

17:i2 

82-08 

1-531 

9-587 

C/ioudi  iisci  ispiis,  b'eaolicil 

second  experiuicnt 

1979 

80-21 

1-485 

0-281 

C'hondi-us    crisptis,  un- 

bleached, Ballycastle  . 

2r-17 

78-53 

2-142 

13  387 

C'liomlrus    crispus,  nii- 

b'eaclicd,    second  ex- 

periment 

19  9fi 

80-01 

2-510 

15  CS7 

Giijarlina  mamiUosa,  Bal- 

lycastle .... 

21-0,5 

78-15 

2-1  OS 

13  737 

Laminaria    digitafu,  or 

dnlse  tangle  . 

21-38 

78C2 

1-588 

0  025 

lihodi/menifi  pulmald 

1C-5C 

83-41 

3-4(!5 

21  656 

Porplvjra  laciiiinla  . 

17-41 

82-59 

4  G'lU 

29-003 

x^'arcophi/lfi.^  rdidis  . 

19-Cl 

80-39 

3  088 

19  3110 

Alaria  escuhnfa 

17-01 

80-09 

2-421 

15-150 

ALGAROTH,  POWDER  OF.  Fowder  of  Al- 
garotti,  English  I'oirdcr.  A  crystalline  oxy- 
chloride  of  antimony,  obtained  by  pouring  ant'- 
mony  chloride  into  hot  water.  Used  in  the 
preparation  of  tartar  emetic. 

ALGARCVILLA.  The  fruit  of  the  Erosnpis 
pallida  Jiiga  Mai  tluv,  of  Santa  Martha,  in  the 
province  of  New  Carthagena.  The  pods  contain 
large  quantities  of  tannin,  and  hence  are  used  for 
tanning  leather.  Algarovilla  is  said  to  possess 
more  than  four  times  the  power  of  good  oak 
bark. 

ALGIN.  A  nitrogenous  body  obtained  from 
seaweed,  somewhat  resembling  albumen  [v. 
Ioiiine). 

ALHAGI  MAXIRORUM,  JAWASA  or  TA- 
RANJABIN.  An  Indian  drug,  from  a  species  of 
leguniinosie,  used  for  rheumatism  ;  it  is  a  laxa- 
tive and  diuretic  (Ph.  [3]  9,  145). 
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ALIZARIN  AND  ALLIED  COLOURING  MATTERS. 


ALIZARIN  AND  ALLIED  COLOURING 
MATTERS.  Madder,  Rubia  tinctoria,  which 
was  for  a  very  long  time  used  ou  a  very  large 
scale  in  the  '  Turkey-Eed '  industry,  contains 
two  colouring  matters,  alizarin  and  purpurin, 
of  which  the  former  is  by  far  the  most  im- 
portant. 

Alizarin  is  not  found  ready-formed  in  the 
madder -root,  but  exists  there  in  the  form  of  a 
glucoside  called  '  rubianio  acid '  which  when 
allowed  to  ferment,  or  when  boiled  with  dilute 
acid,  splits  up  readily  into  alizarin  and  glu- 
cose. 

The  colouring  matter  itself  was  first  isolated 
from  the  madder-root  in  18'27,  by  Colin  and 
Eobiquet,  who  obtained  it  by  extracting  ground 
madder  with  hot  water  and  subliming  the  puri- 
fied extract  carefully  in  a  glass  tube. 

This  method  of  sublimation  was  not  con- 
sidered sufficient  proof  of  the  existence  of  alizarin 
in  madder,  and  it  was  not  till  Dr.  Schunck  suc- 
ceeded in  isolating  this  substance  by  chemical 
means  from  the  madder  extracts  used  by  dyers 
that  this  important  point  was  definitely  settled. 

In  a">signing  the  correct  formula  to  alizarin, 
considerable  difference  of  opinion  existed  at  first, 
owing  no  doubt  to  some  extent  to  the  dilticulty 
experienced  in  obtaining  alizarin  in  a  condition 
pure  enough  for  accurate  analysis. 

Schunck  proposed  the  formula  C|,H,||Oj, 
whilst  Strecker  believed  it  to  be  CmH.O,,  and 
related  to  '  chloroxynaphthalic  acid '  (chloro- 
hydroxynaphthaquinone),  a  derivative  of  naph- 
thalene, since  both  these  substances  on  oxidation 
yield  phthalic  acid. 

Strecker's  formula  was  the  more  generally 
accepted  by  chemists,  and  chloroxynaphthaUc 
acid  was  looked  upon  as  being  simply  chlorinated 
alizarinthe,  two  bodies  being  thus  related :  — 
C,„H„03  C,„H,C103 

Alizarin  Cliloriiiated  alizarin  or 

Cliloroxynapbtlialic  acid. 

In  order  to  prove  the  relation  supposed  to 
exist  between  these  two  substances  it  was  only 
necessary  to  replace  the  chlorine  atom  in 
chloroxynaphthalic  acid  by  hydrogen,  when 
alizarin  should  result. 

This  operation  was  eventually  accomplished 
by  Martins  and  Griess  who  obtained  thus  a  tub- 
stance  of  the  formula  C,„H^jO.„  which  was,  how- 
ever, not  identical  with  alizarin,  and  was  there- 
fore supposed  to  be  isomeric  with  it. 

Some  time  after  those  experiments  of  Martius 
and  Griess,  Graebe  commenced  his  research  on 
quinones,  the  working  out  of  which  led  not  only 
to  results  which  proved  beyond  a  doubt  what  the 
chemical  nature  of  alizarin  really  was,  but  also 
eventually  resulted  in  the  artificial  production  of 
this  important  colouring  matter.  In  pursuing 
this  investigation  Graebe  succeeded  in  preparing 
chloranil  C„C1,0.,  by  treating  phenol  with  potas- 
sium chlorate  and  hydrochloric  acid,  and  in  acting 
on  this  with  caustic  potash  he  found  that  two  of 
the  atoms  of  chlorine  in  this  compound  became 
replaced  by  (OK),  producing  the  potash  salt  of 
chloranilic  acid  C„CL(OK)_,0,,,  a  change  the 
knowledge  of  wliich  proved  to  be  of  the  utmost 
importance  in  his  subsequent  experiments  on 
the  artificial  production  of  alizarin. 

Chloroxynaphthalic  acid  was  now  considered 
by  Graebe  to  be  related  to  naphthalin  in  much 


the  same  way  as  chloranil  was  to  benzene,  i.e.  to 
be  a  derivative  of  naphthaquinone.  ^ 

Soon  after  this  the  attention  of  Graebe,  in 
conjunction  with  that  of  Liebermann,  was  turned 
to  alizarin,  which  they  also  thought  might  be- 
long to  the  quinone  series. 

In  determining  the  constitution  of  this  sub- 
stance, the  first  step  necessary  was  to  obtain 
some  information  as  to  the  nature  of  the  hydro- 
carbon from  which  alizarin  was  derived,  and 
this  was  done  in  the  following  way:  Alizarin 
prepared  from  madder  was  mixed  with  zinc-dust 
and  heated  strongly  in  a  furnace,  according  to 
Baeyer's  method  of  reducing  benzenoid  com- 
pounds, and  in  this  way  a  crystalline  hydrocarbon 
wasobtained  havingthe  composition  C|jH,„  which 
on  examination  was  found  to  be  identical  with 
anthracene,  a  hydrocarbon  pi'eviously  obtained 
by  Dumas  and  Laurent  from  coal-tar.  Using 
the  information  which  had  been  already  obtained 
in  the  researcli  on  quinone,  Graebe  and  Lieber- 
mann now  assumed  that  alizarin  must  be  a 
dihydroxyquinone  of  anthracene,  the  relation 
of  these  substances  to  one  another  being  easily 
seen  from  the  following  formulfe  :  — 

C,,H,„  C,,HA  C„HA(OH), 

Aiitiiracene       Antiiraquinone  Alizarin 

Having  thus  obtained  anthracene  from  alizarin 
it  was  now  only  necessary  to  reverse  the  opera- 
tion and  convert  anthracene  into  alizarin,  and 
the  problem  of  the  artificial  production  of  a  vege- 
table colouring  matter  would  be  solved  for  the  first 
time. 

In  18G2  Dr.  Anderson,  while  investigating 
anthracene,  obtained  from  it  by  oxidation  a 
substance  of  the  formula  CnHgOj  which  he 
named  oxantliracene. 

In  this  substance  Graebe  and  Liebermann 
recognised  the  quinone  of  anthracene  (antiira- 
quinone), the  first  steiJ  in  the  synthesis  of  alizarin 
from  anthracene,  and  in  order  to  convert  this 
quinone  into  alizarin  all  that  was  necessary  was 
to  replace  two  atoms  of  hydrogen  in  it  by 
hydroxyl,  an  operation  which  is  easily  done  in 
the  following  way  :  — 

Anthraquinone  when  heated  with  two  mole- 
cules of  bromine  in  sealed  tubes  is  converted  into 
dibromanthraquinone,  thus : 

C,  ,H,0 ,  -f  2Br,  =  0,  ,H,Br  A  -I-  2HBr. 
This  substance  when  heated  with  potash  ex- 
changes each  of  its  bromine  atoms  for  (OK),  yield- 
ing the  potash  salt  of  alizarin,  C||Hi(OK)^Oo,  a 
reaction  which  is  precisely  similar  to  the  forma- 
tion of  chloranilate  of  potash  from  chloranil  as 
described  above.  The  potassic  alizarate  thus  ob- 
tained, when  decomposed  with  hydrochloric  acid, 
yielded  alizarin,  and  thus  the  problem  of  the 
artificial  production  of  alizarin  was  solved. 

In  considering  this  synthesis,  perhaps  the 
most  remarkable  fact,  from  a  chemical  point  of 
view,  is  that,  in  consideration  of  the  number  of 
possible  isomers  of  alizarin,  just  that  dibrom- 
anthraquinone prepared  by  Graebe  and  Lieber- 
mann should  on  treatment  with  potash  have 
yielded  alizarin.  Had  this  not  been  so,  the 
artificial  production  of  alizarin  would  no  doubt 
have  been  very  much  delayed. 

The  great  importance  of  alizarin  as  a  dyeing 
agent  induced  Graebe  and  Liebermann  to  patent 
this  process,  which  proved,  however,  to  be  of  no 
commercial  value,  owing  to  the  great  expense 
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attencling  the  use  of  bromine,  and  it  was  there- 
fore desirable  to  find  some  new  method  which 
would  render  their  discovery  important  from  a 
manufacturing  point  of  view. 

This  was  first  achieved  by  W.  H.  Perkin '  in 
the  following  way  : — Sulphuric  acid,  as  is  well 
known,  forms  with  many  organic  bodies  com- 
pounds called  sulphonic  acids,  which  in  composi- 
tion simply  coi  respond  to  the  substance  acted 
on  plus  sulphuric  anhydride. 

Thus  benzene  C,.H^  when  treated  with  sul- 
phuric acid  yields  benzenesiilphonic  acid 
C„H.SOjH.  Naphthalene  C,||H^,  naphthalene- 
sul])honic  acid  C|„H,SO.,H.  When  fused  with 
caustic  potash  these  sulphonic  acids  are  split  up  '■ 
into  the  potassium  salt  of  the  corresponding 
phenol  and  potassium  sulphite  thus:  — 

C^H.SOjH  +  3K0H  =  C,.H  ,()K  +  K.SOj  -f  2Hp. 
Similarly  disulphonic  acids  when  fused  with 
potash  are  converted  into  diphenols  thus:  — 

C,,[r,(Si_l.,I[),  +  0TvOH  =  CJf.  JJ]^  -l-2K,SO,-l-4H,.0. 
In  this  second  example  it  will  be  seen  that  a 
body  is  formed  which  bears  the  same  relation 
to  benzene  as  alizarin  does  to  anthraquinone, 
and  it  was  therefore  probable  that  if  anthraqui- 
none were  subjected  to  a  similar  series  of  re- 
actions, alizarin  would  result. 

The  great  obstacle  to  carrying  out  this 
synthesis,  in  the  first  instance,  was  the  remark- 
able stability  of  anthraquinone  in  general  and 
particularly  towards  sulphuric  acid,  which  is  so 
great  that  it  dissolves  in  moderately  hot  sul- 
phuric acid  without  change,  and  crystallises  out 
again  in  needles  on  cooling. 

When,  however,  a  mixture  of  anthraquinone 
and  siilphuric  acid  was  heated  very  strongly,  com- 
bination did  eventually  take  place,  the  product 
becoming  perfectly  soluble  in  water,  the  solu- 
tion now  containing  mono-  and  disuljjhonic  acids 
of  anthraquinone. 

After  removing  the  excess  of  sulphuric  acid 
from  the  new  product  it  was  mixed  with  caustic 
potash,  and  heated  to  about  180°C. 

During  the  heating  the  melt  became  darker 
anddarker  in  colour,  and  eventually  almost  black, 
and  on  dissolving  this  in  water  a  rich  purple 
solution  was  obtained  which  when  acidified  with 
dilute  sulphuric  aci  l  gave  a  copious  precipitate 
of  alizarin. 

The  great  obstacle  to  the  preparation  of 
alizarin —  viz.  the  use  of  bromine  — was  thus  re- 
moved, and,  as  the  future  has  proved,  a  process 
had  been  obtained  by  which  this  colouring 
matter  could  be  manufactured  in  quantity  and 
at  a  price  so  cheap  as  entirely  to  supersede  the 
old  method  of  dyeing  with  the  madder  root. 

Another  process  for  the  manufacture  of  arti- 
ficial alizarin  shortly  afterwards  discovered  by 
W.  H.  Perkin,  and  largely  used  by  him  on  a 
manufacturing  scale,  is  the  following:  — 

Anthracene  is  treated  with  chlorine  and 
thus  converted  into  a  beautifully  crystalline  com- 
pound called  dichloranthracene  0,11  CI.,. 

This  substance  combines  with  Nordhausen 
sulphuric  acid,  forming  a  bright-green  solution, 
which  contains  a  sulphonic  acid  of  dichloran- 
thracene.   When  heated   with  sulphuric  acid 

'  It  slirmlil  be  mentioned  here  that  while  these  experi- 
ments were  in  progress,  Caro,  Graebe  and  Liebermann 
Wfi-c  iiivettigating  the  same  reaction  in  Germany. 
Vol.  l.~  T 


this  substance  undergoes  a  remarkable  change, 
hydrochloric  acid  and  sulphurous  acid  are 
evolved,  and  adisulphonic  acid  of  anthraquinone 
formed  thus :  — 

C,,H,C1.,(S0,H), +  H.,S04 

Dich  or:uitlir.icoii(.'-(li:?u]plionic  aciil 

=  C,,H,0,(SO,H),-H2HCl4-  SO,,. 

Anthrarjninone  ili?u'phonic  acid 

This  anthraquinone  disulphonic  acid  when 
fused  with  potash  yiehls  alizarin. 

Alizarin  and  the  other  colouring  matters  of 
this  class  will  not  dye  unprepared  fabrics ; 
these  must  first  nf  all  be  mordanted. 

The  mordants  used  in  this  case  consist  of 
metallic  hydroxides  — c.r/.  of  aluminium,  iron, 
and  chromium.  Chloride  of  tin  (tin  crystals)  is 
also  extensively  employeil. 

With  alumina  mordants  alizarin  produces 
shades  of  red  and  pink;  with  iron  mordants, 
shades  of  black  and  purpie  ;  with  chromium 
mordants,  a  dull  purple  ;  and  with  tin  crystals  a 
bright  yellowish  orange.  These  mordants  may 
also  be  mixed  and  thus  a  large  variety  of  different 
shades  produced.  A  description  of  the  method 
of  application  of  these  various  mordants  and  tiie 
processes  employed  in  dyeing  with  alizarin  will 
be  found  in  the  article  Dyffng. 

Since  the  first  production  of  artificial  alizaiin 
on  the  large  scale,  the  study  of  this  substance 
and  of  the  various  colouring  matters  related  to 
it  has  received  a  large  amount  of  attention  at 
the  hands  of  chemists,  the  result  being  that  a 
considerable  number  of  derivatives  of  anthra- 
quinone have  been  prepared  and  examined. 

Most  of  these  are  either  colouring  matters 
themselves,  or  easily  converted  into  such,  several 
of  them  being  obtained  on  the  large  scale  in  the 
manufacture  of  alizarin. 

These  derivatives  may  be  divided  under  the 
following  heads  :  — 

(1)  Sulphonic  acids  of  anthraquinone. 

(2)  Monohydroxyanthraiiuinones. 
(H )  Dihydroxyanthraquinones. 
(4)  Trihydroxyanthraiiuinones. 

In  this  article  are  also  included  the  two  dyeing 
matters,  Gallein  and  Cierulein,  which  although 
not  actually  anthracene  derivatives  are  very 
closely  allied  to  these. 

Sulphonic  acids  of  anthraquinone. 

1.  Anthraquinone-vji-sulphonic  acid 

This  acid  is  formed  together  with  a  certain 
amount  of  anthraquinone  disulphonic  acid  by 
he.ating  anthraquinone  with  fuming  sulphuric 
acid  to  170"  or  with  ordinary  sulphuric  acid  to 
250°- 200"^ 

In  preparing  it  a  mixture  of  one  part  of 
fuming  sulphuric  acid  (containing  40-50  p.c. 
anhydride)  and  parts  of  anthraquinone  is 

gradually  heated  to  about  170°  and  kept  at  this 
temperature  for  eight  or  ten  hours,  the  whole 
being  well  stirred  durmg  the  operation. 

The  product  thus  formed  consists  chiefly  cf 
the  mono-sulphonic  acid  together  with  a  little 
disulphonic  acid  and  unchanged  anthraquinone. 
(On  diluting  with  water  the  anthraquinone  se]5a- 
rates  out,  and  can  easily  be  filtered  off,  leaving 
the  sulphonic  acids  in  solution.    In  order  tosopa- 
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rate  the  mnnn-  from  the  disulphonic  acid  the  clear 
filtrate  is  neutralised  with  carbonate  of  soda  (or 
caustic  soda).  Tliis  causes  the  difficult'y  soluble 
sodium  salt  of  anthraquinone  monosulphonic 
acid  to  separate  out,  leaving  the  easily  soluble 
salt  of  the  disulphonic  acid  in  solution. 

The  pasty  mass  obtained  on  neutralising 
with  soda  is  thoroughly  pressed,  washed  with  a 
little  water,  and  then  if  required  pure  i-ecrystal- 
lised  from  this  solvent.  In  this  way  a  beauti- 
ful brilliant- white  scaly  crystalline  mass  is  ob- 
tained, which  consists  of  pure  sodic  anthra- 
quinone monosulphonate,  the  so-called  '  silver 
salt  '  of  the  alizarin  manufacturer. 

The  free  acid  obtained  by  the  addition  of  an 
acid  to  the  soda  salt  crystallises  in  plates.  It 
is  very  easily  soluble  in  cold  water  and  alcohol, 
but  almost  insoluble  in  ether. 

When  fused  with  caustic  soda,  this  acid  (or 
rather  its  soda  salt)  gives  first  hydrcxyanthra- 

quinone  C„H,<^|^|^^CJI,,OH, and  then  alizarin; 

and,  as  will  be  shown  later  on,  alizarin,  when 
prepared  on  a  manufacturing  scale,  is  invariably 
formed  from  the  monosulphonic  acid  of  anthra- 
quinone, not  from  the  disulphonic  acid  as  might 
be  expected.  The  reason  for  this  is  that  on 
fusing  hydroxyanthraquinone  with  caustic  soda, 
a  continuous  process  of  oxidation  and  re- 
duction is  carried  on,  the  change  being  repic- 
Scntod  by  the  following  equation  :  — 
C,  ,H;(ONa)0,  -f  NaOH  +  O 
Socliu-u  mouohydrox.i  authmqui:iouate 

So.lium  a  izarate 
the  oxygen  being  supplied  at  the  expense  of  a 
l)artof  tbehydroxyanthraq-iinone  which  is  there 
by  reduced  to  anthraquinone.    On  the  large  scale 
this  reduction  is  prevented  by  the  us3  of  chlorate 
of  potash  in  the  fusion. 

Lifi'rature.--Gi-a,ehe  and  Liebermann  (A.  100, 
131  ;  212,  41  ;  B.  7,  805). 

Anthraquinone  disulphonic  acids 

C.H,<COn,CH.(SO,H)., 

\Vhen  anthraquinone  is  heated  to  a  high  tem- 
jiorature  with  2  or  3  parts  of  ordinary  or  better 
fuming  sulphuric  acid,  a  mixture  of  a-  and  B- 
authraquinone  disulphonic  acid  is  obtained, 
which  can  be  separated  by  fractional  crystallisa- 
tion of  the  sodium  salts. 

Preparation.— \.  A  mixture  of  10  kilos  of 
anthraquinone  and  20  to  30  kilos  of  fuming  sul- 
phuric acid  is  heated  to  a  temperature  of  IGO''- 
170°  unul  a  sample  taken  out  is  found  to  dis- 
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solve  completely  in  water.  The  product  is  then 
heated  another  hour  to  convert  any  mono-  into 
disulphonic  acid,  poured  into  water,  neutralissj 
with  caustic  soda,  and  evaporated.  —  2.  10  kilos 
of  anthraquinone,  12  kilos  of  hydrogen  sodium 
sulphate,  and  40  kilos  of  ordinary  concentrated 
sulphuric  acid  are  heated  in  pressure  tubes  for 
five  or  six  hours  to  260",  the  product  treated 
with  water,  and  the  acids  converted  into  sodium 
salts  as  above. 

In  concentrating  the  solution  of  the  sodium 
salt  obtained  by  either  of  the  above  methods,  the 
sodium  salt  of  the  n-acid  crystallises  out  first,  the 
more  readily  soluble  salt  of  the  ;S-acid  remaining 
in  the  mother -liquors,  and  thus  by  repeated 
reorystallisalion,  the  two  acids  are  easily  sepa- 
rated from  one  another. 

The  free  acids  obtained  by  decomposing  the 
salts  by  an  acid  are  both  readily  soluble  in 
alcohol  and  water,  but  insoluble  in  ether  and 
benzene,  the  a-acid  crystallises  in  small  yellow 
crystals,  the  fl-acid  in  beautiful  yellow  plates. 

The  salts  of  the  a-acid  are  sparingly  soluble 
in  water  and  crystallise  with  difficulty,  those  of 
the  6-acid  are  readily  soluble  and  crystallise 
with  the  greatest  ease. 

Besides  these  two  important  acids,  two 
further  disulphonic  acids  of  anthrac|uinone  arc 
known — viz.,  x-a"thraquinone  disulphonic  acid 
and  p-anthraquinone  disulphonic  acid. 

Literature— 'tic\iw\tz  (Chemie  des  Stein- 
kohlentheers,  709,  712) ;  Perkin  (C.  J.  1870,  133)  : 
Graebe  and  Liebermann  (A.  150,  134). 

X--'inthraquinone  disulphonic  acid.  This 
acid  is  formed  by  treating  sodium  o-anthrai.'ene 
dlsulphonate  with  nitric  acid.  The  sodium  salt 
crystallises  in  yellow  prisms,  which  are  sparingly 
soluble  in  water.  On  fusing  with  potash  this 
salt  yields  ohrvsazin  C, ,11  .(OH) ,0 ,.  hydroxy- 
ehrysazin  C,,H  (OH).jO._,  )«-hydrcxybenzcic  acid, 
and  salicylic  acid. 

2>ifera<«/-c.— Liebermann  and  Dehnst  (B.  12, 
1288). 

p-Anthraqu  nine  disulphonir  acid  is  ob- 
tained by  oxidising  6-anthracene  disulphonic 
acid.  The  soda  salt  crystallises  in  leather-yellow 
plates,  which  are  easily  soluble  in  water.  On 
fusing  with  potash  il  yields  anthiarufin 

(OH).C,a:<^Q>C,H,(OH), 

hydroxychrysazin  C,|H(OH),0.„  m-  and  o- 
hydroxybenzoic  acids. 

iue/a<«)c-.  — Liebermann  and  Dehnst  (I.e.). 
The  relation  of  the  various  colouring  matters 
ot  this  group  tc  anthracene,  anthraquinone,  and 
its  sulphonic  acids  is  easily  understood  Ircni  the 
following  table  (Schultz)  :  — 


Antln-aq-i'none 

I 


Monosulphonic  a^id 


(a-  ifc  B-)  Disu'phonic  acids 


(a-  ik  6  )  Anthracene  disulphonic  acids 

1 

'  I 
(x-  A'  fi-)  Disulphonic  acids 

«  /3  X  p 

»j-ITydroxyanthraquinone    Anthraflavic  acid    Isoanthraflavic  acid     Chrysazin  Anthiarufin 

AT  '     •  '  '  i  ! 

Alizarin  Flavopurpurin  Isopurpurin        Hydroxychrys-  (Hydi'oxyan- 

(Authiaijurijiuiii)  azin  tliiai-uiia) 
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The  behaviour  of  tlie  anthiaquinone  ilisul- 
phonic  aciils  on  fusion  with  potash  is  exactly 
similar  to  tliat  of  the  monosulphonic  acid.  Just 
as  this  acid  on  fusion  with  potash  is  hrst  con- 
verted into  monohydroxyanthraquinone  and 
then  by  oxidation  into  dihydroxyantliraquinone 
(alizarin),  so  the  anthraquinone  disulphonic 
acids  in  the  first  place  yield  the  corresponding 
dihydroxyanthraquinones,  which  then  by  the 
further  action  of  the  potash  are  converted  into 
trihydroxyantliraquinones. 

Hydroxyanlhraquinone3. 

I.  Monohydroxyanthraquinoncs 

o-IIydroxyanthraquinone  Eiythroxyanthra- 
quinonc).  This  substance  is  formed  together 
with  7»-hydroxyanthraiiuinone  by  strongly  heat- 
ing a  mixture  of  phenol  and  phthalic  anhydride 
with  sulphuric  acid. 

*-'«"'\L'o/"  c'oH,oii = a?T,/j;iJ^|\cjL(  on )  -I-  H,(:». 
Also    by   heating    o-brcnianthraquinone  with 
potash  to  100  '. 

o-Hydroxyanthraquinone  crystallises  from 
alcohol  in  orange-red  needles,  which  melt  at 
11)0".    When  fused  with  potash  it  gives  alizarin. 

Litcratuir. — Baeyer  and  Caro  (L>.  7,  96"J)  ; 
Pechniaini  (15.  12,  2128). 

»i-Hydroxyanthraquinone  is  easily  prepared 
by  melting  anthraquinone  sulphonic  acid  or  m- 
bronianthraquinone  with  potash.  Synthetically 
it  has  been  prepared  (together  with  o-hydroxyan- 
tliraquinone)  by  heating  together  phthalic  anhy- 
dride, phenol  and  sulphuric  acid  {v.  supra)  It 
crystallises  from  alcohol  in  yellow  plates,  which 
melt  at  ii2.'j  ,  and  sublimes  readily  at  a  higher 
temperature.  When  fused  with  potash  it  is 
converted  into  alizarin.  A  mixture  of  o-  and  m- 
liydroxyanthraquinone  can  easily  be  resolved  into 
its  constituents  by  means  of  baryta  water,  with 
which  o-hydroxyanthraquinone  forms  an  in- 
soluble compound,  whereas  the  barium  salt  of  iii- 
hydroxyanthraquinone  is  readily  soluble. 

Literature.  —  Graebe  and  Lieberniann  (A.  IdO, 
lil);  Baeyer  and  Caro  (B.  7,  WV.)). 

Dihydroxyanthraquinones. 
Alizaiin  (1,  2)  DUtijdroxi/autludtjiiuion^ 

^«^^'<C0>^'^"<0Hi2)- 
Alizarin  occurs  in  madder  (the  root  of  Rnbia 
tinctoria)  as  rubianic  acid,  and  is  obtained 
from  this  glucoside  either  by  the  action  of  a  fer- 
ment,  or  by  tieatmont  with  a  dilute  acid  :  — 
C,,H,,0,,  -F  2H,0  =  C,,H,0,  +  2C„H,_0,. 

RubiiLiiio  ;Lci(l  A  izariii  (rlticose 

Alizarin  is  prepared  artificially  by  fusing  dichlor- 
anthraquinone,  dibromanthracjuinone,  anthra- 
quinone, mono-  or  disulphonic  acids  with  potash. 
It  is  produced  synthetically  when  a  mixture  of 
pyrocatechol  and  phthalic  anhydride  is  heated 
with  sulphuric  acid  to  1 10'^  :  — 

P.vriic:ii,'jcliol    Plitha.ic  iiulu  c'l'iili" 

=cH,<^:;^>cA<o«jjj.Ho. 

Alizarin 

Puiificition  of  artificial  alizarin.  Coiii- 
mcreial  alizuiiu  contains  as  impurities  hydroxy- 


anthraquinone, anthrapurpurin,  flavopurpurin, 
and  small  quantities  of  other  colouring  matters. 

In  order  to  sepai  ate  the  alizarin  from  these, 
the  crude  commercial  product  is  dissolved  in 
dilute  caustic  soda,  and  the  solution  treated  with 
carbonic  acid  until  two-thirds  of  the  colouring 
matter  has  been  precipitated  as  acid  sodium  salt. 
The  precipitate  is  collected,  washed  with  water, 
decomposed  with  hydrochloric  acid,  the  crude 
alizarin  thus  obtained  dissolved  in  caustic  soda, 
and  the  treatment  with  carbonic  acid  repeated 
twice  more. 

The  purified  product  is  then  boiled  with 
baryta  water  to  remove  hydroxyanthraquinone 
and anthrafiavic  acid  (which  dissolve),  the  barium 
salt  of  alizarin  is  collected,  washed,  decomposed 
by  hydrochloric  acid,  and  the  alizarin  either  sub- 
limed or  recrystalliscd  frjm  alcohol. 

Alizarin  crystallises  from  alcohol  in  red 
needles  or  prisms,  whicli  melt  at  '2S'2\  and  sub- 
lime at  a  higher  temperature.  With  care  alizarin 
can  be  sublimed  in  magnificent  deep-red  prisms, 
which,  if  the  operation  be  performed  on  a  large 
scale,  may  be  obtained  over  an  inch  in  length. 

It  dissolves  in  alkalis  with  a  purple  colour, 
and  is  completely  precipitated  from  this  solution 
by  the  addition  of  lime  or  baryta  in  the  form  of 
a  blue  precipitate  of  the  calcium  or  barium  salt. 
Heated  with  acetic  anhydride  to  100°  alizarin 
forms  a  diacetyl  compound  C||H  ,0_,(C_,H,0)_,0  , 
which  crystallises  from  alcohol  in  long  yellow 
needles,  melting  at  100^  When  treated  with 
nitrous  acid  alizarin  yields  anthraquinone. 
Nitric  acid  acts  violently  on  alizarin  with  evolu- 
tion of  red  vapours  and  formation  of  phthalic 
and  oxalic  acids.  Distillation  with  zinc  reduce.'S 
alizarin  to  anthracene. 

Salts  of  alizarin.  Calchnn  aVizarate 
CaC,,H,0,-t  H  O 
is  precipitated  by  adding  calcium  chloride  to  ail 
ammoniacal  solution  of  alizarin  as  a  purpie 
mass.  Barium  alimratc  BaC, .H  C)^ 4- H^O  is 
prepared,  like  the  calcium  salt,  by  mixing  aij 
alkali'ie  solution  of  alizarin  with  barium  chloride. 
It  is  deep-violet  when  moist,  almost  black  when 
dry,  and  very  sparingly  soluble  in  water.  Alim:- 
inium  alizurate  (C,  ,H„0_) ,A1. 0.,(?)  is  obtained  by 
preci])itating  an  alkaline  solution  of  alizarin  with 
alum  or  aluminium  hydroxide.  It  is  a  very  fine 
rod,  or  rose-red  precipitate.  Lead  ali.-arute 
C|,H p.l'b  is  obtained  by  mixing  an  alcoholic 
solution  of  alizarin  with  an  alcoholic  solutio.i 
of  sugar  of  lead. 

Alizarin  can  readily  be  detected  by  means  of 
the  spectroscope,  as  it  gives  in  alkaline  solution 
two  sharp  absorption  bands,  one  at  d  and  one 
near  c,  as  will  readily  be  seen  from  the  accom- 
panying figure,  which  shows  the  absorption 
spectrum  of  a  solution  of  alizarin  in  alcoholic 
pot,i;-h. 


LUerat arc  — Andvvson  (J.  1847-18,  71!)); 
Stenhouse  (J.  1864,  543) ;  Bochleder  (B.  3,  2i);3) ; 
I'erkin  (C.  J.  28,  141)  ;  Graebe  and  Lieber- 
mann  (A.  Suppl.  7,  300  ;  B.  3,  'do',))  ;  Baeyer  and 
Caro  (li.  7,  072) ;  Liebcrmann  '(A.  183,  20l;)  ; 
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L'ebermann  and  Delinst  (B.  12, 1293)  ;  Scliunck 
(A.  ti(),  187) ;  Woltt'  and  Strecker  (A.  75,  8). 

Derivatives  of  alizarin.  When  treated  witli 
tlie  ordinary  re-agents,  such  as  bromine-,  nitric 
acid,  &c.,  alizarin  forms  a  variety  of  valuable 
substitution  products,  some  of  which  are  used  to 
a  considerable  extent  as  dyeing  agents.  The 
most  important  of  these  are  the  following  :  — 
CO 

Monobroma  izarin  C,H,<^gQ^C^HI)r(OH).,. 

This  substance  is  prepared  by  heating  alizarin 
with  bromine  and  bisulphide  of  carbon  to  18J°- 
iyo°  for  four  or  five  hours. 

It  crystallises  from  glacial  acetic  acid  in 
orange-coloured  needles  which,  when  heated, 
first  melt  to  an  orange- coloured  liquid  and  then 
s.ibliniein  orange-ved  needles. 

As  a  dyeing  agent,  monobromalizar.'n  retains 
all  the  properties  of  combining  with  mordants 
possessed  by  alizarin,  and  the  colours  produced 
appear  to  be  equally  fast.  The  shade  of  colour 
produced  is,  however,  not  the  same,  the  reds 
being  less  purple,  and  the  purples  less  blue  than 
those  produced  by  alizarin. 

Litcratiirc.  —  rei-khi  (C.J.  27,  401) 

a  Nitroaliza  in  C,,H,(NO  )0,.  This  sub- 
stance is  obtained  by  treating  diacetyl  alizarin 
with  nitric  acid. 

Preparation. — Diacetylalizarin  in  tine  powder 
is  gradually  added  to  nitric  acid  (sp.gr.  1-5) 
cooled  with  ice.  The  resulting  dark-red-coloured 
liquid  is  poured  into  an  excess  of  water,  and  the 
yellow  precipitate,  thus  formed,  is  collected,  we'd 
washed  with  cold  water,  and  then  boiled  with 
water  to  dissolve  out  a  small  quantity  of  an 
orange-coloured  secondary  product.  Tlie  residue 
is  dissolved  in  hot  dilute  caustic  potash,  the 
resulting  blue-violet  solution  acidified  with  1 
hydrochloric  acid,  and  the  precipitate  recrystal-  [ 
Used  from  alcohol.  o-Nitroalizarin  crystallises 
from  alcohol  or  glacial  acetic  acid  in  golden 
yellow  needles.  It  dissolves  in  caustic  alkali  | 
with  a  blue-violefc  colour,  but  if  only  a  minute 
quantity  of  alkali  is  employed  the  solution  is  of 
a  fine  crimson  colour.  The  alkaline  solution 
gives  two  absorption  bands  similar  to  alizarin. 
Nitroalizarin  is  easily  reduced  in  alkaline  solu- 
t.on  with  sodium  amalgam,  amidoalizarin 
C,, 11, (NH,)0^  resulting. 

a-Amidoalizarin  crystallises  from  alcohol  in 
small  needles  of  a  nearly  black  colour,  but  pos- 
sessing a  slight  gi-eenish  metallic  retiection.  Its 
alcoholic  solution  gives  two  absorption  bands ; 
the  first  is  a  little  beyond  d  and  the  second  near 
E.    There  is  also  a  faint  line  close  to  f. 

Dyeing  Properties  of  a-Nitro-  and  a-Amido- 
alizarin. These  colouring  matters  possess  the 
power  of  dyeing  ordinary  madder  mordants. 
a-Nitroalizarin  gives  with  alumina  mordants 
very  clear  orange-red  colours,  not  unlike  some 
of  the  colours  jiroduced  with  aurine,  and  with 
iron  mordants  reddish-purple  colours.  Amido- 
alizarin gives  with  alumina  mordants  purple 
coloius,  and  with  iron  a  bluish  or  steel-like 
colour.  The  great  beauty  of  the  colours  pro- 
duced by  a-nitroalizaiin  makes  it  a  most  valuable 
dyeing  agent.  It  is,  however,  not  manufactured 
on  the  large  scale,  owing  to  the  expense  atten- 
dant on  its  preparation,  and  up  till  now  no 
cheaper  method  has  been  found  for  producing  it 
than  the  above. 


Litrratiiir.~Feik[n  (C.  J.  30,  578). 
)3-Nitroalizarin 

C„H,<^|^>C„H(NO,)(OH),(OH:OH:NO,  =  l:2:3). 

;8-Nitroalizarin  is  prepared  by  the  action  of 
nitrous  fumes  or  nitric  acid  on  alizarin,  and  also 
by  boiling  diuitro-)«-liydroxyanthraquinone 

C,^H,(6h)(N0,),0.,, 
with  caustic  soda  (20  p.c). 

Preparation.-  1  part  of  alizarin  suspended 
in  10  parts  of  glacial  acetic  acid  is  carefully 
mixed  with  0'7  paits  of  nitric  acid  (of  •12^'B.). 

The  mixture  is  allowed  to  stand  at  the  ordi- 
nary temperature  until  the  precipitate,  on  ex- 
amination with  the  spectroscope,  is  found  to 
contain  no  more  alizarin.  The  whole  is  then 
fiitered,  the  residue  dissolved  in  warm  dilute 
potash  solution,  reprecipitated  with  hydrochloric 
acid,  and  the  crude  nitroalizarin  purified  by  re- 
crystallisation  from  g'acial  acetic  acid.  j8-Nitro- 
alizarin  crystallises  in  orange-yellow  needles 
which  melt  with  decomposition  at  241°.  When 
carefully  heated  it  sublimes,  with  a  good  deal  of 
decomposition,  in  yellow  needles.  Dissolved  in 
alkalis  it  forms  a  purple  solution  ;  the  sodium  salt 
is  insoluble  in  an  excess  of  caustic  soda.  The 
'  calcitim  salt  is  an  insoluble  violet-red  precipitate, 
I  which  is  not  decomposed  by  carbonic  acid  (dis- 
'  tinetion  from  alizarin).  Treated  with  glycerin 
and  sulphuric  acid,  j3-nitroalizarin  is  converted 
into  alizarin  blue. 

The  diacetate  of  ;8-nitroahzarin  crystallises 
in  yellow  needks  melting  at  218°. 

;8-Nitroalizarin  is  prepared  on  the  large  scale, 
and  comes  into  the  maiket  under  the  name  of 
'  Alizarin  orange.'  In  dyeing  it  is  applied  to 
the  various  fibres  in  the  same  way  as  alizarin  ; 
but  although  it  yields  fast  colours,  it  has  as 
yet  found  only  comparatively  limited  emp'oy- 
ment.  Applied  to  wool  it  gives  the  following 
shades  :  — 

With  an  aluminium  mordant  it  yields  a  very 
good  orange  ;  with  stannous  chloride  mordant  a 
reddish  or  yellowish  orange  according  to  the 
amount  of  mordant  used  ;  with  copper  sulphate 
mordant  a  good  reddish-brown  is  obtained;  with 
ferrous  sulphate  a  purplish-brown;  and  with 
bichromate  of  potash  a  dull  brownish-red. 

Literature.  —  Roseiistiehl  (Bl.  "^iC,  O'i); 
Schunck  and  Roemer  (B.  12,  584);  Simon  (B.  15, 
C92). 

Alizarin  blue 

C„H,NO.  =  C,H,<^^>C,(OH)/  i 

=  CII 

(OH:OH:N:CH  =  1:2:3:4). 
This  important  colouring  matter,  discovered  by 
I'rud'homme,  is  obtained  by  treating  0-nitio- 
alizarin  with  glycerin  and  sulphuric  acid.  Its 
chemical  constitution  was  first  demonstrated  by 
Graebe,  who  showed  that  this  substance  was 
related  to  alizarin  in  precisely  the  same  way  as 
quinoline  is  to  benzene,  i.e.  that  alizarin  blue  is 
a  quinoline  of  alizarin. 

Pi-cparation.--\  part  of  ;3-nitroalizarin,  5 
parts  sulphuric  acid,  and  l  i  glycerin  (of  sp.gr. 
1-262)  are  mixed  and  gently  heated. 

At  107°  the  reaction  commences  and  soon 
becomes  very  violent,  the  temperature  rising  to 
200°.  After  the  frothing  has  subsided,  the  .mass 
is  poured  into  water,  the  product  well  boiled, 
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filtered,  and  the  residue  exU'acted  three  or  four 
times  with  very  dikite  sulpliuric  acid.  The 
combined  extracts  on  cooling  deposit  the  crude 
alizarin  blue  sulphate  in  brown  crystals.  These 
are  collected,  washed  with  water  till  neutral, 
m'xed  with  water,  and  borax  added  until  the 
solution  becomes  brownish-violet.  The  precipi- 
tate thus  formed  is  filtered  off,  washed  with 
water,  and  decomposed  with  a  dilute  acid,  the 
crude  alizarin  blue  thus  obtained  lioing  purified 
by  recrystallisation  from  benzene  or  glacial 
acetic  acid. 

Alizarin  blue  crystallises  from  benzene  in 
brownish-violet  needles  which  melt  at  270'',  ami 
at  a  higher  temperature  gives  off  orange-red 
vapours  which  condense  in  the  form  of  blue 
needles. 

It  is  insoluble  in  water,  sparingly  soluble  in 
alcohol  and  ether,  more  readily  soluble  in  hot 
benzene.  It  dissolves  in  ammonia,  potash  or 
soda,  forming  blue  solutions  which  become  green 
when  Hiixeil  with  an  excess  of  alkali. 

Alizarin  blue  combines  with  both  bases  and 
acids. 

The  barium  salt  BaC,.H,NOjBaO  +  ^H/l  is 
a  greenish-blue  precipitate.  The  following  saHs 
of  alizarin  blue  with  acids  have  been  pro- 
pared: — 

C,;H,|N0,HC1  is  a  red  crystalline  precipitate 
formed  by  passing  dry  hydiochloric  acid  gas 
tiirough  a  solution  of  alizarin  blue  in  boiling 
benzene.  When  treated  with  water  it  is  com- 
pletely decomposed  into  its  constituents.  The 
sulphate  crystallises  in  red  needles.  The  acetate 
C|;H  ,NO,C.^HjO.,  crystallises  in  blue  plates. 

Alizarin  blue  also  combines  with  picric  acid 
forming  a  compound  C|.H,,NOj.C„H.,(NO._,).,0 
which  crystallises  from  benzene  in  long  orange- 
red  prisms  melting  at  215°.  This  compound  is 
completely  decomposed  by  water.  One  of  the 
most  important  compounds  of  alizarin  blue  is 
the  sodium  bisulphite  compound 

C,,H„N0,.2NaHS0,. 
This  product  is  manufactured  on  the  large  sca'e 
and  sold  under  the  name  of  '  Alizarin  Blue  S.' 
It  ilissolves  readily  in  water,  with  a  brownish-red 
colour.  Alizarin  blue  is  met  with  in  commerce 
in  two  forms,  viz.  as  a  paste  containing  about  10 
p.c.of  dry  substance,  and  as  a  powder  under  the 
name  of  Alizarin  Blue  S.  The  former  is  nearly 
insoluble  in  water,  while  the  latter,  which  is  the 
bisulphite  compound  (described  above),  dis- 
solves readily.  This  soluble  kmd  is  now  almost 
entirely  used  in  dyeing.  In  dyeing  cotton  with 
alizarin  blue  a  chromium  mordant  is  used,  but 
in  the  case  of  wool,  bicliiomate  of  potash  gives 
the  best  results. 

Alizarin  blue  with  an  alumina  or  iron  mor- 
dant is  also  used  for  dyeing  silk. 

Alizarin  blue  is  used  largely  as  a  substitute 
for  indigo  in  calico-printing  works.  It  is  one  of 
the  most  stable  colouring  matters,  and  is  even 
said  to  be  faster  than  indigo  itself. 

Literature. — Prud'homme  (Bl.  28, 02) ;  Graebe 
(A.  201,  333) ;  Auerbach  (C.  J.  35,  800;. 

(1,  3)  Dihydroxyanthiaquinone  I'urpuroxan- 

Purpuroxanthin  exists  in  small  quantities  in 
madder.  It  can  be  prcpaied  by  hsatiiig  pinpurin 


C|,H,(0H)30.^  with  iodide  of  pliosphorus  and 
water,  or  more  readily  by  boiling  purpurin  with 
caustic  soda  and  chloride  of  tin. 

I'rcparation.  —  Purpurin  is  dissolved  in  a 
boiling  solution  of  caustic  soda  (10  p.c),  and 
chloride  of  tin  added  until  the  solution  loses  its 
deep-red  tint  and  becomes  of  a  yellow  colour. 
Hydrochloric  acid  is  then  added,  the  precipitate 
washed  with  strong  hydrochloric  acid,  dissolved 
in  baryta  water,  reprecipitated  with  hydrochloric 
acid  and  crystallised  from  alcohol. 

I'nrpuroxanthin  crystallises  in  reddish-yellow 
needles  which  melt  at  2(i2°-2(;3".  It  dissolves  in 
alkalis  with  a  reddish  colour.  If  the  solution 
in  caustic  potash  be  boiled  in  the  air,  it  absorbs 
oxygen,  the  purpuroxanthin  being  reconverted 
into  purpurin. 

Literature.  —  Schiitzenberger  and  Schiffert 
(B1.4,  12). 

(1,  -1)  Dihydroxyanthraquinone  Qumimr'm 

^■•^^'■\C0->^''^<t)H(l), 
is  obtained   by  heating  a  mixture  of  quinol 
(or  ;)-chlorphenol)  and  phthalic  anhydride  with 
sulphuric  acid. 

-c.n,<s>'=."4iSi;i+"A  ■ 

Preparation. — E(iual  parts  of  ^j-chlorphenol 
and  phthalic  anhydride  are  heated  to  20U°-210'-' 
for  some  hours,  with  ten  times  as  much  sul- 
phuric acid  as  chlorpbenol  used.  The  pioduct 
is  poured  into  two  or  three  times  its  volume  of 
water,  and  after  standing  for  twenty-four  hours, 
the  precipitate  is  filtered  off,  washed  and 
pressed. 

The  crude  product  is  then  boilc(l  with  water 
to  free  it  from  phthalic  acid,  dissolved  in  caustic 
soda,  precipitated  with  hydrochloric  acid  and  re- 
crystallised  from  alcohol.  In  order  to  remove  a 
small  quantity  of  purpurin,  which  is  nearly 
always  present,  the  crude  quinizarin  is  then 
washed  with  cold  dilute  caustic  soda  as  long  as 
the  solution  is  coloured  red,  and  the  residue  re- 
crystallised  from  toluene. 

Quinizarin  crystallises  from  alcoh.ol  in  rc  I 
needles  which  melt  at  1U2'''-1'.).'5'  ,  and  sublime  at  a 
high  temperature  with  partial  decomj  osition. 
It  dissolves  readily  in  benzene.  The  solutions  in 
ether  and  sulphuric  acid  are  characterised  by  a 
beautiful  greenish-yellow  fluorescence.  Quin- 
izarin dissolves  in  baryta,  forming  a  blue  solu- 
tion from  which  it  is  reprecipitated  on  passing 
carbonic  acid  (distinction  from  alizarin). 

When  fused  with  potash  it  is  converted  into 
hydroxychrysazin  C||H^O  ..  Quinizarin  forms  a 
diacetate  which  melts  at  200'^. 

Literature. — Baeyer  and  Caro  (B.  8,  152) ; 
Schunck  and  Eoemer  (B.  10,  554). 

Anthrafiavic  acid  0H.C,H,<^^^>C„H3.0H. 

Anthraflavic  acid  is  prepared  by  fusing  a-anthra- 
quinone  disulphonic  acid  with  potash,  and  is 
tiierefore  nearly  always  pieient  in  artificial 
alizarin.  Synthetically  it  has  been  obtained  by 
heating  «j-hydroxybenzoic  acid  with  sulphuric 
acid  to  190°. 

20H.C„H,.C00H 
=  0H.C„H,<^[]>C„H,.0H  .  11,0. 
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This  mode  of  formation  proves  that  this  suh- 
slaiicp  contains  the  two  hydroxyl  groups  in 
d.l^eront  benzene  ring's.  | 

Anthraflavic  acid  crystallises  from  alcohol  in 
yellow  needles  which  melt  above  330°.  The  pars 
substance  when  carefully  heated  sublimes  par- 
tially in  yellow  needles,  leaving  a  considerable 
quantity  of  a  carbonaceous  residue.  Anthraflavic 
acid  does  not  dye  mordanted  cloth.  It  dissolves 
in  alkalis  forming  a  yellowish-red  solution,  and 
in  sulphuric  acid  forming  a  green  solution,  the 
absorption  spectrum  of  which  shows  a  broad 
band  between  the  blue  and  the  green.  Anthra- 
flavic acid  forms  a  number  of  salts  of  which  the 
sodium  sa't  is  the  most  characteristic  This  salt 
is  sparingly  soluble  in  water,  and  is  remai'kable 
for  the  ease  with  which  it  crystallises  ;  this  dis- 
tinguishes it  from  isoanthraflavic  acid,  and  gives 
a  ready  means  of  separating  these  two  substances. 
When  treated  with  acetic  anhydride,  anthra- 
flavic a';id  formsadiacetate  melting  at228°-229°. 

Literature.^¥ev\im  (C.  J.  1871,  24,  1109; 
20,  19);  Schunck  and  lloemer  (B.  9,379;  11, 
970)  ;  Liebermann(B.  5,  9C3)  ;  Eosenstiehl  (Bl. 
29,  401-434)  ;  Barth  and  Senhofer  (B.  170, 100). 

Isoanthraflavic  acid  CnH^O,  is  formed  when 
/3-anthraquinone  disulphonic  acid  is  fused  with 
potash,  and  is  therefore  always  contained  in 
crude  alizarin.  In  preparing  it,  crude  alizarin  is 
dissolved  in  dilute  causiic  soda,  the  solution  pre- 
cipitated with  hydrochloric  acid,  and  the  pre- 
cipitate dissolved  in  cold  baryta  water  and  filtered. 
(In  this  way  isoanthraflavic  acid,  which  forms 
a  soluble  baryta  compound,  is  easily  separated 
from  alizarin,  anthrapurpurin,  and  anthraflavic 
acid,  which  yield  insoluble  barium  compounds.) 
The  filtrate  is  treated  with  hydrochloric  acid 
and  the  precipitate  recrystallised  from  alcohol. 
Anthraflavic  acid  crystallises  in  long  yellow 
needles,  containing  1  mol.  H^O,  which  can  be 
driven  off  at  150°.  It  melts  above  330°  and  sub- 
limes at  a  high  temperature  in  lustrous  yellow 
needles.  It  dissolves  easily  in  alkalis  forming  a 
deep-red  solution,  but  it  does  not  dye  mordanted 
cloth.  Fused  with  potash  isoanthraflavic  acid 
yields  anthrapurpurin. 

The  diacetate  of  isoanthraflavic  acid  melts  at 
195°. 

Literature. — Sohunck  and  Roemer  (B.  9,  379). 
/.uihrarufln  (1:4')  Diliijdro.rijanthraquinoiie 

(4)(0H)C,H,<^;^>C„H,(0H)(1). 

Anthrarufin  is  formed  together  with  anthra- 
flavic acid  and  metabenzdioxyanthraquinone  by 
heating  5«-oxybenzoic  acid  with  sulphuric  acid. 
2(0H)C,.H,.C00H 

=  (4)0H.C„H,<;^J^>C,H,0H.(1)  -F2I-L0. 

It  may  also  be  obtained  by  fusing  o-anthra- 
quinoneclisulphonic  acid  with  potash.  Av.thra- 
rufin  cryslallises  in  yellow  needles  which  melt 
at  280°,  and  svrblime  easily  at  a  higher  tempera- 
ture (distuiction  from  anthraflavic  acid).  It 
dissolves  with  dilHculty  in  ammonia  and  soda, 
but  more  readily  in  potash. 

Antlirarufin  dissolves  in  sulphuric  acid, 
forming  a  deep-red  solution,  the  colour  of  which 
is  so  intense  that  it  is  still  easily  apparent  in 
solutions  containing  only  1  ])art  in  10,000,000. 

Anthrarufin  forms  a  diacetate  which  melts 
at  244°-245°. 


Literature. — Schunck  and  Eoemer  (B.  11, 
117o) ;  L'ebermann  and  Dehnst  (B.  12,  1239). 
Metabenzdihydroxyantnraquinone    C,  .H^Oj 

is  formed  together  wi.'h  anthraflavic  acid  and  an- 
thrarufin by  heating  ;(t-hydroxybenzoic  acid  with 
sulphuric  acid  (v.  supra).  It  is  separated  from 
tliese  by  treatment  with  benzene  and  subsequent 
recrystallisation  from  dilute  alcohol.  Meta- 
benzdihydroxyanthraquinone  forms  yellowish 
needles  which  melt  at  291°-293°,  and  sublime  at 
a  higher  temperature  almost  without  decom- 
position. It  dissolves  in  alkalis  with  a  dark- 
yellow  colour,  and  in  concentrated  sulphuric 
acid,  forming  a  broOTiish-yellow  solution,  which 
shows  no  absorption  bands. 

The  diacetate  of  metabenzdihydroxyanthra- 
quinone  melts  at  199°. 

Literature. —  Hahnnck  and  Roemer  (B.  10, 
1225)  ;  Rosenstiehl  (B.  9,  94G). 

(1,  1'  .or  1,  3')  Dihydroxyanthraquinone 
(Chrysazin)  is  formed  by  fusing  x-antliraquinone- 
disulphonic  acid  with  potash,  or  by  treating 
hydroohrysamid  C|,H^(NHJ,(OH)_,0„  with  nitrous 
acid  and  alcohol.  (N.B.  Hydrochrysamid  is 
obtained  by  the  reduction  of  chrysammic  acid 
C|,H(NO^),Oj,  which  is  the  product  of  the  action 
of  nitric  acid  on  aloes.) 

Clnysazin  fjrms  reddish-brown  needles 
which  melt  at  191°.  It  dissolves  in  alkalis  and 
sulphuric  acid,  with  a  red  colour.  Its  diacetate 
melts  at  227°-232°. 

Literature. — Liebermann  (A.  183,  184). 

Frangulic    acid    CnH^Oj.     The  glucoside 
frangulin  when  boiled  with  dilute  acids  is  con- 
verted into  frangulic  acid  and  sugar,  thus: — • 
C,.H,„0,„    =  C,,H,0,-fC„H,,0,. 

I'raiiguliu  rriiii^ailic 
aciil 

It  crystallises  from  alcohol  in  yellowish-red 
needles,  which  melt  at  252°-254°,  and  sublime 
readily  on  further  heating  with  slight  decom- 
position. It  dissolves  in  alkalis  forming  a 
clierry-red  solution.  Its  diacetate  melts  at  184°. 
L iteratu re. —Fanst  (A.  165,  231). 

Trihydroxyantliraquinones. 

Anthrapurpurin.  Isojiiujmriu.  Hydroxy- 
isoantlirajiavic  acid. 

(OH).CH<CO^CA[Og;g. 

This  important  colouring  matter  is  contained 
in  crude  artificial  alizarin.  It  is  formed  by  fusing 
/3-anthraquinonedisulphonic  acid,  isoanthra- 
flavic acid,  metabenzdihydroxyanthraquinone, 
or  a-dibromanthraquinone  with  potash. 

The  preparation  of  this  substance  is  a  some- 
what tedious  process  dependent  on  the  fact  that 
anthrapurpurin  differs  from  alizarin,  in  the 
behaviour  of  its  alumina  lake.  The  former,  on 
treatment  with  an  alkaline  carbonate,  is  dis- 
solved, whilst  the  alizarin  lake  remains  un- 
attacked.  The  solution  containing  the  anthra- 
purpurin is  filtered  from  the  alizarin  lake,  heated 
to  boiling,  and  acidified  with  hydrochloric  acid. 
The  anthrapurpurin  thus  obtained  is  purified  by 
conveision  into  its  dilficultly  soluble  sodium 
compound,  and  from  this,  by  precipitation  with 
barium  chloride,  tlie  barium  salt  is  obtained  which 
is  decomjjosed  with  hydrochloric  acid.  The  pre- 
cipitate is  collected  on  a  filter,  well  washed  with 
water  and  recrystallised  from  glacial  acetic  acid. 
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Aiithvapm-purin  crystallises  in  oraiige- 
coloureil  needles  which  melt  above  330^,  and, 
wlien  carefully  heated,  sublime  in  long  red 
needles.  It  dissolves  in  alkalis  with  a  violet 
colour ;  the  solution  shows  the  same  absorption 
spectrum  as  alizarin. 

With  acetic  anhydride  anthrapurpurin  forms 
a  triacetate  C|4H  ,(C^H.|0).j05,  which  crystallises 
in  yellow  needles,  melting  at  220°.  When  heated 
with  ammonia,  anthrapurpurin  is  converted  into 
anthrapurpurinamide  C,jH  ,(NH.^)(OH).^0„. 

Anthrapurpurin  has  the  same  al'tinity  for 
mordants  as  alizarin ;  the  colours  it  produces 
are  also  analogous  to  some  extent,  as  it  produces 
reds  with  alumina,  purples  and  blacks  with  iron 
mordants.  There  is,  however,  a  considerable 
difference  in  the  shade  of  colour  produced,  the 
reds  being  much  purer  and  less  blue  than  those 
of  alizarin,  whilst  the  purples  are  bluer  and  the 
b'acks  more  intense.  When  used  in  Turkey-red 
dyeing  it  produces  very  brilliant  colours  of  a 
scarlet  shade,  which  are  of  remarkable  per- 
manence. 

Literature  — Vexk'm,  25,  C59 ;  26,  425;  29, 
851  ;  Caro  (B.  9,  082)  ;  Scliunck  and  Soemer 
(B.  9,  679  ;  10,  972,  1823  ;  13,  42)  ;  Rosenstiehl 
(Bl.  29,  405)  ;  Auerbach  (J.  1S74,  488). 

Furpurin 

CJI^<^|]>C,H(OH),  (OH  :  OH  :  OH  =  1  :  2  :  4). 

Purpurin  occurs  along  with  alizarin  in 
madder,  probably  as  glucoside.  In  order  to 
separate  it  from  alizarin,  the  mixture  of  the  two 
substances  is  repeatedly  recrystallised  from  a 
hot  solution  of  alum,  in  which  purpurin  is  more 
soluble  than  alizarin,  or  the  mixture  is  dissolved 
in  caustic  soda  and  the  solution  saturated  with 
carbonic  acid.  This  precipitates  the  alizarin, 
but  not  the  purpurin. 

Purpurin  crystallises  from  dilute  alcohol  in 
long  orange-coloured  needles  which  contain 
1  mol.  H^O.  The  pure  substance  begins  to 
sublime  at  150  \  and  melts  at  253°.  It  is 
slightly  soluble  in  water,  forming  a  deep  yellow 
solution  ;  in  alkalis  it  dissolves  with  a  purple- 
red  colour ;  in  alkaline  carbonates  with  a  red 
colour.  The  solution  in  alkalis  shows  two 
marked  absorption  bands  in  the  green.  Purpurin 
also  dissolves  readily  in  ether,  carbon  bisulphide, 
benzene,  and  acetic  acid  ;  these  solutions  give 
two  absorption  bands,  one  at  f  and  the  other 
near  e  ;  the  solution  in  sulphuric  acid  shows 
another  line  in  the  yellow.  Under  the  influence 
of  reducnig  agents  purpurin  is  converted  into 
purpuroxanthin  CnHgO^  ;  when  boiled  with 
acetic  anhydride  it  yields  a  triacetate, 

C,,H,(C,H,0),0,, 
which  crystallises  in  yellow  needles,  melting  at 
192 -'-193°. 

Aijueous  ammonia  at  150"  converts  purpurin 
into  purpurinamide, 

C^H,</^[^>C,H(NH,)(OII),  (OH  :  OH  :  NH, 
=  1:3:4), 

which,  when  boiled  with  ethyl  n-trite,  yields 

*i  •     r.  XT  /-C0\„  „  OH  (1) 
purpuroxanthin,  C^H,<^^yP>C^H^Qjj-  jgj. 

Purpurin  dyes  fabrics  much  in  the  same  way 
as  alizarin  and  anthrapurpurin,  there  being, 
however,  a  dift'erence  in  the  shades.  The  reds 
produced  by  purpurin  are  much  yelloiver,  aid 


tl:e  browns  (with  chrome  mordant)  much  mcro 
intense  than  are  -produced  either  by  alizarin  or 
anthrapurpurin. 

The  following  figure  shows  the  absorpt'on 
spectrum  of  a  solution  of  purpurin  in  alumin.um 
sulphate : — 

AaBC  Ci  Ef,         F  G 


Fla vopurp"  rin  0H.C„Il3<^0>C„H  .jj^gj. 

Flavopurpurin  occurs  in  commercial  artificial 
alizarin,  but  is  with  diUiculty  isolated  from  this 
product,  owing  to  the  fact  that  its  chemical 
properties  agree  so  closely  witli  those  of  anthra- 
purpurin, which  is  also  nearly  always  present 
in  artificial  alizarin,  that  it  can  only  with 
difficulty  be  separated  from  this  substance. 

It  is  prepared  by  fusing  i8-anthraquinono- 
disulphonic  acid  or  anthratlavic  acid  with  potash. 

Flavopurpurin  crystallises  from  alcoliol  in 
anhydrous  yellow  needles,  sparingly  soluble  ia 
water,  but  readily  soluble  in  cold  alcohol.  Its 
melting-point  lies  above  330°. 

It  dissolves  in  caustic  alkalis  with  a  purp''e 
colour  ;  the  solution  shows  two  absorption  bands, 
one  in  the  blue  and  the  other  near  the  red,  but 
a  little  further  removed  than  the  alizarin  band. 

Flavopurpurin  dyes  mordanted  fabrics  simi- 
larly to  alizarin,  there  being,  however,  a  slight 
difference  in  the  shades  produced.  The  red 
shade  is  somewhat  duller  and  yellower ;  the 
brown  shade  is  also  yellower.  Flavopurpurin 
dyes  wool  mordanted  with  tin  crystals  and 
cream  of  tartar  a  bright  yellowish  orange. 

When  heated  with  acetic  anhydride,  flavo- 
purpurin yields  a  triacetate  C,,il  (C.Jl.jO)  .0.,, 
which  crystallises  from  alcohol  in  golden-yellow 
pl.Qtes  melting  at  238°. 

Jjitcratitre. —  Caro  (B.  9,  682)  ;  Schunck  and 
Roemer  (B.  9,  679  ;  10,  1823  ;  13,  42). 
Anthragallol 

c,H,</^J?|>c„H(on),.  (OH  :  on  :  on 

=  1:23). 

Anthragallol  is  formed  when  a  mixture  of  1  pirt 
of  gallic  acid,  2  parts  of  benzoic  acid,  and  20 
pans  of  sulphuric  acid  are  heated  to  125  for 
eight  hours  : 

C^H  O,  -t-  C,H,0,,  =  C,  ,11,0.,  -^  211,0. 

G.I,  lie      Bt'iizciic  Aiitlir;i- 
acid         afiil  gn.'  ol 

The  product  is  poured  into  water,  well  washed, 
and  recrystallised  from  alcohol. 

Anthragallol  crystallises  in  yellow  needles, 
which,  when  heated  to  290°,  sublime  without 
melting.    It  is  sparingly  soluble  in  water,  chlo- 
roform, or  carbon  bisulphide  ;  readily  soluble  in 
alcohol,  ether,  and  glacial  acetic  acid.    It  dis- 
solves in  alkalis,  forming  a  green  solution.  Its 
triacetate,  C, ,H-,(C.H,0)30„  melts  at  171°-173°.. 
Litmifiir,'.    Reuberlich  (B.  10,  39). 
H ,  droxyanihi  ai  udu  Hjjdrn.rijchri/saziii 
C||H,05.    Formed  by  fusing  ehrysazin,  anthra- 
rufin,  p-  or  x-'iiiflii"a'luinonedisulphonic  acids 
vv'ith  potash.    It  crystallises  in  small  red  needles, 
which  are  sparingly  soluble  in  alcohol.  When 
I  strongly  heated  it  sublimes  in  red  needles.  It 
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dissolves  in  potash,  forming  a  violet  solution, 
and  shows  in  its  reactions  great  similarity  to 
purpurin.  It  differs  from  this  substance  in  the 
fact  that  its  solution  in  alum  gives  no  absorption 
sp3Ctrum.  The  triacetate  of  hydroxyanthraruiin 
melts  at  192°-193°. 

Literatnre.—'Lieherma.nn  (A.  183,  191)  ; 
Schunck  and  Eoemer  (B.  11,  1179)  ;  Liebermann 
and  Boeck  (B.  11,  1617) ;  Liebermann  and 
Dehnst  (B.  12,  1289). 

Crallein 

/C„H,(OH)  .  /CJI, 

C^H,„0,  =  0,<      ■       >0>C<    \  • 
\C,H,(OH)  -/     \0— CO 

Gallein  is  formed  by  heating  pyrogallol  with 
phthalic  anhydride. 

Preparation. — A  mixture  of  1  part  of  phthalic 
anhydride  and  2  parts  of  pyrogallol  are  heated 
to  190°-200°,  the  melt  dissolved  in  alcohol,  and 
the  colouring  matter  precipitated  by  the  addi- 
tion of  water.  The  crude  gallein  thus  obtained 
is  dissolved  in  alcohol,  reprecipitated  with  water, 
and,  after  repeating  this  operation  a  few  times, 
converted  into  the  acetate  by  heating  with 
acetic  anhydride.  This  is  recrystallised  several 
times,  and  decomposed  with  potash. 

Gallein  crystallises  from  alcohol  in  small 
greenish  crystals.  It  is  insoluble  in  chloroform 
and  benzene,  sparingly  soluble  in  water  and 
ether,  readily  soluble  in  alcohol,  forming  a  dark- 
red  solution.  It  dissolves  in  cold  concentrated 
sulphuric  acid  without  change  ;  on  warming  the 
solution  crerulein  is  formed. 

Gallein  dissolves  in  small  quantities  of  potash 
or  soda  with  a  red  colour ;  excess  of  alkali  produces 
a  blue  solution.  Heated  with  acetic  anhydride  to 
ir)0°  gallein  yields  a  tetracetate  of  hydrogallein. 

Gallein  (often  called  anthracene  violet)  is 
sold  in  the  form  of  a  reddish-brown  powder,  or 
a  10  p.c.  paste ;  not  very  soluble  in  cold  water, 
but  readily  so  in  hot.  With  all  the  usual  aliza- 
rin mordants  gallein  produces  purple  colours, 
which  are  fast  to  light  and  soap  ;  those  obtained 
by  the  use  of  chromium  and  iron  are  blui"h,  those 
with  tin  reddish,  those  with  alumiiiium  inter- 
mediate in  tone. 

Literature. — Baeyer  (B.  4,  457  and  6C3)  ; 
Buchka  (A.  209,  2G1). 

Coerule'in  |  ^  | 

C,.,HA  =  C„H/    \  No,  0(?) 

\CO.C„H(OH)/  / 

C(Brulein  is  prepared  by  licating  1  part  of 
gallein  and  20  parts  of  sulphuric  acid  to  200°, 
and  precipitating  the  colouring  matter  by  adding 
a  large  quantity  of  water.  It  is  thus  obtained 
as  a  bluish-black  mass,  which,  when  rubbed, 
acquires  a  metallic  appearance.  It  is  almost  in- 
so'uble  in  water,  ether,  and  alcohol,  more  readily 
soluble  in  acetic  acid. 

It  dissolves  in  alkalis  with  a  green  colour,  in 
acids  with  an  olive-brown  colour.  With  bisul- 
phite of  soda  cojrulcin  forms  an  easily  soluble 
compound.  AVith  acetic  anhydride  it  forms  a 
triacetate.  Ccerulein  (anthracene  green)  is  sold 
in  two  forms,  either  as  a  bluish-black  paste 
containing  10-20  p.c.  cterulein,  or  as  a  black 
powder. 

The  former  is  insoluble  in  water,  the  latter, 
known  as  ccerulein   S,   is  soluble  in  water, 


and  is  indeed  a  bisulphite  compound  of  ca'ru- 
lein. 

Coerulein  is  mostly  employed  in  calico-print- 
ing for  producing  very  fast  olive-green  shades. 
Whatever  the  mordant  used,  only  different 
shades  of  olive-green  are  produced. 

Literature. — Baeyer  (B.  4,  556,  663). 

Manufacture  of  Alizakin. 

1.  Anthraquinone  process. — Anthracene,  the 
basis  of  alizarin,  is  obtained  entirely  from  the 
coal-tar  oils  boiling  above  300°,  the  so-called 
'  last  runnings '  of  the  tar  distiller.  These 
heavy  oils  are  redistilled  and  the  anthracene 
oils  collected  as  soon  as  the  distillate  on  cooling 
commences  to  solidify.  In  this  way  a  semi- 
solid greenish-looking  mass  is  obtained,  which, 
after  roughly  freeing  from  excess  of  oil  by  treat- 
i  ment  in  hydraulic  presses,  is  the  starting  point 
in  the  alizarin  factory.  This  crude  product  con- 
tains only  about  30-40  p.c.  anthracene,  the  re- 
mainder consisting  of  phenanthrene,  naphthal- 
ene, carbazol,  and  small  quantities  of  other 
hydrocarbons. 

The  first  operation  necessary  in  the  manu- 
facture of  alizarin  is  that  of  purifying  the  crude 
anthracene  obtained  from  the  tar  distillers,  in 
order  to  obtain  a  product  fit  for  the  subsequent 
oxidation  to  anthraquinone. 

This  process  of  purification  varies  consider- 
ably in  different  countries,  but  the  followin'j 
method  may  be  given  as  having  been  used  with 
much  success. 

The  crude  anthracene 's  first  ground  between 
edge-runners,  and  then  thoroughly  agitated  with 
boiling  petroleum  spirit  in  large  iron  vessels 
fitted  with  stirrers  and  heated  with  steam. 

About  1,500  to  1,800  lbs.  of  crude  anthracene 
and  300  gallons  of  petroleum  spirit  are  used  in 
one  operation,  the  amount  of  the  latter  varying 
slightly  according  to  the  quality  of  the  anthra- 
j  cene  employed.  After  boiling  for  an  hour  or 
'  two,  the  product  is  allowed  to  cool,  filtered 
through  coarse  canvas,  and  the  anthracene  on  the 
filter  washed  with  a  little  clean  petroleum  spirit, 
The  pasty  mass  thus  obtained  is  next  treated 
with  steam  to  I'emove  the  excess  of  petroleum 
spirit,  and  then  sublimed.  The  sublimation  pro- 
cess is  best  carried  out  by  melting  the  anthra- 
cene in  an  iron  pot,  called  the  '  subliming  pot,' 
and  then  blowing  in  superheated  steam.  This 
carries  the  anthracene  vapour  forward  through 
a  long  pipe,  where  it  meets  a  spray  of  water, 
which  serves  to  condense  both  it  and  the  steam. 
The  anthracene  is  thus  obtained  in  an  extremely 
finely  divided  state,  much  more  suitable  for 
oxidation  than  when  simply  gi-ound  under  edge- 
[  runners  as  it  used  to  be.  The  next  step  consists 
in  converting  the  anthracene  into  anthraquinone 
by  oxidation  with  bichromate  of  potash  (or  soda) 
and  sulphuric  acid — an  operation  which  is  usually 
done  in  the  following  way The  anthracene  is 
placed  in  lead-lined  tanks  with  about  twice  its 
j  weight  of  potassic  bichromate  (dissolved  in 
I  water),  the  requisite  amount  of  dilute  sulphuric 
acid  is  slowly  added,  and  the  mass  kept  well 
boiled  and  agitated  by  a  steam  jet  connected 
with  a  Korting's  injector. 

The  whole  is  then  transferred  to  settling 
tanks,  the  crude  yellowish-brown  anthraquinone 
well  washed  by  decautation  until  free  frt  m  green 
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chrome  liquors,  well  drainetl,  and  freed  from 
water  as  completely  as  possible  by  placing  it  in 
canvas  bags  and  exposing  it  to  great  pressure  in 
a  hydraulic  press.  The  amount  of  oxidiser  re- 
quired to  convert  the  crude  anthracene  into  an- 
thraquinone  is  of  course  regulated  by  the  purity 
of  the  sample  employed,  pure  anthracene  re- 
quiring about  I'GG  times  its  weight  of  potassium 
bichromate  to  convert  it  into  anthraquinone. 

Instead  of  potassium  bichromate,  the  sodium 
salt  is  now  very  often  used  on  account  of  its 
cheapness. 

The  anthraquinone  thus  obtained  is  still  very 
impure,  and  must  be  carefully  purified  before  it 
can  be  converted  into  sulphonic  acid.  In  purifying 
anthraquinone  two  methods  may  be  employed  : 

(1)  The  anthraquinone  is  sublimed,  and  then 
rccrystallised  from  high  boiling  coal-tar  naphtha. 

(2)  The  anthraquinone  is  treated  with  con- 
centrated STilphuric  acid. 

When  the  first  process  is  employed,  the  an- 
thraquinone is  melted  in  iron  pots  and  subjected 
to  the  action  of  super-heated  steam.  The  steam 
carries  the  vapour  of  the  anthraquinone  with  it, 
and  on  condensation  a  fine,  almost  impalpable, 
powder  is  obtained,  which,  when  dried  and  re- 
crystallised  from  high-boiling  coal-tar  naphtha, 
consists  of  nearly  pure  anthracjuinone. 

In  this  country  this  process  has  now  been 
almost  abandoned ;  method  (2)  having  entirely 
taken  its  place. 

The  working  of  this  method  is  based  on  the 
fact  that  crude  anthraquinone  when  treated  with 
sulphuric  acid  at  100°  dissolves,  but  is  not  acted  on. 
The  impurities,  however,  become  converted  into 
sulphonic  acids,  which,  being  easily  soluble,  can 
be  removed  by  treating  the  product  with  water, 
when  nearly  pure  anthraquinone  is  left  behind. 

In  carrying  out  this  operation  a  mixture  of 
1  part  of  crude  anthraquinone  and  3  parts  of 
s  ilphuric  acid  is  placed  in  large  circular  lead- 
lined  iron  pots,  and  heated  by  steam  for  twenty- 
four  hours,  the  whole  being  continuously  agitated 
by  a  stirrer. 

The  blackish-looking  product  is  then  run  into 
shallow  tanks,  and  exposed  to  the  action  of  damp 
air,  or  a  gentle  current  of  steam,  until  the  acid 
has  become  diluted.  In  a  short  time  antliraqui- 
none  separates  out  as  a  light-brown  ci"ystalline 
jjowder,  which,  after  washing  by  decantation,  ' 
pressing,  and  thoroughly  drying,  is  found  to 
contain  about  'J5  p.c.  of  pure  substance. 

The  anthraquinone  is  now  in  a  condition 
suitable  for  conversion  into  the  sulphonic  acid,  j 

This  operation,  which  consists  in  heating 
anthraquinone  with  fuming  suljihuric  acid,  is 
conducted  in  large  iron  pots  capable  of  holding 
from  30  to  40  gallons.  The  amount  of  fuming 
sulphuric  acid  employed  depends  on  the  nature 
of  the  sulphonic  acid  required.  In  preparing 
the  monosulphonic  acid,  1  part  of  fuming  acid 
(containing  40  50  p.c.  SOJ  and  1  to  1^  parts  of 
antliraquinone  are  used. 

The  mixture  is  gradually  heated  by  means  of  ; 
an  oil-bath  to  170",  or  even  to  l'J0°,  and  kept  at 
this  temperature  for  eight  or  ten  hours,  the 
stirrer  being  kept  constantly  in  motion. 

The  product,  which  contains,  besides  anthra- 
quinonemonosulphonic  acid,  a  little  disulphonic 
acid,  and  some  unacted-on  anthraquinone,  is 
diluted  with  water,  passed  through  a  filter-press 


to  remove  the  anthraijuinone,  and  neutralised 
with  caustic  soda. 

In  a  short  time  tlie  whole  becomes  quite 
thick  owing  to  the  separation  of  the  sparingly 
soluble  soda  salt  of  anthra(iuinonemonosul- 
phonic  acid,  the  easily  soluble  salts  of  the  di- 
sulphonic acids  remaining  in  sohition. 

The  crystalline  salt  is  collected  in  filter- 
presses,  washed  with  a  little  very  dilute  sul- 
phuric acid,  and  thus  obtained  practically  pure 
in  beautiful,  brilliant,  pearly  scales. 

In  preparing  the  disulphonic  acids  of  anthra- 
quinone, the  operation  is  similar  to  the  above,  the 
only  difference  being  that  more  fuming  sulphuric 
acid  is  used  and  the  sulphonation  conducted  at 
a  much  higher  temperature  (about  200°). 

The  next  operation  consists  in  the  conversion 
of  the  product  Just  described,  and  called  'soda 
salt,'  into  colouring  matter,  a  change  which  is 
accomplished  by  heating  it  strongly  with  caustic 
soda  and  a  little  potassium  chlorate. 

If  the  potassium  chlorate  is  not  added,  a 
considerable  loss  is  incurred  owing  to  the  re- 
ducing action  of  a  large  quantity  of  nascent 
hydrogen,  always  formed  during  the  fusion, 
which  converts  the  soda  salt  partially  into  an- 
thraquinone and  hydroanthraquinone.  The 
fusion  is  conducted  in  large  wrought-iron  cylin- 
ders fitted  with  stirrers  and  heated  with  hot  air. 
The  usual  charge  is  700  lbs.  caustic  soda  (70  p.c.) 
dissolved  in  water,  1,300  lbs.  of  a  concentrated 
solution  of  '  soda  salt,'  and  13  to  1.5  p.c.  of 
potassium  chlorate,  the  amount  of  this  latter 
substance  varying  slightly  with  the  nature  of 
the  salt  used,  the  monosulphonic  salt  requiring 
more  chlorate  than  the  disulphonic  salt. 

The  temperature  is  kept  up  to  aboat  180° 
for  at  least  twenty-four  hours  and  often  much 
longer,  the  progress  of  the  decomposition  being 
controlled  from  time  to  time  by  extracting  small 
quantities  of  the  melt  and  examining  tliem  in 
the  laboratory. 

The  product  thus  obtained  is  an  intense 
purple  fluid,  becoming  thick  on  cooling  and  con- 
taining the  colouring  matter  as  sodium  salt 
besides  sodium  sulphite  and  an  excess  of  caustic 
soda. 

To  separate  the  colour  the  melt  is  run  into 
large  wooden  tanks,  diluted  with  water,  and 
boiled  with  dilute  sulphuric  acid. 

This  causes  the  solution  to  become  orange  in 
colour  owing  to  the  precipitation  of  artificial 
alizarin. 

After  being  allowed  to  settle,  the  supernatant 
liquor  is  run  off,  the  alizarin  forced  into  filter 
presses  and  carefully  washed  until  free  from 
acid  and  saline  matter.  The  colouring  matter 
is  then  made  up  to  a  definite  strength  (10  p.c.  or 
20  p.c.  paste  as  required)  by  transferring  it  to 
large  wooden  tubs  fitted  with  powerful  stirrers, 
liiid  thoroughly  mixing  it  with  water. 

Pure  alizarin  thus  prepared  produces  a  blue 
shade  of  Turkey-red,  and  anthrajiurpurin  (pro- 
duced by  fusing  sodium  anthraquinonedisulpho- 
nate  with  caustic  soda)  a  red  shade,  so  that  by 
varying  the  amounts  of  these  two  conftituents 
any  intermediate  shade  required  by  tlie  market 
can  be  obtained. 

2.  Dichloranihraccnc  process.  —  In  manu- 
facturing alizarin  by  this  process  it  is  necessary, 
in  the  first  place,  to  purify  the  anthracene  used 
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much  more  thoi'ou,i;hly  tlian  is  the  case  in  the 
aiithiaquinone  piocess. 

For  this  purpose  the  anthracene  after  washing 
with  petroleum  spirit,  as  described  in  the  last 
process,  is  submitted  to  distillation  with  potash. 
This  removes  the  carbazol  and  the  phenolic  sub- 
stances present  in  the  crude  anthracene,  and  as, 
besides  this,  a  considerable  quantity  of  the  other 
impurities  are  charred  during  the  distillation, 
the  anthracene  resulting,  although  still  very  im- 
pure, is  found  to  be  greatly  improved  in  quality. 

In  carrying  out  this  operation  100  parts  of 
washed  anthracene,  30  pavts  of  potash,  and  6 
parts  of  powdered  lime  are  thoroughly  ground 
together  under  edge-runners,  the  mixture  intro- 
duced into  iron  retorts  and  distilled.  The  dis- 
tillate, which  consists  of  pale-yellow  cakes  con- 
taining about  50  p.c.  of  pure  anthracene,  is  now 
sufficiently  pure  for  conversion  into  dichlor- 
anthracene. 

In  chlorinating  anthracene,  leaden  chambers 
are  used,  technically  known  as  '  ch'orhre  ovens.' 
These  are  10  ft.  long,  -i  ft.  G  in.  wide,  and  1  ft.  6  in. 
deep,  and  are  used  in  pairs,  connected  at  one 
end  in  order  that  any  chlorine  escaping  from  the 
first  oven  may  come  in  contact  with  a  fresh 
amount  of  anthracene  and  thus  prevent  loss. 

400  lbs.  of  anthracene  are  put  into  each  oven, 
and  subjected  to  the  action  of  a  rapid  current  of 
chlorine  for  about  live  or  six  hours. 

The  anthracene  first  fuses  and  gets  dark  in 
colour,  hydrochloric  acid  being  evolved  in  abun- 
dance ;  but  after  a  time  this  fiuid  product  begins 
to  deposit  crystals  and  soon  becomes  a  semi- 
solid mass.  In  order  to  purify  this  crude  pro- 
duct, it  is  first  freed  from  hydrochloric  acid  by 
washing  with  dilute  caustic  soda,  and  then 
pressed  between  linen  cloths  in  a  hydraulic 
press,  by  which  means  a  considerable  quantity 
of  a  thick  dark  oily  product  technically  known 
as  '  chlorine  oils  '  is  got  rid  of. 

The  yellow  cakes  of  dichloranthracene  thus 
obtained  are  still  not  pure  enough  for  use,  they 
must  next  be  soaked  in  coal-tar  naphtha  for 
some  time  and  pressed,  this  operation  being  re- 
peated until  a  product  is  obtained  which  con- 
tains 84  p.c.  of  pure  substance. 

The  next  process  consists  in  canverting  the 
dichloranthracene  into  the  sulpho-  acids  of 
anthraquinone  by  treating  it  with  ordinary  con- 
centrated sulphuric  acid.  This  decomposition 
is  accomplished  in  iron  pots  capable  of  holding 
about  30  gallons  and  fitted  with  iron  covers  in 
which  there  is  an  opening  for  the  escape  of  the 
acid  vapours  formed  during  the  reaction. 

These  pots  are  charged  with  3.50  lbs.  of  con- 
centrated sulphuric  acid  and  heated  to  140°^  1(50° 
by  means  of  an  ordinary  fire,  the  dichloran- 
thracene (70  lbs.)  being  shovelled  in  in  small 
quantities  at  a  time.  After  all  the  dichloran- 
tln-acene  has  been  added  and  the  frothing  due 
to  the  evolution  of  the  hydrochloric  and  sul- 
phurous acids  produced  during  the  decomposition 
Las  subsided,  the  temperature  is  gradually  raised 
to  260°  and  then  maintaiuel  at  this  point  until 
a  sample  taken  out  on  a  glass  rod  and  diluted 
with  water  forms  a  nearly  clJ.ir  solution  devoid 
of  tiuoresceuce. 

The  product  contains  now  the  mono-  and 
disulphonic  acids  of  anthraquinone,  the  latter  of 
which  greatly  predominates. 


These  crude  sulphonic  acids  are  next  diluted 
with  water  in  a  large  wooden  tank  and  boilei 
with  slaked  lime  until  neutralised.  The  neutral 
product  is  then  forced  into  filter  presses  to  sepa- 
rate the  calcium  sulphate,  the  clear  filtrate  mixed 
with  the  washing  of  the  calcium  sulphate,  evapo- 
rated until  it  contains  about  15  p.c.  of  lime 
salts,  and  then  treated  with  sufficient  sodium 
carbonate  to  precipitate  all  the  lime  as  carbonate. 

The  solution  of  the  sodium  salts  of  the  sul- 
phonic ac  d ;  is  siphoned  from  the  precipitated 
calcium  carbonate,  concentrated  until  it  contains 
30  p.c.  of  soda  salts,  and  then  converted  into 
colouring  matter  by  fusion  with  caustic  soda,  as 
described  in  the  last  process.      W.  H.  P.  jun. 

ALIZARIN  BLUE  v.  Alizarin  and  allied 

COL  'UlilN'G  MATTEKS. 

ALIZARIN  ORANGE  v.  Alizarin  and  allied 

COL')UHIN(;  MATTKItS. 

ALKALI  ALBUMIII  v.  Albuminoids. 
ALKALI  BLUE.    Nicholson's  blue.  Sodium 
tripJioiijl-rosaniline  sulphonaie   v.  Teiphena'L 

METHANE  COLOURING  MATTERS. 

ALKALI  GREErf  or  VIRIDINE,  Sodium 
diphemjldiamido-triphenijl  car'oinol  sulphonate 
C,|H_,^N^SO-,Na,  a  colouring  matter  obtained  by 
iUeldola  in  1877  by  acting  on  diphenylamine 
with  benzyl  chloride,  oxidising  the  benzyl  di- 
phenylamine and  sulphonating  the  resulting 
product.  Dark-green  powder,  soluble  in  water; 
solution  gives  a  green  precipitate  with  HCl  ;  a 
brown  coloration  with  caustic  soda,  and  a  fuchsin- 
red  solution  with  H  SOj. 

ALKALIMETRY  v.  Acidimetjiy. 

ALKALI  WASTE  v.  Soda  manufacture. 

ALXANET.  Alkanna.  Auchusine.  This 
term  is  applied  to  two  different  plants,  viz. 
Lawsonia  inermis  (v.  Al-kenna)  and  Anchusa 
tinctoria.  The  latter,  or  False  alkanet,  is  also 
known  as  Otcanettc,  Fr. ;  Oi  kanct,  Ger. ;  Langue- 
doc  bugloss  or  Dyers'  bugloss.  Radix  alkannm 
spuria:  A  rough  plant  with  downy  spear-shaped 
leaves,  and  clusters  of  purplish  or  reddish  flowers, 
belongs  to  the  Boraginece.  Figured  in  Giradin's 
Chemie,  4,  277.  Found  in  Asia  Minor,  Greece, 
iHungary,  etc.  The  roots,  which  have  an  astrin- 
gent taste,  occur  in  commerce,  varying  from 
the  thickness  of  a  quill  to  that  of  a  finger. 
They  give  up  their  colouring  matter  to  oils, 
fats,  waxes,  spirits,  &c.,  by  simple  infusion. 
The  dye  may  be  isolated  by  extracting  with 
water,  drying,  and  digesting  the  residue  with 
alcohol;  the  extracts  are  concentrated,  shaken 
with  ether,  and  the  ethereal  extract  evaporated. 
Thus  obtained  anchusine  is  an  amorphous 
substance  of  a  deep-red  colour,  which  softens  at 
GO°C.,  dissolves  in  ether,  oil,  and  acetic  acid,  but 
is  only  slightly  soluble  in  water.  Its  composi  ion 
is  variously  given  as  C,,H,||0,  (Pelletier,  A.  6, 27), 
C,,H^O,  (Bolley  and  Wydlers,  A.  62,  41),  or 
C,^H,,04  (Carnelutti  and  Nasini,  B.  13,  1514). 

Used  by  druggists  and  perfumei  s  to  colour 
tinctures,  oils,  pomades ;  by  varnish  makers  to 
tint  their  varnishes  ;  by  statuaries  for  tinting 
marble ;  by  dairy  farmers  for  colouring  cheese ;  and 
by  wine  merchants  for  dyeing  corks  and  colouring 
artificial  wines.  Dyes  cottons,  mordanted  with 
iron,  grey;  with  aluminium,  lilac  violet;  but  the 
colours  are  not  fast  (Giradin's  Chemie,  4,  279). 

Its  absorption  spectrum  shows  three  bands 
dividing  the  spectrum  between  d  and  the  blue 
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strontium  line  intr>  four  0(iaal  parts.  On  addintc  ' 
ammonia  the  red  solution  turns  blue,  and  shows 
two  bands,  one  at  d,  the  other  in  the  red  two- 
thirds  of  the  way  towards  the  lithium  line 
(Ltupr6,  C.  J.  37,  572).  The  absorption  spectrum 
varies  slightly,  according  to  the  solvents  and 
salts  present. 

Bottger  (J.  pr.  107,  14(j)  and  Enz  (.J.  70,  935) 
recommend  the  use  of  papers  dyed  by  alkanet 
as  indicators  in  alkalimetry. 

According  to  .John  the  percentage  of  anchu- 
sine  in  tlie  root  is  6-50.  Thompson  (Ph.  [3]  10, 
800)  found  that  it  varies  from  5-50  to  G-02  p.c. 

For  the  detection  of  alkanet  in  wines  v. 
Hcrz  (Rep.  Anal.  Chem.  5,  210  ;  S.C.I.  5,  30). 

AL-KENNA.  The  powdered  roots  and  leaves 
of  the  LaiL'soiiid  inciiais  used  in  the  East  for 
dyeing  the  nails,  teeth,  hair,  and  garments. 
Used  in  Persia  mixed  with  lime  for  dyeing  the 
tails  of  horses. 

ALLEMONTITE.  A  native  alloy  of  arsenic 
and  antimony,  SbAs3,  found  at  Allemont  in  the 
Dauphine,  Prajbvam  in  Bohemia  ;  and  Andreas- 
berg  in  the  Hartz. 

ALLOCLASE.  A  mineral,  formerly  regarded 
as  colialt  glance,  crystallising  in  rhomliic  prisms. 
Hardness,  greater  than  1.  Sp.  gr.  =  6-6.  Tscher- 
mak  (W.A.B.  [3]  1,1;  J.  1856,  918)  gives  it  the 
formula  Co.AS|„S,j. 

Frenzel  (Min.  Petr.  Mitth.  [2]  5,  179  ;  J.  3  ), 
1S31)  has  analysed  six  specimens  from  the  Eliza- 
beth pit,  Oravicza,  with  the  following  results  : — 

Bi  Cii  Co  Fe  As          S  Au  iip.g': 

2i;  G3  U-IG  ll)-90  2-66  27-74  l.VCO  1  lU  G  23 

to  to  to  to  to         to  to  to 

32-27  0-15  24-20  3-80  32-G4  IS'lt  1-70  6-50 

ALLOMORPHITE.  A  mineral  from  Rudol- 
stadt,  consisting  mainly  of  barium  sulphate 
(Gerngross). 

ALLOYS.  Since  many  valuable  mechanical 
properties  are  conferred  upon  metals  by  associa- 
ting them  with  one  another,  it  seldom  happens 
that  when  metals  are  devoted  to  industrial  use 
they  are  used  in  a  state  of  purity,  and  this  fact 
was  discovered  at  a  very  early  period  of  metal- 
lurgical history.  In  all  probability  the  word 
'alloy'  originally  comes  from  the  Latin  afZ-Z/jo 
(allUio)  '  to  bind  to.' 

Tliroughout  the  whole  of  the  Middle  Ages 
there  seems  to  have  been  a  belief  that  the  action 
of  a  base  metal  on  a  precious  one  was,  on  the 
whole,  corrupting,  and  Biringuccio,  in  1540,  pro- 
bably gave  the  true  definition  of  alloys,  which 
were,  he  said,  nothing  but '  intimate  associations 
of  metals  with  one  another,'  and  he  pointed  out 
tliat  metals  must  be  '  mixed  by  weight  and  not 
at  random.'  In  early  times  some  metals  were 
used  unalloyed,  although  at  the  present  day  they 
have  no  industrial  application  except  in  union 
w  ith  other  metals.  Antimony,  for  instance,  now 
oiily  employed  as  a  constituent  of  certain  alloys, 
was  formerly  cast  and  fashioned  into  ornaments, 
as  is  proved  by  the  analysis  by  Virchow,  and  by 
a  fragment  of  a  Chaldean  vase,  which  when 
examined  by  Berthelot  was  found  to  be  of  pure 
antimony  (A.  Ch.  Sept.  1887,  p.  135).  The  im- 
plements and  ornaments  discovered  by  Schlie- 
mann  abundantly  show  that  the  early  Greeks 
were  familiar  with  alloys  of  silver  and  gold, 
copper  and  tin,  lead  and  silver,  and  many  others, 
all  artilicially  prepared. 


Without  attempting  to  give  the  history  of 
research  connected  with  alloys  it  may  be  men- 
tioned that  in  the  period  from  the  sixteenth  to 
the  eighteenth  centuries  there  were  four  writers 
whose  names  deserve  to  be  specially  remembered 
because  they  seem  to  have  been  the  first  to  indi- 
cate the  direction  in  which  modern  investigation 
has  been  conducted.  These  are  Eeauinur, 
Gellert,  Musschenbroek,  and  Achard,  who  re- 
spectively studied: — (1)  Reaumur— molecular 
change  produced  in  a  metal  by  heat ;  (2)  Gellert 
—  the  relation  of  fluid  metals  to  each  other  con- 
sidered as  solvents;  (3)  Musschenbroek — the 
cohesion  of  alloys  as  shown  by  certain  mechanical 
properties;  and  (4)  Achard  —  the  electrical  be- 
haviour of  metals  and  alloys. 

Reaumur  (L'Art  de  convcrtir  le  fer  forge  en 
acier,  Paris  1722,  p.  321),  in  explaining  the 
hardening  of  steel  by  rapid  cooling  from  an 
elevated  temperature,  comes  very  near  the 
modern  view  that  a  metal  may  assume  an  allo- 
troijic  state,  for  he  distinctly  contemplates  the 
possibility  of  molecular  change  produced  by  the 
expulsion  by  heat  of  '  sulphurs  and  salts  '  from 
the  molecules  into  interstitial  spaces  between 
them,  as  he  speaks  of  molecules  and  the  ele- 
mentary parts  of  molecules  like  a  modern  writer, 
and  tries  to  show  that  when  hot  steel  is  rapidly 
cooled,  'sulphurs  and  salts'  cannot  re-enter  the 
molecules,  but  remain  in  the  interstitial  spaces, 
and  therefore  the  physical  properties  of  hard 
steel  become  quite  different  from  those  of  the 
soft  metal.  That  this  analogy  between  carbur- 
ised  iron  and  alloys  is  not  overstrained  is  shown 
by  the  fact  that  in  18(i7  Matthiessen,  after  ap- 
pealing to  the  fact  that  in  certain  alloys  metals 
t  are  in  allotropic  states,  said  'I  have  always  made 
a  comparison  between  iron  and  steel  (and  alloys). 
This  has  been  done  to  show  that  the  carbon  iron 
alloys  behave  in  an  analogous  manner  to  other 
alloys  which  cannot  be  looked  upon  as  chemical 
combinations '  (Lecture  delivered  before  the 
Chemical  Society,  Journal,  1807,  p.  220).  Gellert 
makes  the  analogy  of  certain  alloys  to  solutions 
very  clear,  and  in  his  Metallurgic  Chemistry  ho 
gives  a  table  showing  the  relative  solubilities  of 
metals  in  each  other,  while  in  the  observations 
which  accompany  it  he  says  (English  translation 
of  his  work,  London,  170(5,  p.  186),  to  take  one 
instance  as  an  illustration,  '  Since  copper  and 
silver,  and  copper  and  gold,  dissolve  one  another 
very  readily,  the  copper  cannot  be  parted  from 
iron  by  means  o^  ;old  or  silver,'  as  cojiper  could 
be  parted  from  gold  by  the  addition  of  sulphur, 
and  he  further  clearly  shows  that  with  regard  to 
the  solution  of  metals  in  a  triple  alloy  he 
understood  the  posiibility  of  the  division  of  a 
metal  between  two  other  metals  acting  as 
solvents. 

Musschenbroek,  who  worked  in  the  first  part 
of  the  eighteenth  century,  made  some  very  early 
experiments  on  the  tensile  strength  of  metals 
and  alloys.  He  writes  of  the  '  absolute  cohesion 
by  which  a  body  resists  fracture  when  acted  upon 
by  a  force  drawing  according  to  its  length  ' 
(Elements  of  Philosophy,  translated  by  John 
Colson,  E.R.S.,  1744,  vol.  1,  p.  237).  He  gives 
the  tenacity  of  several  metals,  and  of  the  alloys 
brass  and  pewter. 

Achard,  whose  results  were  published  in 
17S4,  made  a  very  extended  series  of  cxpcri- 
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iiients  on  multiple  alloys  as  well  as  on  those  of 
simple  metals.  He  pointed  out  that  the  relative 
conductivities  of  substances  for  heat  and  for 
electricity  are  exactly  related.  He  devised  an 
appliance  for  the  experimental  verification  of 
this  fact,  and  as  he  included  alloys  in  his  inves- 
tigations it  may  fairly  be  claimed  that  he  led 
the  way  for  the  important  generalisation  made 
by  Wiedemann  and  Franz  in  1858,  that  in  alloys 
the  order  of  conductivity  for  heat  and  for  elec- 
tricity is  the  same. 

The  importance  of  metals  being  -pure  when 
added  to  each  other  was  hardly  recognised  until 
the  eighteenth  century,  and  Duhamel,  who  con- 
tributed the  article  on  Alloys  to  the  Encyclopedie 
Methodique  in  1792,  appears  to  have  been  the 
first  writer  to  insist  on  the  necessity  for  making 
exact  experiments  upon  alloys  with  metals  which 
possess  a  high  degree  of  purity,  and  on  effecting 
their  union  by  heat  in  closed  vessels.  He  added 
that  up  to  his  time  no  chemist  had  taken  these 
precautions,  and  it  is  certain  that  in  conducting 
some  modern  experiments  they  have  been 
neglected. 

The  early  researches,  properly  so  called,  on 
alloys  were  directed  to  ascertaining  the  effect  on 
the  specific  gravity  of  metals  produced  by  alloy- 
ing them,  and  to  determining  the  effects  of 
slowly  cooling  alloys  possessing  low  melting- 
points.  The  work  of  Ermann  (P.  9,  557)  in 
1827,  and  of  Kudberg  (P.  18,  240),  was  of 
such  a  nature.  Ermann  called  attention  to 
certain  anomalies  in  solid  alloys,  Eudberg  to 
anomalies  in  alloys  when  in  the  liquid  state. 

Kegnault  showed  that  the  specific  heats  of 
alloys  are  greater  near  100°  than  the  mean 
specific  heat  of  their  constituents,  and  this  fact 
appears  to  have  induced  Person  to  undertake 
researches  on  the  latent  heats  of  alloys  and  on 
their  specific  heats.  Undoubtedly  one  of  the 
greatest  works  on  alloys  of  the  present  century 
was  that  of  Matthiessen  (Tr.  18(50,  85,  &c.)  who 
investigated  the  electrical  resistance  of  metals 
and  alloys,  and  who  was  led  to  the  conclusion 
that  the  electrical  conductivity  of  the  alloys  of 
any  two  metals  may  be  represented  by  one  or 
other  of  three  typical  curves  : —U-shaped,  as  in 
the  case  of  gold-silver  alloys  ;  L-shaped,  as  in 
the  case  of  the  copper-tin  series  ;  and  nearly  a 
straight  line,  as  in  the  case  of  the  lead-tin  alloys. 
Not  the  least  important  conclusion  arrived  at  by 
Matthiessen  was  that,  in  certain  alloys,  the  con- 
stituent metals  exist  in  allotropic  forms.  With 
regard  to  the  influence  of  the  passage  of  an 
electric  current  through  molioi  aUoi/s  the  evi- 
dence is  so  far  of  an  uncertain  nature.  Obach 
(P.  Sup.  7  (187G),  280)  in  examining  this  ques- 
tion did  not  confirm  Gerardin's  statement 
(C.  E.  43,  727)  that  liquid  amalgams  and  alloys 
undergo  electrolytic  decomposition  on  the  pas- 
sage through  them  of  an  electric  current;  and 
Eoberts-Austen  failed  to  produce  any  change  in 
fused  lead-gold  or  lead-silver  alloys  by  passing 
through  them  a  current  of  300  amperes  from 
secondary  batteries  (B.  A.  1887,  341).  The  experi- 
ments seem  to  show  that  the  passage  of  a  strong 
current  through  a  fused  alloy  does  not  effect  any 
change  in  its  composition,  and  the  question  now 
arises  :  Is  there  a  group  of  bodies  between  true 
alloys  and  true  electrolytes  in  which  some 
gradual  change  from  metallic  to  electrolytic  con- 


duction can  be  proved  to  occur  ?  That  this  may 
possibly  be  the  case  is  incidentally  supported 
by  the  evidence  afforded  by  Hittorff  (P.  1851, 
84,  14),  who  shows  that  while  the  sulphides  of 
silver  and  copper  (Cu^S  j)  conduct  metallically  at 
ordinary  temperatures,  they  suffer  electrolytic  de- 
composition when  the  temperature  is  somewhat 
increased. 

Properties  of  Alloys.  Liquation.  -  -'When  a 
fused  alloy  separates  on  cooling  into  two  or 
more  alloys  of  dift'erenfr  density,  or  of  different 
fusibility,  or  when  from  a  solid  alloy  one  or 
more  of  the  constituents,  possessing  a  lower 
melting-point  than  that  of  the  remainder,  is 
separated  by  the  aid  of  heat,  this  phenomenon  is 
termed  liquation.  It  is  of  considerable  metal- 
lurgical importance,  being  used  for  the  purifica- 
tion of  impure  metals.  Of  the  <.opper-tin  alloys, 
those  possessing  the  compositions  represented 
by  the  formuhe  Cu,)Sn,  Ca,Sn,  and  Cu,,Sn^  are 
stated  to  show  no  tendency  to  liquation.  The 
coppcr-zinc  alloys  either  do  not  liquate  at  all  or 
only  to  a  very  slight  extent.  The  copper-lead 
alloys  liquate  to  such  an  extent  that  the  two 
metals  may  be  almost  complete  y  separated  from 
each  other.  Of  the  silver-cop>pcr  alloys,  only 
that  with  71'9  p.c.  of  silver  is  homogeneous. 
The  iin-zinc  and  the  lead-silver  alloys  show  a 
great  tendency  to  liquation. 

Density. — The  specific  gravity  of  an  alloy  is 
rarely  the  same  as  the  mean  of  those  of  its  consti- 
tuents ;  it  is  usually  either  more  or  less  than  that 
calculated  from  the  percentage  composition.  In 
the  case  of  the  coppcr-tiii  alloys,  the  specific 
gravity  decreases  with  the  increase  in  the  per- 
centage of  tin,  until  this  reaches  28  p.c.  ;  when 
the  percentage  exceeds  this,  the  specific  gravity 
is  greater  than  the  calculated  mean  until  the 
alloy  containing  38'3  p.c.  of  tin  — SnCu, — is 
reached,  the  specific  gravity  of  this  alloy  ex- 
ceeding that  of  copper  itself.  Beyond  this  point 
the  specific  gravity  diminishes  again.  In  the 
copper-zinc  alloys  a  considerable  increase  of 
density  is  observed  in  those  containing  from 
40  80  p.c.  of  zinc.  The  whole  of  the  cojjper- 
silver  alloys  show  a  lower  actual  specific  gravity 
than  that  found  by  calculation.  The  specific 
gravity  of  the  alloys  of  the  copper-gold  series 
varies  irregularly  ;  usually  it  is  almost  identical 
with  that  calculated.  All  the  lead-gold  alloys 
show  increased  sijecific  gravities ;  the  specific 
gravities  of  the  lead-silver  alloys  are  less  than 
the  calculated  ones,  until  starting  from  lead  with 
a  trace  of  silver  the  alloy  with  11-5  p.c.  of  silver 
is  reached ;  beyond  this  point  the  difference 
diminishes,  and  those  alloys  with  more  than 
34  p.c.  of  silver  show  increased  specific  gravities. 
The  specific  gravities  of  the  alloys  of  antiniony- 
hismuth,  and  of  tin-cadmium  containing  less 
than  75  p.c.  of  tin,  are  almost  identical  wita 
those  found  by  calculation. 

Tenacity. — By  alloying  metals  together,  their 
tenacity  is  sometimes  increased  and  sometimes 
diminished  ;  usually,  however,  it  is  increased. 

Hardness. — This  is  almost  always  increased. 

Extensibility. — Almost  always  diminished. 

Fusibility.  — The  melting-point  of  an. alloy  is 
usually  less  than  the  arithmetical  mean  of  the 
melting-points  of  the  alloyed  metals. 

Expansion  by  heat. — The  coefficients  of  ex- 
pansion of  alloys  frequently  differ  considerably 
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fi'om  that  found  by  ca^.culation  ;  this  variation 
is,  liowever,  irreRulav. 

Colour. — The  aUoys  showing  the  greatest 
variation  of  tint  are  those  of  copi^er  and  of  gokl. 
Tlie  only  alloy  possessing  a  violet  colour  is  the 
'  llegulus  of  VenLis,'  Cu^Sb. 

Among  the  more  important  recent  researches 
in  connection  with  alloys,  those  of  W.  Spring 
deserve  special  mention,  as  he  has  thrown  much 
light  on  their  molecular  constitution  by  proving 
t  lat  they  can  be  built  up  from  the  powders  of 
the  constituent  metals  by  simple  pressure  (Bull. 
Acad.  Koy.  Belg.  [2]  45,  No.  6,  1878;  49, 
No.  5, 1880,  &c.).  Hallock  (Z.  P.  C.  2,  378)  finds 
that  alloys  may  be  formed  from  their  compo- 
nents without  extra  pressure  provided  the  tem- 
p  rature  be  above  the  melting-point  of  the  alloy 
itself.  In  a  more  recent  research  on  the  lead- 
tin  alloys  (Bull.  Acad.  Roy.  Belg.  [3]  11,  188G, 
No.  5)  Spring,  from  thermal  considerations, 
comes  to  the  same  opinion  as  that  of  Matthiessen 
concerning  the  possibility  of  alloyed  metals 
assuming  allotropx  forms. 

The  industrial  importance  of  the  influence 
exerted  by  small  quantities  of  metallic  and  other 
impurities  on  masses  of  metal  in  which  they 
are  hidden  is  now  becoming  fully  recognised. 
With  regard  to  gold  some  resjarclies  made  by 
Hatchett  (P.  T.  1S03)  have  recently  been  re- 
peated by  lioberts-Au.-^ten  (P.T.  17!),  1K88,  A. 330), 
who  by  determining  the  influence  of  impurities 
on  t!ie  tenacity  and  extensibility  of  gold  comes 
to  the  conclusion  that  their  action  is  controlled 
by  the  periodic  law.  He  shows  that  an  element 
with  a  larger  atomic  volume  than  gold  gi'eatly 
diminishes  both  its  tenacity  and  its  extensibility, 
wiiilst  an  element  with  a  smaller  atomic  volume 
tends  to  improve  these  qualities. 

'  Alloys  used  for  coinage '  have  been  very 
fully  dealt  with  by  the  Chemist  of  the  Mint  in 
the  Journal  of  the  Society  of  Arts,  1884,  and  a 
comprehensive  bibliography  of  alloys  is  given  in 
Ledebur's  Metallvcrarbeitung,  Brunswick,  1882. 

W.  C.  E.-A. 

ALMAGRERITE.  Native  anhydrous  zinc 
sulphate,  found  in  crystals  belonging  to  the 
rbiimbic  system  at  Barranca  Jarosa  Mine, 
Sierra  Aliiuigrera,  S.  Spain  (Breithaupt). 

AlMASCA.  a  soft  grey  resin  soluble  in 
chloroform,  ether  and  absolute  alcohol.  Pro- 
bably derived  from  Idea  heptapliijUa  (Symcs, 
Ph.  ;3]  13,  213). 

ALMIEAO.  Indian  name  for  Mkrorhj melius 
sai  uK  iitosiis  used  at  Goa  as  a  substitute  for 
taraxacum  (Dymock,  Ph.  [3]  0,  730). 

ALOE.  A  genus  of  succulent  plants,  having 
stiff,  pointed,  tieshy  leaves,  belonging  to  the 
Liliacoie.  (Plants  figured,  and  structure  of 
leaves  described,  Pennetier,  5G0,  679.)  They 
are  natives  of  the  tropics.  (For  a  list  of  the 
species  and  their  distribution,  v.  Ph.  [3]  11,  74(5.) 

The  fibre  is  used  for  rope,  &c. ;  experiments 
made  in  Paris  have  shown  it  to  be  five  tlmei,  as 
strong  as  hemp.  The  fibre  has  also  been  used 
for  paper-making  (Nat.  20,  484). 

ALOE  KEalN.  Sc'parates  from  solutions  of 
aloes  in  boiling  water ;  according  to  Kossmann, 
has  the  same  composition  as  aloin.  On  treat- 
nient  with  sulphuric  acid  it  gives  glucose, 
aloeresinic  acid  0|-,H|„0„,  and  aloeretinic 
acid  C|,H|,0,  (Kossmann".!.' Ph.  [31  40,  177). 


ALOES  or  BITTER  ALOES.  AJoi's,  Fx.- 
Aloe,  Ger.  The  inspissated  juice  or  extract  of 
the  aloe.  The  principal  varieties  found  in  the 
market  are :  — 

1.  Burhadoes  Aloes  (aloes  in  gourds).  The 
juice  of  A.  vulgaris  and  A.  siuuata  growing  in 
Barbadoes,  Jamaica,  and  St.  Helena.  It  is 
opaque,  lustreless,  and  of  a  brown  colour,  with 
a  bitter  nauseous  taste  and  very  disagreeable 
odour;  it  gives  a  powder  of  a  dull-yellow  colour. 

2.  Cape  Aloes  {Aloe  cajtensis,  A.  liicida), 
obtained  from  A.  spicaia,  A.  africana,  A.  fero.v, 
and  other  Cape  species.  Its  odour  is  stronger 
and  more  disagreeable  than  that  of  Barbadoes 
aloes  ;  it  is  of  a  deep  greenish-brown  colour,  is 
resinous  and  shining,  and  its  powder  is  of  a 
greenish-yellow  colour,  and  is  almost  completely 

i  soluble  in  boiling  water. 

I  3.  Hepatic  Aloes.  Imported  from  Bombay 
and  Madras.  It  is  probably  the  juice  of  the 
Socotrine  aloe  solidified  without  the  aid  of  aiti- 
licial  heat  (Pereira,  Ph.  [3]  11)  ;  it  is  of  an  opacjue 
liver  colour,  its  powder  contains  much  matter 
insoluble  in  weak  alcohol. 

4.  Socotrine  Aloes.  The  juice  of  A.  Perri/i 
(Baker)  imported  from  Bombay  and  Madras.  It 
is  of  a  garnet-red  to  golden-red  colour,  is  aro- 
matic, and  has  an  intensely  bitter  taste ;  its 
powder  is  of  a  bright  gohlca  yellow  colour 
(Cooley,  1). 
I       5.  Zanzibar  Aloes  from  Zanzibar. 

By  extracting  aloes  with  water  the  purgative 
principles,  a  loins,  can  be  obtained.  Shensloue 
(Ph.  [3J  13,  4(jl  ;  C.  J.  [2]  44,  80)  divides  them 
into  two  classes:  — 

1.  Natalrj'ins,  which  only  yield  picric  and 
oxalic  acids  with  nitric  acid,  and  which  are  not 
reddened  by  it,  even  on  heating  (Fliickiger, 
■  Ar.  Ph.  [2]  149,  11  ;  Tilden,  C.  J.  [2]  10,  15.3). 
I  2.  Barbalo'ins,  which  yield  aloetic  acid 
C  H^N.^Oj,  chrysammic  acid  C.H^N^O,,,  picric 
and  oxalic  acids,  and  are  reddened  by  nitric  acid. 

a- Barbalo'ins  from  Barbadoes  aloes  reddened 
in  the  cold  by  strong  nitric  acid  (Tilden,  Ph.  [3J 
2,  845  ;  C.  J.' [2]  10,  488). 

^-Barbalo'ins  from  Socotrine,  Zanzibar, 
and  Jafferabad  aloes,  coloured  only  on  heating 
with  ordinary,  and  in  the  cold  with  fuming, 
nitric  acid  (Fiiickiger,  I.e. ;  Tilden,  C.  J.  [2^  28, 
270;  Ph.  [3]  4,  208). 

Nataloin,  2C|-H|„0,  +  H_,0,  was  discovered 
in  1850  by  Groves.  It  crystallises  in  bright- 
yellow  scales,  melts  at  212 '0.- 222°C.,  and  is 
soluble  in  water,  benzene,  carbon  disulphide, 
chloroform,  and  ether.  It  is  soluble  in  concen- 
trated sulphuric  acid,  the  addition  of  a  crystal 
of  potassium  nitrate  producing  a  characteristic 
bright-green  colouration  passing  rapidly  from  re  1 
to  blue.  Chromic  acid  oxidises  it  to  carbon 
dioxide,  acetic  acid,  and  probably  quinone 
(Tilden,  Ph.  [3]  8,  231  ;  C.  J.  [2J  32,  204,  903). 

Barbaloin,  C|-H|„0;,  was  isolated  by  Smith 
(Chem.  Gaz.  1851,  107)  and  analysed  by  Sten- 
house.  It  crystallises  in  yellow  prismatic 
needles,  which,  on  fusion  with  caustic  potash, 
yield  orcin,  .  ^.)- hydroxy  benzoic,  and  alorcinic 
acids  (Hlasiwetz,  A.  134,  237  ;  13G,  31).  Bar- 
baloin and  socaloin,  on  oxidation  with  chromic 
acid,  break  up  into  carbon  dioxide,  acetic  acid 
and  alloxanthin,  C, ,H,,(Me)(OH) ,0.,  (Tilden,  Ph. 
j  [3]  8,  231  ;  C.  J.  [2]  32,  204,  903).  " 
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Schmidt  (C.  J.  1876,  2,  641 ;  Ar.  Ph.  [3]  6,  j 
496-50'.))  obtained  a  body  to  which  be  assigned 
the  fornmia  C|,^H,,jO,  by  extracting  Baibadoes 
aloes  with  dilute  sulphuric  acid.  Zanzaloin, 
C,,bl,^0|.,  I-  bUX),  discovered  in  1871,  crystallises 
in  tufts  of  yellow  needles. 

By  the  action  of  sulphuric  acid  upon  aloin,  I 
glucose  and  rottlerin  are  formed,  according  to  | 
Czampelik  (J.  1861,  743),  Kochleder  {tb.  51)8)  ; 
glucose,  aloiiresic  acid  C,„H|;.0,,,  aloeretin 
U,||H,„0|„  and  aloeretic  C-,,,H||6,-,  according  to 
Kossmann  (Bl.  Chem.  63,  ,380),  whilst  Hlasiwetz 
states  that  2)-coumaric  acid  is  formed  (A.  134, 
287  ;  136,  31) ;  p-coumaric  acid  was  also  ob- 
tained by  Eochleder  and  Czunipelik  (J.  pr.  84, 
4311)  by  boiling  aloin  with  a  solution  of  caustic 
potash. 

By  distilling,  a  yellowish  oil,  sp.gr.  0-877, 
boiling-point  130°C.,  was  obtained  by  llobiquet  J 
(J.  Ph.  [3]  10,  167,  241),  which  Kembold  (A. 
138,  185)  regards  as  a  mixture  of  xylyl  alcohol, 
acetone,  and  hydrocarbons. 

Graebe  and  Liebermann  (Z.  [2]  4,  503)  ob- 
tained anthracene  by  distilling  aloin  with  zinc- 
dust. 

Uses. — Chiefly  in  medicine  and  as  a  hop- 
substitute.  It  has  also  been  used  as  a  source  of 
certain  dyeing  materials  (Ure,  1,  104  ;  Preston, 
C.  C.  1876,  390;  C.  J.  [2]  32,  378).  Kayser 
(Chem.  Tech.  Kepert.  1876-80)  finds  aloe  colouring 
matters  make  the  aniline  djes, e.g.  fuchsin,  faster. 

Properties  and  lieactions.  —  Pure  aloes  is 
soluble  in  ether  and  almost  completely  soluble 
in  water,  the  solution  being  coloured  dark-brown 
by  alkalis,  black  by  ferric  chloride,  and  grey  by 
plumbic  acetate  (Fliickiger).  By  adding  a  solu- 
tion of  copper  sulphate  or  chloride  to  a  solu- 
tion of  aloes,  an  intense  yellow-coloured  solu- 
tion is  obtained,  which,  warmed  with  bromide 
or  chloride  of  potash,  turns  to  a  deep-red  and 
rjcdish-violet  tint  (Klunge,  B.  16,  1691  ;  Ar. 
I'h.  1883,  363).  Borntriiger  (Fr.  19, 165  ;  B.  13, 
1040)  extracts  with  twice  the  volume  of  benzene, 
and  adds  to  the  clear  extract  a  dro25  of  ammonia, 
when,  on  warming  and  shaking,  the  solution 
becomes  violet-red  ;  Groves  (Ph.  [3]  11,  1045) 
linds  that  this  colour  is  not  due  to  aloin,  but 
probably  to  a  tannin-like  substance.  Lenz 
(Fr.  21,  220)  extracts  with  amyl  alcohol,  evapo- 
rates the  extract,  treats  with  nitric  acid,  and 
then  with  potassium  cyanide  and  hydroxide, 
when  a  blood-red  colouration  is  obtained. 

Crijips  and  Dymond  (Ph.  [3]  15,  633)  test 
for  aloin  by  dissolving  1  grain  in  16  drops  of 
strong  sulphuric  acid,  then  adding  4  drops  of 
nitric  acid  (1-42)  and  1  ounce  of  water,  when  a 
deep  orange  or  crimson  colour  is  produced, 
deepened  by  ammonia ;  substances  containing 
chrysophanic  acid  behave  in  a  similar  manner, 
but  their  aqueous  solution  turns  pink  upon  ihe 
addition  of  ammonia. 

ALOES,  ESSENTIAL  OIL  OF.  A  pale-yellow 
mobile  liquid  to  which  the  odour  of  aloes  is  due. 
Sp.gr.  0-«Go,  boils  266°-271°.  It  exists  in  very 
small  quantities  in  the  aloes,  and  when  pure  has 
the  taste  and  smell  of  oil  of  peppermint  (Ph. 
[3J  10,  613). 

ALOES  WOOD.  A  name  applied  to  the  wood 
of  Aloi'd-i/loii  agalloclium,  a  leguminous  tree  of 
Cochin  China,  and  to  that  of  Aquilaria  agrdlo- 
'•Jnim  and  A.  uvuta  of  trojji'-al  Asia.    Both  are 


highly  fragrant  and  aromatic  ;  used  in  fumiga- 
tions and  pastilles,  and  occasioually  by  cabinet- 
makers and  inlayers. 

The  same  name  is  applied  to  the  resin.  Of 
all  perfumes  this  is  said  to  be  the  most  esteemed 
bv  Orientals  (Cooloy). 

ALOO  BOKHARA,  ALP06ADA.  PAZHAM. 
The  Bokhara  plum  (Pruiius  Bohluiyieiisi  }, 
largely  imported  into  Bombay.  Used  as  a  laxa- 
tive. The  root  is  astringent ;  the  gum  is  used  as 
a  substitute  for  gum  arable  under  the  name  of 
Persian  gum  (Dymock,  Ph.  [3]  9,  145). 

ALOUCHI  RESIN  v.  A.'uchi  Resin,  art. 
Kesin. 

ALPOGADA  v.  AlOO  BOKHARA. 

ALQUIFON.  Black  lead  ore  or  Potters'  ore. 
A  native  lead  sulphide,  used  by  j.  o'.ters  to  give 
a  green  glaze  to  coarse  wares  (Cooiey). 

ALSTONIA  bark.  The  bark  of  Alstonia 
constricta,  an  apocyanaeeous  tree  growing  in 
Australia.  It  has  a  bitter  taste,  slightly  cam- 
phorous  odour,  contains  a  neutral  bitter  principle 
(similar  to  cailcedrin  and  tulucumin),  a 
volatile  oil  smelling  like  camphor,  an  iron-green- 
ing tannin,  resin,  fat,  wax,  a  protein-like  sub- 
stance, oxalic  and  citric  acids  (Palm,  J.  1863,615). 

Miiller  a.  Kummel  (C.  J.  [2]  35,  31)  obtained 
a  yellow  substance  to  which  they  gave  the  name 
alstonine.  Oberlin  a.  Schlagdenhauffen  (Ph.  [3] 
10,  1059;  C.  J.  [2]  38,  127)  showed  that  this 
body  consisted  of  two  compounds  alstonine 
and  alstonicine,  the  former  being  soluble  in 
acids  with  fluorescence,  the  latter  without. 

Hesse  subsequently  (B.  14,  264  ;  A.  205,  360  ; 
Ph.  11,  775;  C.  J.  [2;  40,  623)  isolated:— 

Alstonine  (chlorogenine)  C.jiiH.^iN.^O.,,  a  brown 
amorphous  mass,  a  strong  base,  soluble  in 
chloroform,  alcohol,  and  sparingly  soluble  in 
ether,  and  melting  when  anhydrous  at  195°C. 
(uncor.). 

Porphyrine,  C._,,iHo-,Nj0.j,  a  white  powder 
melting  at  97°  (uncor.),  soluble  in  alcohol,  chlo- 
roform, ether  and  acids  with  blue  fluorescence. 

Porphijrosine,  soluble  in  acetic  acid,  forming 
a  pink  solution. 

Alstonidine,  colourless  needles,  melting  at 
181°C.  (uncor.),  soluble  in  chloroform,  ether, 
alcohol  and  acetone. 

Hesse,  however,  could  not  find  a  trace  of 
quinine  (B.  11,  1546,  1753  ;  C.  J.  1:2]  36,  269). 
ALSTONIA  SPECTABILIS.  PoeU  bark.  Con- 
I  tains  alstoiiamine  (Hesse,  B.   11,  1548 ;  C.  .J. 
I  [2]  36,  71),  and  the  alkaloids  of  dita  bark, 
it  contains  six  times  as  much  echitammonium 
hydroxide  as  dita  bark  (Hesse,  A.  203,  114; 
Ph.  [3]  11,  251). 

Its  physiological  action  is  like  that  of  curare. 
ALTI.    Indian  name  for  a  root  used  at  Goa 
as  a  substitute  for  Althiea  (Dymock,  Ph.  [3]  8, 
101). 

ALUDEL.  The  aludels  of  the  earlier  chemists 
were  pear-shaped  pots  generally  made  of  earthen- 
ware, but  sometimes  of  glass,  open  at  both  ends. 
I  Eaah  aludel  had  a  short  neck  at  the  top  and 
bottom,  so  that  a  series  of  them  could  be  fitted 
together  by  means  of  the  necks.    The  earthen- 
j  ware  pear-shaped  vessels  in  which  the  mercurial 
vapours  are  condensed  at  Almaden  in  Spain  are 
also  known  as  aludels  ;  v.  Mercury. 
ALTJM  r.  Aluminium. 
!      ALUMINATES  v.  Aluminiuji. 
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ALUMINIUM.  Sym.  Al.  At.  w.  27-04  piallct, 
Berzelius,  Tissier,  Dumas,  Isuanl,  T.  rreil,  Bau- 

Ot'C(MTc;;c('.— Aluminium  is  tlie  most  widely 
distributed  element  in  nature  wit li  the  exception 
of  oxygen  and  silicon,  with  which  it  usually 
occurs  in  combination.  It  is  not  found  in  the 
metallic  state. 

As  oxide  Al.O.,  aluminium  is  found  in  co- 
ruiulum,  or,  coloured  by  metallic  oxides,  in 
lappliiic,  fbij,  auenj,  &c.  The  hydrated 
oxide  Al.O  H  O  occurs  as  diasporc,  and,  to- 
gether with  ferric  oxide,  as  the  important 
mineral  bauxite. 

Aluminium  occui's  in  combination  with 
oxygen  and  metals  as  aluininalcs,  in  sj}incl 
AlOj.MgO,  chiijsohcrijl  ALO,BeO,  (jalmitc 
AL.Oj.ZnO.  As  hydrated  sulphate  it  is  found  in 
aluminite  or  ivcbstcritc  ALO^SO^OH^O,  and  as 
alwnogen  ALO^SO^ISH^O ;  as  the  double  sul- 
phate of  aluminium  and  potassium  in  (ilnmstonc 
or  a! unite ;  and,  as  an  eltlorescence  on  aluminous 
minerals,  as  the  alums  of  potassium,  sodium, 
ammonium,  etc. 

Aluminium  occurs  principally,  however,  as 
silicate  in  the  various  days;  as  silicate  contain- 
ing silicon  Huoride  in  the  topaz,  and,  as  double 
silicate,  with  iron,  magnesia,  lime,  in 
(jaructs;  with  potassium,  sodium,  magnesium, 
and  calcium  in  immense  quantities  in  the 
varieties  of  felsjiar. 

As  double  fluoride  of  aluminium  and  sodium 
it  is  found  in  cr'jolitc  Al_l<\,(jNaF  ;  as  hydrated 
phosphate  in  t'.ie  tiirqti  >isc  and  in  waveUite,  and 
as  borate  in  a  crystalline  mineral  occurring  in 
yiberia. 

Although  present  in  such  quantities  in  the 
soil,  aluminium  is  not  usually  considered  a 
constituent  of  the  ash  of  plants  except  of  cryp- 
togams ;  Yoshida,  however  (C.  J.  1887,  748),  has 
found  it  in  a  number  of  plianerogams  in  Japan. 

Histonj. — Tiie  name  of  this  metal  is  derived 
from  aluitien,  a  term  applied  by  the  Romans  to 
all  bodies  of  an  astringent  taste.  Pott,  in  174(j, 
stated  that  the  basis  of  alum  is  an  argillaceous 
earth  ;  and  in  17o4  Margraff  pointed  out  the 
distinction  between  alianina  and  lime,  and  its 
presence  in  combination  with  silica  in  clay. 

Davy,  in  1807,  having  isolated'  tlie  alkali 
metals  by  electricity,  endeavoured,  unsuccess- 
fully, to  reduce  alumina  in  the  same  manner. 

An  important  advance  was  made  by  Oersted 
in  18'24.  He  prepared  aluminium  chloride  by 
passing  chlorine  over  a  mixture  of  alumina  and 
carbon  heated  to  redness.  He  appears  to  have 
reduced  the  chloride  to  the  metallic  condition 
by  heating  with  potassium  amalgam  (Berzelius, 
Jahresb.  1827  [<i]  118).  The  amalgam  pro- 
duced oxidised  rapidly  in  the  air,  and  left,  on 
volatilising  the  potassium,  a  tin-white  metal.  An 
amalgam  may  be  formed  directly  by  heating  a  mix- 
ture of  mercury  and  finely-divided  aluminium, 
which  is  decomposed  by  contact  with  water. 

Wohler,  in  1827  (A.  1828,  37,  (i(i),  having 
failed  to  procure  the  metal  by  Oersted's  method, 
obtained  it  by  the  decomposition  of  the 
anhydrous  chloride  with  potassium,  as  a  grey 
powder,  which  became  brilliant  under  the 
burnisher.  In  184.5  lie  obtained  globules  as 
large  as  a  pin's  head  ;  first,  by  heating  a  mix- 
ture of  potassium  and  aluminium  chloride,  and. 


later,  on  account  of  the  violence  of  the  action, 
by  the  method  also  adopted  by  L'ebig,  of  pass- 
ing the  vapour  of  the  chloride  over  heated 
potassium.  The  metal  so  obtained  showed, 
however,  properties  very  dili'erent  from  those 
of  pure  aluminium,  and  doubtless  contained 
potassium  and  aluminium  chloride,  and  also 
platinum,  when  vessels  of  that  metal  were  used 
in  the  preparation. 

Bunsen  and  Deville,  in  18(54,  independently, 
obtained  the  metal  by  electrolysis  of  the  fused 
chloride.  Deville,  in  the  same  year,  much  sim- 
plified the  manufacture  by  substituting  sodium 
for  the  more  expensive  potassium.  In  18.34 
he  was  installed  in  the  manufactory  of  Javel 
by  the  Emperor  Napoleon  III.,  and  supplied 
with  the  necessary  apparatus  for  experiments 
on  the  large  scale.  A  description  of  his  method 
is  given  in  A.  Ch.  [.3]  4o,  .5-36,  and  specimens 
of  the  metal  produced  were  shown  at  the  Paris 
Exhibition  of  18,j,5. 

Shortly  after  the  publication  of  these  results, 
Messrs.  Dick  and  Smith,  under  the  direction  of 
I  Dr.  Percy,  prepared  aluminium  by  the  action  of 
sodium  on  the  newly-discovered  mineral  cryolite, 
some  of  the  product  being  shown  by  Faraday  at  the 
lioyal  Institution  in  March  18.55  (P.  M.  10,  365). 

About  six  months  subsequently.  Rose,  inde- 
pendently, prepared  it  in  the  same  manner,  and 
published  his  results  in  an  extended  article  in 
P.  ;J6,  152  (P.  M.  10,  233). 

Deville  at  once  turned  his  attention  to  this 
process  (A.  Ch.  [3]  46,  451)  ;  but  on  account  of 
the  impurity  of  the  metal  produced,  he  pre- 
ferred the  double  chloride  of  aluminium  and 
sodium,  using  cryolite  as  a  tlux  only. 

Wiihler  (A.  '.lit,  255)  proposed  a  method  for 
preparing  aluminium  free  from  silicon  by  this 
,  method  in  ordinary  crucibles.  It  was  adopted  by 
Tissier  Freres  at  Rouen,  but  was  soon  abandoned 
I  on  account  of  the  smallness  of  the  yield. 

The  first  manufactory  in  England  was  started 
!  at  Battersea,  London,  in  185'.),  by  F.  W.  Gerhard. 
:  Some  of  liis  metal  was  shown  at  the  Society  of 
Arts  Exhibition  in  1860.  Messrs.  Bell,  of  New. 
castle,  also  prepared  aluminium  and  aluminium 
bronze,  but  the  manufacture  has  been  discon- 
tinued. 

I  Notwithstanding  the  large  number  of  pro- 
(  cesses  proposed  during  the  last  thirty  years  for 
j  its  manufacture,  practically  the  whole  of  this 
I  metal  is  at  present  produced  by  Deville's  pro- 
cess at  the  manufactory  of  Salindres.  Mr. 
Castner's  process  of  manufacture,  now  in 
operation  at  the  Aluminium  Company's  Works 
in  Oldbury,  promises,  however,  to  reduce  very 
considerab'y  the  cost  of  production. 
■  il/rt;i(r/«c^(uc.  — All  attempts  to  produce  alu- 
minium by  the  reduction  of  its  oxide,  except, 
perhaps,  by  the  use  of  electricity,  have  been 
unsuccessful.  The  affinity  between  this  metal 
and  oxygen  increases  considerably  at  high  tem- 
peratures, as  shown  by  its  tendency  to  produce 
aluminates  when  heated  to  whiteness  with  cer- 
tain metallic  oxides  and  salts.  This,  together 
with  its  high  heat  of  formation,  renders  it  im- 
probable that  the  oxide  will  be  reduced  by 
ordinary  reducing  agents  at  the  temperatures  at 
present  available.  Hitherto  the  haloid  salts 
liave  been  the  source  of  the  metal,  the  chloride 
and  fluoride  being  used  on  the  large  scale. 
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These  salts  arc  rapklly  reflucecl  by  the  alkali 
metals.  Sodium  alone  is  used  on  account  of  its 
lower  cost  and  less  violent  action  than  potas- 
sium. 

The  use  of  zinc  has  been  recommended  by 
many  chemists  for  the  reduction  of  the  chloride. 
Dullo  (Bl.  1860,  472),  Basset  (Le  Genie  In- 
dustrie!, 1852,  152),  Wedding  (J.  Ph.  [4]  3, 
155),  and  others  have  advised  its  use.  Accord- 
ing to  Flavitzky  (B.  6,  l'J5),  however,  zinc 
chloride  itself  is  reduced  by  a^Hiniiiiwn. 

Weldon  (Eng.  Pat.  18S3,  97)  states  that  the 
haloid  salts  may  be  reduced  by  manganese. 
Aluminium,  however,  appears  to  reduce  man- 
ganese from  its  chloride. 

The  process  adopted  by  Dcville  for  producing 
the  masses  of  aluminium  shown  at  the  Paris 
Exhibition  in  1855  consisted  in  passing  the 
vapour  of  aluminium  chloride  over  heated 
sodium.  The  chloride  was  distilled  from  a  ver- 
tical iron  retort  over  a  quantity  of  iron  filings 
heated  to  dull  redness.  The  ferric  chloride  and 
any  hydrochloric  acid  present  as  impurity  hav- 
ing thus  become  reduced,  the  vapour  was  passed 
through  a  tube  cooled  to  about  300°C.  where 
the  ferrous  chloride  produced  was  deposited. 
The  chloride  passed  thence  into  a  chamber 
heated  to  dull  redness,  containing  three  iron 
dishes,  each  holding  500  grams  of  sodium.  Tlie 
chloride  was  rapidly  reduced,  and  the  sodium 
chloride  produced  combined  with  excess  of 
aluminium  chloride,  forming  a  fusible  mass  of 
the  double  chloride  containing  globules  of  me- 
tallic aluminium.  The  action  having  ceased, 
the  contents  of  the  dishes  were  fused  in  a 
crucible,  cooled,  digested  in  water,  and  the 
metallic  globules  fused  and  pressed  together 
with  a  clay  rod. 

Deville  also  prepared  the  metal  by  passing 
the  mixture  of  sodium  vapour  and  carbon 
monoxide  from  a  sodium  generator  into  a 
large  earthen  crucible.  As  these  gases  ignited 
and  heated  the  crucible,  pieces  of  aluminium 
chloride  were  thrown  in  from  time  to  time  and 
reduced  by  the  sodium  vapour.  This  promising 
method  produced  very  pure  metal,  but  does 
not  appear  to  have  been  successful  on  the  large 
scale.  A  process  not  differing  essentially  from 
it  has  been  patented  by  Frishmuth,  of  Phila- 
delphia (U.  S.  Patent,  308,  152). 

The  yield  of  aluminium  by  these  processes 
is  far  below  the  theoretical  amount.  This  is 
explained  by  the  fact  that  much  of  the  metal  is 
produced  in  a  state  of  fine  division,  and  is  lost, 
partly  mechanically,  and  partly  by  passing  into 
solution  during  the  washing.  The  chloride  also 
is  very  hygroscopic,  and  appears  to  surround 
the  globules  of  metal  with  a  coating  of  oxide, 
which  prevents  them  from  uniting.  The  sub- 
stitution of  the  much  less  hygroscopic  double 
chloride  of  aluminium  and  sodium  for  the  ordi- 
nary chloride  considerably  reduces  this  difficulty, 
but  the  addition  of  cryolite,  or  of  fluorspar, 
renders  it  possible  to  obtain  nearly  the  whole  of 
the  metal  in  one  mass.  This  is  due  to  the  pro- 
perty possessed  by  fluorides  of  dissolving  the 
film  of  oxide  from  the  globules,  and  also  to  the 
great  fluidity  of  the  cryolite  flux. 

Cryolite  may  be  reduced  with  facility  by 
sodium,  but  the  metal  so  produced  is  much  less 
pure,  on  account  of  the  solvent  action  of  the 


alkaline  fluoride  on  earthen  crucibles,  and  con- 
sicjuent  introduction  of  silicon  into  the  metal.- 
,  When  iron  crucibles  are  used  this  impurity  is 
I  avoided,  but  the  metal  then  contains  iron.  For 
this  reason  cryolite  is  not  used  for  the  direct 
production  of  aluminium,  but  is  invariably  added 
as  a  flux. 

For  the  following  description  of  the  prepara- 

I  tion  of  aluminium  on  the  manufacturing  scale 
by  M.  Pechiney  at  Salindres,  we  are  indebted 
principally  to  the  account  by  M.  Margottel  in 
Fremy's  Encyclopsedia,  to  Payen's  Chimie  Indus- 
trielle  [11  583,  and  to  M.  Wurtz  in  the  Reports 
on  the  Vienna  Exhibition  of  1873  (Hoffmann's 
Ber.  Entwick.  Chem.  Indust.  [1]  057). 

The  presence  of  a  small  quantity  of  iron  in, 
alumin  um  is  very  injurious.  It  is  necessary, 
thereto  e,  to  use  in  the  preparation  only  such 
substances  as  are  free  from  iron.  Aluminous 
minerals  never  occur  in  sullioient  purity  to  be 
directly  available,  and  require  a  preliminary 

,  treatment  to  remove  iron  before  their  conversion 
into  the  chloride.  The  preparation  from  bauxite 
consists  of  four  distinct  operations.  (1)  The 
formation  of  sodium  aluminate.  (2)  Its  con- 
version into  alumina  free  from  iron.  (3)  The 
production  from  the  latter  of  the  double  chloride 
of  aluminium  and  sodium.  (4)  The  reduction 
of  the  chloride  by  sodium. 

'  The  bauxite  preferred  is  obtained  from  the 
Department  of  Var,  and  contains  usually  50  p.c. 
ALO3  and  25  p  c.  Fe^Oj.  Of  the  finely-powdered 
mineral  480  parts  are  mixed  with  300  parts  of 
sodium  carbonate.  The  mixture  is  strongly 
heated  in  a  reverberatory  furnace  with  frequent 
stirring  until  a  portion  no  longer  effervesces  on 
addition  of  an  acid.  About  five  or  six  hours  is 
usually  required. 

The  alumina  is  thus  converted  into  the  solu- 
ble sodimn  aluminate,  whilst  the  ferric  oxide  is 
unacted  upon  and  remains  insoluble : — 

ALO.,  +  3Na ,C0,  =  Al.A-  3^a,0  +  SCO... 
The  apparatus  used  for  the  solution  of  the 
aluminate  is  of  peculiar  construction.    A  charge 
of  500  kilos  (nearly  half  a  ton)  is  placed  within, 
upon  a  cloth  filter  stretched  over  a  metal  grating. 

i  The  first  wash-water  consists  of  a  weak  solution 
of  aluminate  from  the  last  washing  of  a  previous 
quantity.    It  is  conveyed  through  a  tube  from  a 

I  separate  vessel,  over  and  through  the  mass,  by  a 
slight  pressure  of  steam,  and  the  whole  is  heated 
continuously  by  a  steam  jet.  For  the  subsequent 
washings  pure  water  is  used.  All  liquors  passing 
through  of  above  3'^B.  (1-02  sp.gr.)  are  mixed 
and  produce  '  strong  liquor'  of  about  12"B. 
(1-085  sp.gr.). 

The  strong  liquor  has  next  to  be  treated  for 
the  re-production  of  the  alumina,  now  entirely 
free  from  iron.  It  is  placed  in  a  closed  vessel 
called  a  '  baratte '  and  subjected  to  the  action  of 
a  current  of  washed  carbon  dioxide.  The 
barattes  are  2  metres  long,  0-6  metres  wide,  and 
0-8  metres  high ;  each  has  a  capacity  of  about 
1,200  litres  (264  gallons)  and  its  contents  are 
continually  stirred  by  a  mechanical  agitator.  A 
steam  jacket  at  the  bottom  of  the  vessel  main- 
tains the  temperature  at  70°C.  Three  barattes 
are  connected  in  series  in  order  to  utilise  the 
whole  of  the  carbon  dioxide,  and  when  the  last 
fails  to  absorb  the  gas — usually  after  about  five 
hours — the  precipitation  of  the  alumina  in  the 
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first  may  be  considereJ  complete.  This  is  then 
emptied  through  a  tap  in  the  bottom,  refilled  and 
placed  at  the  end  of  the  series,  so  that  the  solu- 
tion in  which  precipitation  has  most  advanced  is 


Fig.  1. 


always  first  exposed  to  the  gas.  The  chemical 
change  is  exactly  the  reverse  of  that  occurring 
in  the  previous  ignition  : 

Al,0.„  3Na,0  +  3CO,  =  3Na,CO,  + Al.Oj. 
Nearly  the  whole  of  the  carbonate  used  in  the 
first  instance  may  be  thus  recovered  by  evapo- 
rating the  solution  to  32°B.  and  crystallising. 

The  solution  of  carbonate  having  been  de- 
canted, the  deposited  granular  alumina  is  freed 
from  adherent  liquid  by  means  of  a  centrifugal 
machine  and  washed  with  water.  A  second  rota- 
tion in  the  machine  frees  it  sufficiently  from 
carbonate  for  the  next  operation.  The  moist 
alumina  has  the  composition 

Al.Oj  47-5  H,0.  50-0  Na.CO,  2-5. 
The  dried  alumina  (100  parts)  is  mixed  with 
salt  (120  parts)  and  finely  powdered  wood 
charcoal  (iO  parts) ;  the  mixture  is  sifted  to  render 
it  homogeneous,  mixed  with  sufficient  water  to 
make  it  cohere,  and  the  mass  kneaded  into  balls 
about  the  size  of  the  fist.  They  are  dried  at  about 
loO^C.  and  transferred  to  a  vertical  cylinder  of 
refractory  earth  (fig.  1),  about  1^  metres  high 
and  18  centimetres  internal  diameter,  (5  or  8  such 
cylinders  being  arranged  in  each  furnace.  The 
cylinder  cover  is  luted  down  with  a  mixture  of 
fire  clay  and  horse-dung  and  the  whole  heated 
gently  until  the  balls  are  perfectly  desiccated. 

When  this  operation,  which  usually  occupies 
a  considerable  time,  is  completed,  the  tempera- 
ture is  raised  to  redness  and  perfectly  dry  chlorine 
gas  is  passed  through  a  tube  in  the  lower  portion 
of  the  cylinder.  The  gas  passes  through  the 
porous  balls,  and,  assisted  by  the  action  of  the 
carbon,  decomposes  the  alumina  with  production 
of  aluminium  chloride  and  carbon  monoxide  : 

ALO3  -^  3C  -^  3C1,  =  AL.Cl,  -f  3C0. 
The  chloride  at  once  combines  with  the  admixed  [ 
salt  producing  the  double  chloride  ALCl,,,  2NaCl, 
which  volatilises,  passes  through  the  tube  in 
the  upper  portion  of  the  cylinder  and  condenses 
in  the  earthen,  flowerpot-shaped  receiver  as  a 

Vol.  l.-T 


crystalline  mass.  Tlie  cover  of  this  condenser 
is  well  luted  on  and  supplied  with  a  tube  about 
(j  cm.  diameter  through  which  tlie  carbonic  oxide 
passes  into  the  chimney.  The  double  chloride 
thus  produced  is  very  pure,  and  contains  only  a 
trace  of  iron.  It  is  not  removed  from  the  con- 
densers until  required  for  use.  During  the  first 
three  hours  the  chlorine  is  almost  completely 
absorbed  and  the  double  chloride  distils  regu- 
larly, but  as  the  action  proceeds  the  absorp- 
tion is  less  complete,  and  the  distillation  is 
irregular.  About  12  hours  is  occupied  in  each 
distillation,  and  the  residue  is  removed  after  two 
oiserations.    A  retort  lasts  about  a  month. 

The  aluminium  compound  is  now  in  the  proper 
condition  for  reduction  to  the  metallic  state. 
A  mixture  of  100  kilos  (2201bs.)  of  the  double 
chloride  and  45  kilos  (lOOlbs.)  of  cryolite,  all 
powdered,  is  divided  into  four  portions.  Three 
of  these  are  mixed,  each  with  12  kilos  (2(jUbs.) 
of  sodium  in  pieces  about  ^-inch  cube  and 
placed  in  sheet  iron  baskets,  the  fourth  portion, 
containing  no  sodium,  is  placed  in  a  separate 
basket. 

The  reverberatory  furnace  used  is  of  peculiar 
construction.  It  is  built  of  refractory  brick, 
and  is  so  arranged  that  the  flame  may  at  any 
time  be  revnoved  from  the  hearth  ;  it  is  strongly 
built  and  braced  by  iron  tie-rods  to  resist  the 
concussions  produced  by  the  action.  The  fur- 
nace bed  is  about  80  centimetres  long,  and  50 
centimetres  wide  in  the  middle.  The  bed  and 
walls  are  well  coated  with  a  mixture  of  4  parts 
calcined  alumina  and  1  part  calcium  aluminate 
to  prevent  as  far  as  possible  the  introduction 
of  silicon  from  the  bricks  into  the  metal.  To- 
wards the  front  of  the  bed  is  built  a  small  brick 
wall,  which  may  be  removed  when  reduction  is 
completed.  A  cast-iron  gutter  facilitates  the 
running  out. 


Fig.  2. 


A.  S'ightly  inclined  bed  of  furnace.  K.  Iron  gutter,  c. 
Temporary  wall.  DD.  Dampers.  K.  Opening  for  intro- 
duction o£  charge,   hh.  Communications  with  chimuej'. 

The  furnace  is  heated  to  redness,  and  the 
flame  removed  from  the  hearth.  The  material 
from  the  three  baskets  is  rapidly  inserted 
through  an  opening  in  the  furnace  roof,  followed 
by  the  mixture  containing  no  sodium,  and  the 
furnace  entirely  closed. 

A  violent  action  at  once  commences,  with 
hard  concussions  on  the  side  of  the  furnace. 
The  reaction  having  subsided,  the  dampers  are 
opened  in  about  fifteen  minutes,  and  the  mass 
stirred  with  an  iron  poker.  In  three  hours  the 
reduction  is  complete,  and  the  whole  mass  is  in 
tranquil  fusion  with  the  metal  beneath  the  slag. 

The  upper  portion,  or  '  white  slag,'  is  free 
from  aluminium,  and  is  removed  by  abstracting 
a  brick  from  the  upper  portion  of  the  temporary 
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wall.  The  metal  is  then  run  out  from  beneath 
the  remaining  slag  by  the  removal  of  a  plug 
from  the  bottom  of  the  wall  and  received  in  a 
cast-iron  pot  previously  heated  to  redness  at 
the  base.  The  metal  is  at  once  cast  into  small 
rectangular  ingots.  By  two  or  three  successive 
meltings  the  slag  inclosed  by  the  aluminium  is 
eliminated. 

The  remaining  slag  is  grey,  and  contains 
globules  of  almiiinium.  To  facilitate  its  escape, 
the  whole  of  the  little  wall  is  removed,  and  the 
slag  is  collected  in  the  crucible  in  which  the 
aluminium  was  received.  It  is  allowed  to  cool 
gradually,  and  the  small  quantity  of  metal  which 
collects  beneath  is  removed. 

In  a  good  operation,  lO  S  kilos  of  aluminium 
are  produced  from  the  quantities  of  material  men- 
tioned. According  to  Wurtz,  1,800  kilos  of  PjIu- 
minium  were  produced  at  Salindres  in  1872  at  a 
cost  for  the  various  materials  of : 

1  kilo  dry  alumina     .       .    0  fr.  50  c. 
1    ,,  double  chloride        .    2  fr.  48  c. 
1    „  sodium     .       .       .11  fr.  32  c. 
Total  cost  of  1  kilo  aluminium  80  fr. 

In  1882  the  output  had  increased  to  2,400 
kilos  per  annum  (Bull.  Soc.  de  I'lndustrie 
Min^rale,  1882  [2]  451). 

According  to  Weldonthe  comparative  cost  of 
the  materials  used  at  Salindres  is  : — Preparation 
of  alumina,  9'C7  ;  conversion  into  double  chlor- 
ide, 33'4 ;  additional  cost  for  sodium,  cryo- 
lite, &c.  56-93  (S.  C.  I.  1883,  368).  From  these 
figures  it  is  evident  that  any  radical  change 
in  the  cost  of  production  must  depend  on  the 
reduction  of  the  cost  of  the  double  chloride 
or  of  the  sodium,  or  on  the  use  of  some  other 
reducing  agent  or  power. 

The  oxide  prepared  as  already  described  is  as 
pure  as  can  be  prepared  by  any  process,  and 
even  a  great  reduction  in  the  cost  could  but 
little  affect  the  price  of  the  metal. 

By  Castner's  process  (Eng.  Pats.  1886,  7,395  ; 
1888,  5,856)  sodium  is  now  being  manufactured 
and  sold  at  less  than  one-half  its  former  price, 
whilst  by  his  new  process  (Eng.  Pat.  1888, 
5,857)  the  cost  of  the  double  chloride  is  said 
to  be  reduced  by  one  half. 

Aluminium  may  also  be  produced  by  electro- 
lysis of  the  fused  haloid  salts,  preferably  at  a 
temperature  a  little  below  the  melting  point  of 
alu7ninium. 

According  to  Deville's  method,  the  reduction 
may  be  performed  in  a  porcelain  crucible  with  a 
negative  pole  of  j)latinum  and  a  positive  pole  of 
carbon.  When  the  double  chloride  of  aluminium 
and  sodium  is  used,  aluminium  and  a  little 
sodium  chloride  are  deposited  on  the  platinum, 
while  chlorine  and  a  little  aluminium  chloride 
are  liberated  at  the  carbon  pole.  The  first 
portions  of  the  deposit  contain  the  greater  jjart 
of  the  silicon  and  iron,  so  that  by  substituting  a 
fresh  platinum  plate  after  apart  of  the  metal  has 
been  deposited,  very  pure  aluminium  may  bo 
obtained.  The  current  from  two  Bunsen  cells  is 
sufficient.  The  metal  is  detached,  and  fused 
under  a  layer  of  the  double  chloride. 

Gore  and  many  others  have  stated  that  it 
is  possible  to  deposit  aluminium  from  aqueous 
solution.  None  of  these  processes  has,  however, 
been    successful,  and   Deville,    Sprague,  and 


Winckler  have  particularly  stated  their  in- 
ability to  deposit  the  metal  from  solution. 
The  action  of  alkaline  solutions  on  aluminium 
would  prevent  the  possibility  of  deposition 
from  such  liquids,  and  the  same  objection 
would  apply  to  most  neutral  and  acid  solutions. 

An  electric  furnace  suitable  for  the  produc- 
tion of  very  elevated  temperatures  was  described 
by  Br.  Siemens  at  Glasgow  in  1881,  and 
recently  a  furnace  on  somewhat  similar  princi- 
ples has  been  patented  by  Messrs.  Cowles  Bros, 
for  the  reduction  of  alumina  and  other  oxides 
(U.S.  patents,  1885,  324,658,  324,059,  319,945, 
319,795.  Eng.  Pat.  (W.  P.  Thompson)  1885, 
9,781 ;  1886,  1,160  and  1,161).  The  furnace  is 
a  rectangular  box,  one  foot  wide,  five  feet  long, 
and  fifteen  inches  deep,  all  inside  measures. 
Two  carbon  electrodes  pass  through  pipes  in 
the  ends ;  they  are  three  inches  in  diameter  and 
thirty  inches  long  ;  this  size  cannot  be  exceeded, 
as  larger  carbons  disintegrate  under  the  intense 
heat.  For  a  non-conducting  furnace  lining,  fine 
particles  of  charcoal  are  washed  in  lime-water, 
exposed  to  the  air  and  dried.  They  thus  become 
coated  with  lime  and  are  of  good  insulating 
power.  At  the  high  temperature  produced, 
ordinary  charcoal  becomes  converted  into  gra- 
phite and  forms  a  good  conductor.  The  two 
electrodes  being  within  a  few  inches  of  one 
another,  the  charge  of  twenty-five  parts  of 
corundum,  twelve  parts  of  carbon  and  fifty 
parts  of  granulated  copper  is  placed  around  and 
between  them,  covered  with  small  lumps  of 
charcoal,  and  the  whole  covered  with  an  iron 
top  lined  with  fire  brick.  The  current  from  a 
powerful  dynamo  is  then  passed,  and  the  elec- 
trodes moved  if  necessary  to  produce  the  requisite 
resistance.  In  about  ten  minutes,  the  copper 
having  melted  between  the  electrodes,  the  dis- 
tance between  them  is  increased  while  the 
current  is  raised  to  1,300  amperes  of  fifty  volts 
E.M.F.  As  the  resistance  is  increased  the  tem- 
perature rises,  the  alumina  is  reduced  to  the 
metallic  condition  and  alloys  with  the  copper, 
while  its  oxygen  forms  carbon  monoxide  and 
burns  at  the  openings  in  the  cover  with  a  white 
flame.  After  about  five  hours  the  operation  is 
completed.  The  alloy  produced  is  brittle,  con- 
sisting of  copper  and  15  p.c.  or  upwards  of  alu- 
minium. When  boron  or  silicon  oxides  have 
been  added,  the  bronzes  produced  contain  these 
elements.  It  is  melted,  cast  into  ingots,  the 
percentage  of  aluminium  determined,  and  suffi- 
cient copper  added  to  produce  '  aluminium 
bronze,'  or  the  required  alloy. 

When  other  metals,  such  as  iron,  nickel, 
silver,  &c.  are  substituted  for  copper,  correspond- 
ing alloys  are  produced. 

The  slag  produced  is  hard  and  compact,  but 
soon  falls  to  a  fine  alkaline  powder;  it  contains 
alumina,  calcium  aluminate,  with  traces  of 
copper,  silicon,  &c. 

Pure  aluminium  cannot  be  produced  satis- 
factorily by  this  method,  as  it  remains,  to  a  great 
extent,  mingled  with  the  carbon. 

See  further,  W.  P.  Thompson  (S.  C.  I.  1886, 
206) ;  Mabery  (Am.  S.  308),  and  (Am.  1887, 
11). 

An  electric  furnace  for  the  reduction  of 
cryolite  has  been  invented  by  Kleiner  (Eng. 
Pat.  1886,  8,531). 


ALUMINIUM. 


67 


The  following  analyses,  taken  from  Hoffmann's  Ber.  Entwick.  Clicm.  InJ.  (1)  COB,  show  the 
composition  of  commercial  aluminium:  — 
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Absolutely  pure  aluminium  may  be  prepared 
by  the  method  adopted  by  Mallet  in  his  deter- 
mination of  the  atomic  weight  of  that  element 
(Tr.  171,  1,018;  C.  N.  40,  178).  Ordinary  com- 
mercial aluminium  is  converted  into  bromide 
by  the  direct  action  of  bromine.  On  account  of 
the  violence  of  the  action  the  metal  should  be 
immersed  only  for  a  short  time,  at  intervals, 
until  dissolved,  or  should  be  added  in  very 
small  pieces.  The  bromide  so  produced  is  freed 
from  bromine  by  distillation  and  fractionally 
distilled,  that  portion  boiling  uniformly  at 
263-b°C.  being  reserved.  This  portion  is  colour- 
less, entirely  soluble  in  water,  and  consists  of 
the  liure  bromide. 

It  is  heated  with  sodium  (which  has  been 
carefully  freed  from  oil  and  well  scraped)  in  a 
crucible  made  of  a  mixture  of  pure  alumina  and 
sodium  aluniinate.  The  amount  of  sodium 
used  should  not  be  sufficient  to  reduce  the 
whole  of  the  bromide,  or  the  aluminium  is 
liable  to  contain  sodium.  The  globules  of 
metal  are  fused  together  before  the  blowpipe 
on  a  bed  of  alumina,  immersed  for  a  short  time 
in  hydrochloric  acid,  washed  and  dried.  Pure 
aluminium  might  also  be  produced  by  the  elec- 
trolysis of  the  pure  bromide  or  chloride. 

Purification. — On  account  of  the  low  specific 
gravity  of  aluminium  there  is  a  considerable 
tendency  for  portions  of  the  slag  to  remain  in 
the  metal.  The  presence,  especially,  of  alumi- 
nium chloride  is  very  injurious,  and  such  metal, 
though  quite  pure  in  appearance,  soon  becomes 
attacked  in  spots  on  exposure  to  the  atmo- 
sphei'e,  and  coated  with  alumina.  According  to 
Morin,  the  metal  should  be  melted  in  a  plum- 
bago crucible  and  exposed  to  the  air  at  a  red 
heat.  Acid  fumes  are  evolved  from  the  decom- 
position of  the  chloride,  &c.,  and  a  white  scum 
collects  on  the  surface.  The  crucible  is  taken 
from  the  furnace  and  the  scum  removed  by  a 
cast-iron  rod.  This  operation  must  be  repeated 
three  or  four  times  before  the  whole  of  the  slag 
is  removed. 

The  purification  from  metallic  impurities 
is  extremely  difficult.  The  only  method  of  ob- 
taining satisfactory  metal  is  to  produce  it  in  a 
state  of  purity  in  the  first  instance  by  using 
only  j)ure  materials. 

No  process  of  removing  silicon  is  known. 
When  heated  in  fused  soda  the  superficial 
silicon  is  removed.  Metal  so  treated  takes  a 
good  polish. 

Iron  may  be  partially  removed  by  a  process 
of  liquation,  and  iron  or  copiKr,  by  fusion  with 


potassium  polysuli^hide,  chlorate,  and  nitrate, 
but  the  separation  is  vei-y  incomplete. 

Zinc  may  be  driven  off  as  oxide  by  exposure 
of  the  molten  metal  to  the  air.  The  complete 
separation  only  takes  place  at  an  extremely 
high  temperature. 

Lead  is  removed  by  cupellation.  Peligot 
recommended  cupellation  of  impure  aluminium 
with  lead  for  the  removal  of  other  impurities  ; 
according  to  Deville  the  metal  may  be  much  im- 
proved by  that  method. 

Deville  recommends  the  following  as  the  best 
general  method  of  purification.  A  cast-iroit 
crucible  is  thoroughly  oxidised  on  the  surface 
by  a  little  fused  nitre  and  the  metal  placed 
therein,  covered  with  a  layer  of  potassium 
nitrate  and  heated  to  redness.  The  iron,  cop- 
per, &c.,  are  thus  oxidised  and  pass  away  in  the 
slag.  If  the  temperature  be  too  high  the  alu- 
minium itself  rapiidly  acts  upon  the  nitre  with 
formation  of  potassium  aluminate. 

(For  the  influence  of  small  quantities  of  im- 
purity V.  Alhi/fi,  infra.) 

Physical  Properties. — Commercial  aluminium 
is  a  white  metal  with  a  bluish  tinge,  which  be- 
comes intensified  when  the  metal  is  worked,  and 
when  much  silicon  and  iron  are  present.  It  has 
been  obtainei  in  crystals  resembling  octahedra  ; 
pure  aluminium  is  not  magnetic.  The  specific 
gravity  of  the  cast  metal  is  about  2-56;  this 
may  be  increased  to  2-G88  by  rollmg.  Its  specific 
heat  is  about  0'218. 

It  melts  at  600°C.  (Piclet) ;  about  700'^ 
(Castner,  com.),  and  appears  to  be  quite  non- 
volatile. 

Notwithstanding  its  low  melting-point  it  is 
difficult  to  liquefy  the  metal  on  account  of 
its  high  specific  heat ;  its  latent  heat  also  ap- 
pears to  be  considerable.  It  should  be  fused  in 
an  open  vessel  without  a  flux. 

Aluminium  contracts  on  solidifying.  The 
largest  casting  of  this  metal  is  said  to  be  the 
cap  of  the  Washington  Monument,  weighing 
8^-  lbs.  (Min.  Res.  United  States,  1883-1884). 

Taking  the  electric  conductivity  of  silver  at 
0°C.  as  100,  that  of  aluminium  at  O-'C.  is  34-0 
(Matthiessen).  The  conductivity  for  heat  of 
silver  being  100  at  19'6''C.,  that  of  aluminium  is 
33'7.  Slightly  different  conductivities  from  the 
above  are  given  by  Lorenz  (A.  Ch.  2,  13,  422 
and  .582). 

Aluminium  is  extremely  malleable,  espe- 
cially when  pure,  and  may  be  beaten  into  leaf 
like  gold  and  silver.  Its  temper,  however,  is 
quickly  lost  and  the  metal  requires  frequent 
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annealing,  especially  as  it  becomes  thinner. 
The  loaf  is  said  to  form  a  good  and  durable 
substitute  for  silver.  It  may  be  drawn  into  tine 
wire  if  frequently  annealed  at  a  low  heat.  The 
best  temperature  for  working  is  said  to  be  100' 
to  loO°C.  In  elasticity  and  hardnes^at  is  about 
equal  to  silver.  The  hardness  increases  when 
hammered  and  diminishes  after  heating. 

W.  H.  Barlow  (Brit.  Assoc.  Kep.  1882, 
668)  has  determined  the  more  important  me- 
chanical properties  of  a  bar  of  aluminium 
}  inch  square  and  3  feet  long.  Its  sp.  gr.  was 
2-688 ;  its  modulus  of  elasticity  10,000  ;  its 
range  of  elasticity  high,  a  bar  stretched  ^  of 
its  length  before  breaking.  Its  tensile  strength 
was  26,800  lbs.  (about  12  tons)  per  square  inch. 
The  length  of  a  bar  able  to  support  its  own 
weight  was  23,040  feet,  i.e.  equal  to  that  of 
ordinary  steel  and  more  than  double  that  of 
bronze.  Kamarsch  (D.  P.  J.  172,  55)  finds,  for 
a  wire  0'225  mm.  in  diameter  a  tensile  strength 
of  12'975  kilos  per  square  mm.,  and  for  a  wire 
0'145  mm.  in  diameter,  a  tenacity  11-845. 
According  to  Mallet  (C.  N.  46,  178),  absolutely 
pure  aluminium  is  as  white  as  tin,  but  of  greater 
lustre,  with  no  bluish  tinge,  softer  and  more 
malleable,  and  apparently  less  fusible  than  the 
ordinary  metal.    Its  hardness  is  less  increased 

by  hammering.    Its  sp.gr.  is  2-583  ^—  and  its 

sp.  heat  between  0°  and  100°C,  is  0-2253 ;  higher 
than  that  of  any  other  metal  except  lithium 
and  glucinum,  as  might  be  expected  from  its 
low  atomic  weight.  Considerable  difficulty  is 
experienced  in  soldering  aluminium.  Mourey 
(D.  P.  J.  166,  205)  recommends  several  solders; 
a  generally  useful  one  contains  aluminium  6, 
copper  4,  zinc  (free  from  iron)  90  ;  or  for  heavier 
work,  aluminium  12,  copper  8,  zinc  80 ;  the 
latter  is  also  recommended  by  Van  der  Weyde. 

For  burnishing  and  engraving  aluminium, 
the  ordinary  media  are  unsuitable.  According 
to  Mourey  and  others  an  emulsion  of  equal 
parts  of  rum  and  olive  oil  is  most  satisfactory. 
The  appearance  of  the  manufactured  articles  is 
improved  by  a  frosted  appearance.  This  is  pro- 
duced by  plunging  the  article  momentarily  into  a 
weak  solution  of  caustic  alkali,  washing  well  and 
immersing  in  dilute  nitric  acid.  Aluminium  is 
extremely  sonorous,  especially  when  pure.  If 
suspended  by  a  fine  wire,  a  bar  when  struck 
emits  a  clear,  sweet,  and  prolonged  sound. 
Lissajous  has  prepared  tuning-forks  of  this 
metal,  the  action  of  which  was  verv  satisfactory. 
Dumas  (C.  E.  00,  1,027,  and  J.  Ph.  2.  12)  has 
shown  that  ordinary  aluminium  contains  nearly 
its  own  bulk  of  hydrogen  and  a  small  quantity 
of  carbon  dioxide.  The  whole  of  this  gas  is 
evolved,  somewhat  suddenly,  at  a  white  heat, 
about  the  melting-point  of  porcelain.  The  pure 
metal  prepared  by  Mallet  only  evolved  about  ^  of 
this  amount  (C.  iSf.  42,  285).  It  appears,  there- 
fore, that  the  quantity  of  gas  absorbed  depends 
on  the  method  of  preparation.  The  presence  of 
this  gas  would  not  appreciably  affect  Mallet's 
determination  of  the  atomic  weight  of  aluminium 
from  the  metal. 

Chemical  Properties. —Vflien  heated  in  air, 
especially  at  a  white  heat,  aluminium  is  oxi- 
dised. The  presence  of  silicon  increases  the 
action,  and  when  this  is  present  in  considerable 


'  quantity,  the  alloy  burns  brilliantly,  forming  a 
silicate  of  aluminium.  In  foil,  however,  the 
metal  burns  readily  in  air  or  oxygen. 

Commercial  aluminium  is  rapidly  oxidised 
by  water  or  steam  at  high  temperatures.  Alu- 
minium leaf  slowly  decomposes  in  water  at 
100°  C,  becoming  finally  converted  into  the  trans- 
lucent hydrate  which  retains  the  form  of  the 
metal. 

According  to  Hinze  (D.  P.  J.  227,  277)  alu- 
minium, when  pressed  against  moist  platinum,' 
becomes  covered  with  alumina,  from  galvanic 
action  on  the  water. 

At  a  red  heat  sulphur  converts  aluminium 
into  the  sulphide ;  the  foil  burns  in  sulphur 
vapour.  Sulphuretted  hydrogen,  ammonium 
sulphide,  &c.,  are  without  action  upon  it. 
Aluminium  combines  with  phosphorus  but  not 
with  hydrogen.  It  combines  with  carbon,  and 
the  carbon  appears  to  exist  in  the  metal  as  a 
carbide,  as  in  iron  and  steel.  It  is  rapidly  at- 
tacked by  the  halogens  with  considerable  rise  of 
temperature. 

Dilute  sulphuric  acid  has  no  action,  even  in 
presence  of  other  metals  (De  la  Rive).  When 
much  silicon  is  present,  silicon  hydride  is 
evolved  and  the  metal  slowly  dissolves.  The 
cold  concentrated  acid  has  a  slight  action ; 
when  heated,  the  metal  is  rapidly  dissolved  with 
evolution  of  sulphurous  anhydride.  Cold  con- 
centrated or  dilute  nitric  acid  is  without  action  ; 
even  on  heating  solution  is  slow,  and  again 
ceases  on  cooling.  On  this  account  Hulot  has 
proposed  the  substitution  of  aluminium  for 
platinum  in  Grove's  battery. 

Pure  aluminium  is  attacked  by  hydrochloric 
acid.  The  commercial  metal  dissolves  readily 
in  dilute  or  concentrated  acid,  both  hot  and 
cold,  more  rapidly  in  strong  acid  or  when  the 
metal  is  very  impure.  At  a  very  low  tempera- 
ture gaseous  hydrochloric  acid  converts  the 
metal  into  the  chloride.    Corresponding  eiTects 

j  are  produced  by  aqueous  and  gaseous  hydro- 

i  bromic,  hydriodic,  and  hydrofluoric  acids. 

!  The  action  of  organic  acids  on  aluminium  is 
almost  inappreciable.  In  presence,  however,  of 
sodium  chloride  these  acids  have  a  slight  solvent 
action.  Under  like  circumstances,  tin  and 
copper  would  be  much  more  affected,  with  the 

I  production  of  injurious  salts,  while  the  salts  of 
aluminium  are  quite  harmless  and  are  almost 
entirely  precipitated  and  rendered  insoluble  on 
boiling. 

Perspiration,  being  acid,  has  no  apparent 
effect ;  saliva,  on  account  of  its  slight  alkalinity, 
■  acts  very  slowly.  Aluminium  tubes  have  been 
:  used  for  insertion  in  the  human  body  where 
much  purulent  matter  was  present,  without 
perceptible  corrosion. 

Aluminium  when  fused  with  potash  or  soda 
is  unaffected  even  at  a  dull  red  heat,  but  the 
superficial  silicon  is  removed ;  metal  so  treated 
takes  a  good  '  mat.' 

Solutions  of  caustic  alkalis  act  with  consider- 
able energy,  with  formation  of  an  aluminate. 
Calcium  hydrate  has  a  less  rapid  action. 

Dry  ammonia  gas  has  no  action  ;  solution  of 
ammonia  slowly  converts  the  metal  into  hydrate, 
and  a  portion  passes  into  solution. 

Pure  aluminium  is  less  acted  upon  by  most 
reagents  than  the  commercial  inetal  (Mallet). 
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Action  on  metanic  solutions. — Aluminium, 
especially  in  the  form  of  foil,  has  a  considerable 
action  on  many  salts  in  solution.  The  action  of 
sulphates  and  nitrates  is  usually  very  slow.  All 
chlorides,  except  those  of  the  alkalis  and  alka- 
line earths,  are  readily  decomposed,  even  alu- 
minium chloride  solution  dissolves  the  metal 
with  evolution  of  hydrogen.  Bromides  and 
iodides  have  corresponding  effects.  The  i^re- 
sence  of  sodium  or  other  chloride  in  solutions  of 
other  salts  much  facilitates  their  action. 

From  a  neutral  or  feebly  acid  solution  of 
silver  nitrate,  silver  is  precipitated  slowly  ;  from 
an  ammoniacal  solution  of  the  chloride,  silver  is 
rapidly  precipitated  as  a  crystalline  powder. 

From  the  nitrate  or  sulphate  of  copper,  pre- 
cipitation is  slow,  from  the  acetate  quicker, 
and  frorn  the  chloride  or  other  salt  in  presence 
of  sodium  chloride,  rapid  and  complete. 

Mercurous  salts  are  decomposed  with  forma- 
tion of  an  amalgam.  Lead  and  zinc  are  readily 
precipitated  {v.  also  Cossa,  Z.  [2]  6,  380  and 
413). 

Action  on  dnj  salts  and  oxides. —  The  action 
of  aluminium,  when  heated  with  certain  salts 
and  oxides,  is  peculiar,  and  shows,  especially  at 
high  temperatures,  the  tendency  of  this  metal  to 
form  aluminatos. 

It  is  not  affected  by  potassium  nitrate  except 
above  a  red  heat ;  it  is  then  rapidly  oxidised 
with  formation  of  potassium  aluniinate.  With 
alkaline  carbonates  combination  takes  place  at 
a  red  heat  with  separation  of  carbon,  and  with 
alkaline  sulphate  combination  takes  place  sud- 
denly at  redness  with  explosive  violence  ;  in  both 
cases  aluminates  are  formed. 

When  finely  divided  aluminium  is  mixed 
with  oxide  of  copper,  lead,  or  iron,  combination 
takes  place  at  a  ivldte  heat  only,  with  such  vio- 
lence as  frequently  to  shatter  the  crucible.  In 
the  case  of  lead  and  copper  oxides,  aluminates 
are  produced,  and  with  iron  an  alloy  of  iron  and 
aluminium  (Tissier). 

When  heated  with  silicates  or  borates,  alu- 
minium liberates  silicon  or  boron,  forming  an 
aluminate  with  the  base.  Fused  silver  chloride 
is  reduced  to  metal ;  zinc  is  reduced  from  its 
fused  cliloride,  whilst  magnesium  chloride  is 
not  affected  (Flavitzky,  B.  6,  195).  The  vapour 
of  mercuric  chloride  is  reduced  with  such  energy 
by  heated  aluminium  that  the  metal  fuses. 

I>c^fc/to».— Compounds  of  aluminium,  when 
heated,  moistened  with  solution  of  cobalt  nitrate, 
and  again  strongly  ignited,  produce  a  fine  sky- 
blue  colour  (Thcnard's  blue,  q.  v.,  art.  Cod.\lt). 

Aluminium  compounds  are  usually  colour- 
less. Silicates  and  other  compounds  insoluble 
in  acids  require  to  be  finely  powdered,  mixed 
with  4  parts  of  sodium  carbonate  or  fusion  mix- 
ture, and  ignited  strongly  in  a  platinum  crucible. 
The  aluminium  having  thus  become  converted 
into  sodium  aluminate,  is  dissolved  out  with 
hydrochloric  acid,  evaporated  to  dryness  to  render 
any  dissolved  silica  insoluble,  and  treated  with 
dilute  hydrochloric  acid  The  aluminium  is 
then  present  as  chloride. 

Aluminous  solutions,  on  addition  of  an  alkali, 
give  a  white  gelatinous  precipitate  of  hydrate, 
soluble  in  excess  of  the  precipitant  and  in  acids. 
Ammonia  produces  the  same  precipitate,  which 
is  only  slightly  soluble  in  excess,  and  is  entirely 


reprecipitated  on  boiling  off  the  excess  of 
ammonia. 

Estimation. — Aluminium  is  always  precipi- 
tated as  the  hydrated  oxide  Al,,03,3H.O. 

For  this  purpose  the  solution,  which,  in  pre- 
sence of  alkalis  or  alkaline  earths,  is  mixed 
with  excess  of  ammonium  chloride,  is  treated 
with  a  slight  excess  of  ammonia,  and  the  solu- 
tion boiled  until  the  free  ammonia  is  expelled. 
The  hydrate,  having  thus  become  totally  pre- 
cipitated, is  filtered,  well  washed,  dried  and 
ignited  in  a  platinum  crucible,  the  heat  being 
finally  raised  to  bright  redness  for  five  minutes 
over  the  blowpipe.  The  weighed  residue  consists 
of  anhydrous  oxide,  Al.^O^,  and  contains  53'39  p.c. 
of  aluminium.  The  separation  from  other 
metals  is  not  difficult.  The  heavy  metals  may 
be  precipitated  from  the  acid  solution  by  sulphu- 

i  retted  hydrogen,  leaving  the  aluminium  in  solu- 

;  tion,  whilst  the  precipitation  in   presence  of 

j  ammonium  chloride  in  excess  separates  it  from 
the  alkalis  and  alkaline  earths.  From  chro- 
mium and  iron  the  separation  is  less  simple. 
Chromium  may  be  separated  as  follows : — The 
precipitated  oxides  are  dried,  mixed  with  2 
parts  potassium  nitrate  and  4  sodium  carbonate 

:  in  a  platinum  crucible  and  fused.  Alkaline 
chromate  and  aluminate  are  thus  produced. 
The  mass  is  digested  with  wafer  and  a  small 
quantity  of  potassium  chlorate  and  hydrochloric 
acid  are  then  added,  and  the  solution  is  evapo- 
rated to  a  syrup,  with  occasional  addition  of 
potassium  chlorate  to  destroy  the  excess  of 
hydrochloric  acid  and  prevent  its  reducing 
action  on  the  chromate.  The  aluminium  in  the 
diluted  solution  is  precipitated  as  above  by 
ammonia,  leaving  the  chromate  in  solution. 

For  the  separation  from  iron,  the  precipitated 
hydrated  oxides  are  dissolved  in  the  minimum 
quantity  of  hydrochloric  acid  and  treated  with 
an  excess  of  i^n^  strong  potassium  hydrate 
solution,  boiled  for  a  few  minutes,  diluted, 
filtered  and  well  washed.  The  ferric  oxide  is 
thus  precipitated  and  separated  from  the  soluble 
alumina.  The  solution  and  washings  are  acidu- 
lated with  hydrochloric  acid  and  precipitated 

I  by  ammonia.  On  account  of  its  solvent  action 
upon  glass,  the  treatment  with  potash  should 
be  performed  in  a  porcelain  dish,  which  is  much 
less  attacked,  or,  preferably,  in  one  of  silver. 

Alloys.  Aluminium  unites  easily  with  most 
metals,  usually  with  evolution  of  heat.  The 
alloys  are  frequently  brittle  when  either  con- 
stituent is  in  excess.  Many  of  them  are  easily 
worked  and  possess  special  properties,  such  as 
resistance  to  corrosion,  hardness,  fine  quality 
of  colour,  great  tenacity,  ttc. 

The  malleability  of  aluminium  is  not  much 
impaired  by  the  addition  of  gold,  silver,  or  tin, 
but  the  presence  of  iron,  and  especially  of 
silicon,  is  very  injurious. 

With  silicon  aluminium  unites  in  almost  all 
proportions,  either  directly  or  by  its  action  on 
silicious  materials  ;  for  this  reason  the  fusion 
or  preparation  of  this  metal  should  not  be  per- 
formed in  any  silicious  crucible  in  presence  of  a 
flux.   The  presence  of  silicon  renders  aluminium 

i  brittle  and  much  less  permanent.  The  alloy 
containing  10  p.c.  silicon  is  grey  and  brittle. 

I  W()hler  has  prepared  an  alloy  containing  70  p.c. 
silicon,  which  still  appeared  metallic. 
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With  iron  the  alloys  are  of  especial  interest. 
The  presence  of  a  small  quantity  of  iron  is  very 
injurious  ;  it  renders  the  aluminium  crystalline, 
and  raises  the  melting-point.  The  alloy  con- 
taining 5  p.c.  of  iron  is  hard  and  brittle  ;  with 
8  p.c,  the  alloy  crystallises  in  needles  and  on 
heating  separates  into  a  more  liquid  alloy  con- 
taining but  little  iron  and  a  skeleton  very  rich 
in  that  metal.  Michel  (A.  115,  102)  has  prepared 
an  alloy  which  crystallises  in  six-sided  prisms, 
corresponding  to  Al._re. 

The  valuable  propeities  imparted  to  iron  and 
steel  by  the  presence  of  a  small  quantity  of 
aluminium  have  long  been  known ;  Faraday 
(Quarterly  Journ.  Eoy.  Inst.  1819,  2'JO)  found 
from  0-013  to  0-0G9  p.c.  of  aluminium  in  certain 
samples  of  Bombay  wootz,  though  it  has  been 
shown  by  Henry  and  others  that  this  metal  is 
not  always  present.  About  the  same  time 
S.  B.  Sogers  show-ed  the  presence  of  alummium  in 
some  of  the  best  quality  of  pig-iron  made  in  South 
Wales,  and  found  that  a  steel  to  which  0-8  p.c. 
of  aluminium  had  been  added  in  the  form  of  an 
alloy  with  iron,  was  rendered  harder  and  stronger 
and  resembled  the  best  wootz  (llogers.  Metal- 
lurgy, 1858,  14).  A  superior  steel  was  prepared 
by  Sir  Charles  Knowles,  which  was  stated  to 
owe  its  value  to  the  use  of  kaolin  and  conse- 
quent introduction  of  aluminium  into  the 
metal  in  its  preparation  (Mining  Journal,  1859, 
118). 

Messrs.  Cowles  Bros,  have  exhibited  a  Sie- 
mens-Martini basic  steel  containing  0-2  p.c. 
aluminium,  which  welds  with  iron  and  shows  no 
mark  at  the  junction. 

The  addition  of  aluminium  to  iron  or  steel 
for  the  production  of  '  mitis  castings  '  has  been 
■patented  by  P.  Ostberg  (Engineering,  1836,  360). 
Iron  and  steel,  especially  at  temperatures  far 
above  the  melting-point,  absorb  considerable 
quantities  of  gas,  which  impairs  the  value  of  the 
castings.  If  is  stated  that  the  addition  of  0'05 
or  0-1  p.c.  of  aluminium  in  the  form  of  an  alloy 
of  iron  containing  7  or  8  p.c.  of  aluminium  to 
the  fused  iron  or  steel  lowers  the  melting-point 
by  300°  to  500°  F.,  prevents  the  absorption  of 
gas,  and  considerably  increases  the  fluidity.  The 
metal  can  then  be  easily  cast.  Small  castings 
only  have  at  present  been  produced  ;  they  are 
stated  to  resemble  ■wrought  iron,  to  be  free  from 
flaws,  to  require  no  annealing,  and  to  have 
gained  30  to  50  p.c.  of  additional  tenacity. 

With  copper,  aluminium  unites  in  all  propor- 
tions. The  presence  of  a  small  quantity  of 
copper  increases  the  hardness  ;  with  3  p.c.  cop- 
per (he  metal  is  whiter  than  aluminium  and 
more  easily  worked ;  with  5  p.c.  the  alloy  is 
about  as  hard  as  standard  silver.  The  alloy  con- 
taining from  30  to  40  ji.c.  copper  is  brittle,  very 
hard,  and  crystalline  ;  a  further  addition  of  that 
metal  again  reduces  the  hardness.  With  30  p.c. 
of  aluminium  tlie  alloy  is  hard  and  unworkable  ; 
that  containing  20  p.c.  is  yellowish-white,  and 
may  be  pulverised  in  a  mortar.  Alloys  contain- 
ing 10  p.c.  or  less  of  aluminium  are  all  valuable, 
being  hard,  tenacious,  and  easily  worked.  The 
7  p.c.  alloy  is  the  colour  of  '  green  gold ' ;  that 
containing  5  p.c.  is  more  easily  tarnished  ;  the 
presence  of  even  1  p.c.  of  aluminium  renders 
copper  harder,  more  fusible,  and  more  easily 
worked.     Messrs.  Bell  Bros,  give  the  sp.gr.  of 


these  alloys  as  3  p.e.  aluminium,  8-691 ;  4  p.c, 
8-621 ;  5  p.c,  8-369  ;  10  p.c,  7-689. 

Aluminium  bronze.  Of  tliese  alloys  the  most 
important  is  that  containing  10  j).c.  aluminium, 
known  as  'aluminium  bronze.'  It  corre- 
sponds to  the  compound  AlCu,,,  and  was  first 
prepared  by  Percy.  It  appears  to  be  a  true  com- 
pound, for  on  the  addition  of  a  bar  of  aluminium 
to  copper,  fused  in  a  plumbago  crucible,  com- 
bination at  once  commences,  and  the  temperature 
rises  to  whiteness. 

For  the  production  of  the  best  bronze  both 
the  aluminium  and  copper  should  be  of  the 
greatest  possible  jjurity.  The  impurities  present 
in  commercial  copper  lower  the  value  of  the 
alloy  considerably.  When  first  prepared  it  is  very 
brittle,  but  becomes  malleable  after  being  fused 
two  or  three  times. 

Aluminium  bronze  is  of  a  bright  golden 
colour,  of  sp.gr.  7-689,  i.e.  about  that  of  wrought 
iron  ;  it  takes  a  fine  polish,  and  casts  well.  It  is 
less  acted  upon  by  sulphurous  gases  and  by 
vegetable  acids  and  ordinary  reagents  than 
other  alloys  of  copper  (v.  Proctor,  C.  N.  4,  5). 
It  is  malleable  at  all  temperatures,  but  requires 
frequent  annealing  if  worked  when  cold.  The 
tensile  strength  of  the  best  hammered  aluminium 
bronze  is  equal  to  that  of  good  steel ;  indeed, 
it  is  stated  by  many  to  surpass  steel  in  that 
respect.  According  to  Anderson  its  tenacity  is 
about  96,000  lbs.  per  square  inch,  whilst  that  of 
the  best  gun-metal  is  35,000  lbs.,  steel  varying 
from  67,000  to  114,000  lbs.  It  has  great  power 
of  resisting  pressure,  standing  midway  between 
the  best  steel  and  iron.  Under  a  pressure  of  59 
tons  per  square  inch  it  became  distorted,  but 
showed  no  sign  of  fissure.  Its  rigidity  is  3  times 
that  of  gun-metal,  44  times  that  of  brass ;  it  is 
slightly  less  affected  by  change  of  temiierature 
than  those  metals  (Strange,  P.  M.  24,  508). 

On  account  of  its  valuable  properties,  its 
lightness  and  beauty,  aluminium  bronze  may  be 
applied  to  an  immense  variety  of  purposes,  its 
universal  application  being  only  retarded  by  its 
present  high  price.  It  is  excellent  for  forging, 
casting,  making  tubes,  Ac.  For  the  journals  of 
machines  it  is  superior  to  gunmetal ;  for  phy- 
sical and  other  delicate  apparatus  it  is  unsur- 
passed, both  from  its  low  sjs.gr.  and  its  resistance 
to  corrosion. 

The  addition  of  nickel,  zinc,  bismuth,  tin, 
&c.,  to  this  metal  produces  bronzes  useful  for 
special  purposes.  Hercules  metal,  containing 
copper,  nickel,  and  a  little  aluminium  ;  argcntan, 
and  mmargcnt,  are  alloys  of  this  type.  With  a 
certain  i)roportion  of  silicon  the  tenacity  of 
aluminium  is  said  to  be  increased. 

A  corresponding  improvement  is  effected  by 
the  addition  of  aluminium  to  brass.  An  alloy 
containing  aluminium  2-5  p.c,  copper  70  p.c, 
and  zinc  27-5  p.c,  is  said  to  show  nearly  double 
the  tenacity  and  considerably  more  than  double 
the  elongation  of  ordinary  cast  brass. 

The  presence  of  tin  in  aluminium  renders  it 
more  fusible  and  brittle.  According  to  Bour- 
bouze  (C.  K.  102,  1,317)  an  alloy  of  aluminium 
100,  and  tin  10  is  strong,  easily  worked,  may  be 
soldered  as  easily  as  brass,  is  whiter  and  less 
affected  by  reagents  than  aluminium,  and  is 
very  suitable  for  parts  of  optical  instru- 
ments.   Its  sp.gr.  is  2-85.    The  addition  of  alu- 
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minium  to  tin  increases  its  hardness  and  tenacity. 
The  alloys  containing  5,  7,  and  9  p.c.  of  alu- 
minium are  all  easily  worked  and  soldered.  A 
larger  proportion  of  aluminium  is  liable  to  sepa- 
rate out  on  meltmg. 

The  presence  of  zinc  in  aluminium  renders 
it  brittle  and  more  fusible.  The  alloy  contain- 
ing H  p.c.  of  zinc  is  brilliant  in  appearance  and 
harder  than  aluminium.  With  25  -p.c.  of  alu- 
minium the  grain  is  fine  and  even  ;  with  30  p.c. 
of  that  metal  the  alloy  is  crystalline  and  brittle. 

Aluminium  combines  in  all  proportions  with 
cadmium,  forming  malleable  fusible  alloys. 

Small  quantities  of  silver  increase  the  hardness 
and  elasticity  and  lower  the  melting-point 
without  rendering  aluminium  brittle.  The  alloy 
containing  4  p.c.  silver  has  been  used  for  the 
beams  of  delicate  chemical  balances.  When  the 
addition  exceeds  5  or  (j  p.c.  the  metal  becomes 
brittle ;  the  50  jj.c.  alloy  is  as  hard  as  bronze, 
but  very  brittle.  '  Tiers  argent '  consists  of  1 
part  silver  and  2  parts  aluminium ;  it  is  of 
considerable  hardness,  and  is  used  for  table- 
spoons etc.  The  addition  of  5  p.c.  of  aluminium 
-to  silver  renders  it  as  hard  as  standard  silver  and 
very  permanent. 

The  presence  of  aluminium  in  gold  consider- 
ably alters  its  properties.  The  addition  of  0'18G 
p.c.  of  aluminium  to  ])ure  gold  increases  the 
tensile  strength  from  7  tons  to  8-87  tons  per 
square  inch,  a  greater  increase  than  is  produced 
by  the  same  amount  of  any  other  metal  (Roberts- 
Austen,  Roy.  8oc.  Kep.  April  1888;  C.  N.  1888, 
V.  57,  p.  133).  With  1  p.c.  aluminium  the  gold 
has  the  colour  of  'green  gold,'  is  hard  but  easy 
to  work  ;  with  5  p.c.  aluminium  it  is  white  and 
extremely  brittle,  and  with  10  p.c.  white,  brittle, 
and  crystalline.  Aluminium  containing  10  p.c. 
of  gold  is  white  and  hard. 

Nickel  and  aluminium  combine  with  incan- 
descence when  heated  together.  The  presence 
of  under  3  p.c.  of  nickel  lowers  the  melting-point 
and  increases  the  hardness  and  elasticity. 
Further  addition  renders  the  metal  brittle. 

Pure  aluminium  combines  with  mercury  al- 
though not  readily  when  the  metals  are  heated 
together  in  an  inert  gas  such  as  carbonic  an- 
hydride. The  two  metals  combine  rapidly  in 
presence  of  alkalis.  The  amalgam  may  also  be 
produced  by  electrolysis  of  mercuric  nitrate, 
using  a  negative  plate  of  aluminium,  dipping  in 
mercury.  When  aluminium  is  rubbfd  with 
wash  leather  impregnated  with  mercury,  com- 
bination occurs  ;  the  surface  rapidly  oxidises,  and 
becomes  heated,  with  formation  of  concretions  of 
alumina  (Jehn  and  Hinze,  B.  7,  1,498).  The 
amalganr  oxidises  rapidly,  especially  in  moist  air 
or  in  water,  with  formation  of  white  alumina  and 
separation  of  mercury.  According  to  Hinze 
(D.  P.  .T.  227,  277)  this  oxidation  does  not  take 
place  in  dry  air,  and  is  due  to  a  galvanic  action 
on  the  water. 

Alloys  of  bismuth  with  aluminium  are  hard 
and  brittle.  With  antimony  and  lead  aluminium 
does  not  unite,  although  traces  of  lead  are  fre- 
(piently  present  in  commercial  aluminium. 

Sodium  unites  readily  with  aluminium.  The 
last  traces  of  sodium  are  difficult  to  remove, 
especially,  it  is  said,  when  the  metal  has  been 
reduced  from  cryolite.  The  alloys  are  easily 
attacked  by  moisture,  and  burn  in  the  air,  with 


oxidation  both  of  the  aluminium  and  sodium  ; 
that  containing  2  p.c.  of  sodium  decomposes 
water  with  ease.  The  necessity  of  thoroughly 
removing  the  whole  of  the  sodium  in  the  purifi- 
cation of  aluminium  is  therefore  obvious. 

Aluminium  also  unites  with  wia;i(/a)W'se  ;  with 
plntinum  it  unites  easily,  forming  fusible  alloys. 
With  boron  aluminium  unites  in  varying  pro- 
portions. The  so-called  '  adamantine  '  and  '  gra- 
phitic '  boron  appear  to  be  boridcs  of  aluminium 
(Hampe,  A.  1870,  75  ;  and  Dcville  and  Wuhlcr, 
ibid.  18G7,  208),  v.  Boron. 

Mallet  (C.  J.  1876,  ii.  350)  has  prepared  a 
nitride  of  aluminium  in  small  crystals  hard 
enough  to  scratch  glass. 

Forfurther  information  respecting  aluminium 
and  its  alloys,  v.  St.  Claire  Deville,  L'.'Vlu- 
minium,  Paris,  1059  ;  and  lleports  on  the  Paris 
Exhibition,  18C2,  vol.  i.  101-114;  C.  and  A. 
Tissier,  L'Aluminium,  Paris,  1874;  Micrzinski, 
Die  Fabrikation  des  Aluminiums,  Berlin,  1SS5  ; 
J.  W.  Eichards,  Aluminium  and  its  Alloys,  Lon- 
don, 1887. 

Aluminium  oxide  Alumina  Al.O,. 

Aluminium  forms  only  one  oxide,  Al  ,0.,,  cor- 
responding to  and  isomorphous  with  the  ses- 
quioxides  of  iron  and  chromium. 

This  oxide  occurs  native,  colourless  as 
hyaline,  corundum,  or  coloured  by  metallic 
oxides,  as  ruby,  sapphire, oriental  topa^,  &c.  (q-r.). 
Very  impure,  dark,  and  usually  associated  with 
magnetite  and  luvmatitc,  it  occurs  in  large 
boulders  in  many  districts  and  is  used  as  a 
grinding  and  polishing  material  in  the  form  of 
emery  (q.  ?'.).  The  native  oxide  crystallises  in  the 
rhombohedral  system ;  in  hardness  it  comes 
next  to  the  diamond.  The  finely-coloured 
specimens  are  used  as  gems.  It  occurs  almost 
pure  in  considerable  quantities  in  the  Alleghanies 
in  Northern  Georgia. 

It  may  be  prepared  by  the  ignition  of  alu- 
minium foil  in  air  or  oxygen  ;  the  oxide  so  jiro- 
duced  is  fused  and  as  hard  as  corundum. 

Amorphous  alumina  may  be  produced  by 
ignition  of  the  precipitated  hydrate,  pure  alu- 
minium sulphate  or  ammonia  alum  :  in  either 
case  alumina  alone  is  left. 

It  is  white  and  soft,  but  becomes  hard  on 
strong  ignition.    According  to  H.  Hose  (P.  A. 
!  74,  430)  the  sp.gr.  of  the  oxide  after  heating 
over  a  spirit  lamp  is  3'725 ;   its  density  may 
be  raised  to  4,  just  about  that  of  corundum,  by 
j  ignition  in  a  porcelain  furnace,  but  it  still  re- 
I  mains  amorphous. 

When  alumina  is  ignited  with  a  salt  of  cobalt 
j  a  fine  blue  colour  is  produced  which  is  used  as  a 
pigment  {v.  Tlicnard's  blue,  art.  Cobalt). 

When  heated  by  the  oxyhydrogen  blow-pipe, 
alumina  melts  and  crystallises,  the  additio]i  of 
;  chromium  oxide  or  a  chromate  imparts  a  ruby 

colour  to  the  crystals. 
I       Fremy  and  Verneuil  (C.  E.  1888,  500)  have 
prepared  line  artificial  rubies  by  heating  to  red- 
ness a  mixture  of  barium  fluoride  and  alumina 
containing  a  trace  of  iJotassium  bichromate.  The 
heat  requires  careful  management.    Fine  rubies 
are  thus  formed  in  a  friable  matrix  which  may 
be  separated  by  agitation  with  water.    By  former 
:  methods  the  matrix  was  hard  and  difficult  to  re- 
I  move  (Fremy  and  Fell,  C.  E.  1877,  1,02!),  and 
18S7,  737).    The  crystals  contain  no  barium, 
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easily  scratch  the  topaz  and  possess  the  form 
and  properties  of  natural  rubies ;  their  crystalline 
form  has  been  determined  by  Descloiseaux  (C.  R. 
1888,  5G7).  By  the  addition  of  a  little  cobalt  ox- 
ide before  the  fusion,  sapphires  may  be  produced. 

Alumina  is  soluble,  on  strong  ignition,  in 
boric  oxide ;  the  latter  may  be  driven  off  at  an 
elevated  temperature  leaving  crystalline  alumina. 
By  the  addition  of  the  proper  oxides  the  corre- 
sponding aluminates  may  be  produced,  such  as 
spinel  (magnesium  aluminate),  and  others, 
colourless  or  coloured  by  oxide  of  cobalt  (blue), 
of  chromium  (red),  and  of  iron  (black)  (Ebelmen, 
A.  Ch.  3,  22,  211  and  33,  p.  34). 

Alumina  is  not  affected  by  heat ;  nor  by 
chlorine,  except  in  presence  of  carbon.  In  any 
form  it  is  converted  into  sodium  aluminate  by 
ignition  with  caustic  soda  and  into  sulphate  by 
fusion  with  potassium  bisulphate. 

Hydrated  oxides.  Alumina  occurs  in  three 
states  of  hydration,  the  mono-,  di-,  and  tri- 
hydrates.  The  hydrate  occurs,  usually  with 
corundum,  as  diasporc  ALO.jH^O  and  in  the  im- 
portant mineral  bauxite.  Alum-clay  may  also 
be  included  among  the  hydrates ;  it  contains 
aluminium  silicate  in  addition. 


Bauxite  occurs  at  Beaux  in  France,  at 
Feistritz  in  Austria,  and  in  a  clay-like  form  at 
Wochein  in  Styria,  known  as  Wochsinitc.  Its 
most  important  locality  is  Irish  Hill  near  Larne 
in  Co.  Antrim,  Ireland,  where  it  occurs  with 
lignite  in  the  iron  measures.  It  is  found  in  threa 
layers,  the  first  from  four  to  seven  feet  thick,  the 
second  of  about  equal  thickness  beneath  a  layer 
of  basalt,  and  the  third  about  forty  feet  thick 
containing  much  iron. 

Bauxite  always  contains  ferric  oxide,  but  the 
finest  or  '  Gertrude  '  quality  from  Irish  Hill  is 
nearly  as  free  from  iron  as  good  china  clay. 
Bauxite  is  very  largely  used  for  the  preparation 
of  aluminium  sulphate  and  of  sodium  aluminate. 
The  varieties  used  for  the  preparation  of  alu- 
minium are  known  as  'aluminium  ore.'  It  is 
also  used,  mixed  with  tire-clay,  dolomite  or 
magnesite,  as  a  fire-resisting  material.  With 
clay,  sodium  silicate,  &c.,  it  forms  a  valuable 
lining  for  furnaces  such  as  Siemens's  rotary 
furnace.  When  heated,  it  becomes  extremely 
hard  and  is  used  as  artificial  emery.  The 
following  analyses  show  the  composition  of 
bauxite  from  Beaux,  Wochein,  Feistritz,  and  co. 
Antrim,  Ireland : — 


Beaux 

Woohem 

Feistritz 

Irish 

Deville 

Drechs'er 

Schnitzer 

Siemens 

Al.,0,  .... 

EeA  .... 

SiO  

Na.O-i  K,0  .  . 
H,6  .... 
TiO,  .... 

CO 
25 
3 

12 

75 
12 
1 

12 

Dark 
coloured 
03-16 
23-55 
4-15 
0-70 
8-34 
trace 

Liglit 
coloured 
72-87 
13-49 
4-25 
0-78 
8-50 
trace 

Reddish 
brown 
44-4 
30-3 
150 

9-7 

Yellow 
54-1 
10-4 
120 

21-9 

Wliite 
04-6 
2-0 
7-5 

24-7 

Raw 
35-0 
380 
3-5 

21-5 
2-0 

Calcined 
44-48 
43-0 
4-45 

2-54 

The  following  analyses  by  Leop.  Mayer  and  O.  Wagner  (D.  P.  J.  248,  213)  show  that  the  ap- 
pearance of  bauxite  cannot  be  relied  on  as  a  criterion  of  its  value.  The  origin  of  the  samples  is 
not  given. 


Appearance 

Hygroscopic 
moisture 

Combined 
water 

SiOa 

MnO, 

CaO 

MgO 

P,0, 

1 

Pure  white  .  . 

2-33 

13-86 

29-80 

3-67 

44-76 

2-75 

0-84 

1-47 

2 

Yellow     .    .  . 

1-03 

27-85 

43-22 

14-39 

10-43 

1-61 

1-13 

3 

1-30 

27-70 

50-38 

11-C8 

8-34 

trace 

trace 

trace 

0-61 

4 

Red  .... 

1-34 

23-12 

33-86 

25-09 

12-41 

2-42 

trace 

0-53 

5 

1-31 

23  81 

40-18 

22-05 

4-82 

0-89 

0-66 

6 

0-95 

20-83 

62-10 

6-11 

5-00 

2-01 

3.20 

trace 

trace 

7 

1-17 

4-75 

21-80 

3-75 

60-10 

600 

2-49 

trace 

Other  analyses  of  bauxite  and  of  alum  clay 
are  given  under  Aluminium  sulphate. 

Aluminium  trihyJrate  A1^0,3H.O  or  Al,(HO),j. 
This  compound  is  the  ordinary  hydrated  oxide 
precipitated  by  the  addition  of  an  alkali  to  a 
solution  containing  an  aluminium  salt.  In  its 
preparation  from  insoluble  minerals  a  solution 
of  sodium  aluminate  is  usually  first  produced, 
from  which  the  oxide  is  then  precipitated  by 
carbon  dioxide.  Its  preparation  in  this  manner 
has  already  been  described  (pp.  04  ct  scq.).  When 
freshly  precipitated,  it  is  a  white  gelatinous  solid 
which  loses  a  portion  of  its  water  at  lOO'C.  and 
becomes  soft  and  friable  ;  this  water  is  partially 
reabsorbed  with  formation  of  a  stiff  paste  on 
addition  of  water.    At  a  strong  red  heat  it  be- 


comes anhydrous  and  contracts  considerably. 
The  hydrate  is  easily  soluble  in  acids  and  in 
caustic  alkali. 

When  boiled  with  water  containing  one  drop 
of  a  1  p.c.  solution  of  alizarin,  the  hydrate 
assumes  a  bright-red  colour,  not  removed  by  a 
weak  solution  of  acetic  acid.  This  test  easily 
distinguishes  it  from  gelatinous  silica. 

Aluminium  hydrate  possesses  a  powerful 
affinity  for  many  organic  substances,  and  com- 
bines with  a  large  number  of  colouring  matters, 
precipitating  them  entirely  as  lakes.  On  this 
property  depends  the  use  of  alum  mordants  (red 
liquor,  etc.).  They  precipitate  the  hydrate  upon 
the  fibre  of  the  goods  to  be  dyed,  and  this  is  the 
mordant  or  fixing  agent  which  retains  the  colour. 
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Sodium  aluminate  Al  .OjSNa.O  or  Al.,(NaO)5. 
This  salt  is  now  prepared  on  a  large  scale,  both 
to  be  used  as  such  and  as  an  intermediate  pro- 
duct in  the  preparation  of  the  sulphate  and  other 
Ealts  of  aluminium. 

Its  formation  depends  upon  the  property 
possessed  by  alumina  of  acting  as  an  acid  in  pre- 
sence of  a  powerful  base. 

Its  preparation  from  bauxite  has  been  de- 
scribed on  page  64.  It  may  also  be  produced 
by  passing  a  current  of  steam  through  a  heated 
r.iixtvre  of  bauxite  and  common  salt,  and  by 
the  ignition  of  a  mixture  of  bauxite,  sodium 
sulphate,  and  carbon,  but  in  the  latter  case  its 
purification  from  the  sodium  sulphide  simul- 
taneously produced  is  difficult.  It  is  also  formed 
in  the  preparation  of  soda  from  cryolite.  Accord- 
ing to  Thomsen's  method,  powdered  cryolite  is 
ignited  at  a  red  heat  with  chalk,  forming  sodium 
aluminate  and  calcium  fluoride  :  — 
Al.l'VjNaF  +  OCaCO;,  =  Al,(NaO),  +  GCaR,  -f  6C0,. 
The  mass  produced  is  lixiviated  with  water  and 
filtered.  From  this  aluminate  the  hydrate  is 
jirecipitated  by  carbon  dioxide  with  formation 
of  sodium  carbonate  : — 

Al_,(NaO),  +  SCO,  +  311  O  =  Al,_(OII),-h  3Na,C0,. 
The  hydrate  is  usually  made  into  aluminium 
sulphate  by  solution  in  sulphuric  acid  or  it  is 
converted  into  alum. 

An  entirely  different  process  has  been  intro- 
duced by  Hauerwein.  The  finely  powdered  cryolite 
is  boiled  with  milk  of  lime  forming  aluminate  as 
before  : — 

Al,r,6NaF  +  6CaO  =  Al,(NaO),  -f  6CaF.,. 
For  the  conversion  of  the  aluminate  into  oxide 
Sauerwein  applies  a  peculiar  property  possessed 
by  that  salt  which  shows  the  readiness  with 
which  alumina  loses  its  acid  properties  and  again 
becomes  basic.    Sodium  aluminate,  when  mixed 
in  equivalent  proportions  with  any  haloid  salt  of 
aluminium,  is  decomposed ;  the  sodium  combines  I 
with  the  halogen  while  the  whole  of  the  alu-  j 
minium  is  precipitated  as  hydrate.   On  the  large 
scale  the  haloid  salt  used  is  cryolite.  The  finely 
powdered  mineral  is  stirred  into  the  clear  liquid 
from  the  previous  operation,  and  the  alumina 
precijjitated  as  hydrate: — 

Al.,(NaO)„  +  Al.,F„t5NaF  +  mfi 
=  2AL(0H),, -r  12NaF. 

Sodium  aluminate  is  a  white,  infusible, 
amorphous  solid,  easily  soluble  in  both  cold  and 
hot  water.  The  concentrated  solution  rapidly 
deposits  alumina,  leaving  in  solution  a  basic 
aluminate,  which  on  evaporation  is  obtained  as 
a  fusible  and  hygroscopic  mass.  The  addition 
of  any  acid  at  once  decomposes  it  with  precipita- 
tion of  alumina.  This  alumina  is  pure  and  free 
from  alkali,  which  is  never  the  case  when  alkaline 
precipitants  have  to  be  used.  It  may  be  used  as 
a  mordant  in  dyeing  and  calico  printing,  but  an  I 
acid  and  not,  as  in  the  case  of  alum,  an  alkaline  j 
bath  must  be  used.  For  the  production  of  lakes 
the  colouring  matter  is  mixed  with  the  aluminate 
solution  and  precipitated  by  the  addition  of  sul- 
phuric acid.  According  to  Morin  these  lakes 
are  richer  than  those  obtained  from  alum  and  are 
produced  at  about  one  half  the  cost. 

Potassium  aluminate  Aip.|3K,0  or  Al,(KO)s 
is  obtained  in  hard  glistening  crystals  when 
alumina  is  fused  with  potash,  the  mass  boiled 
in  water  and  evaporated  in  vacuo. 


Aluminium  chloride  AI.,C1„.  This  compound 
was  first  prepared  in  1821  by  Oersted,  by  passing 
chlorine  over  a  mixture  of  alumina  and  charcoal 
heated  to  redness.  The  method  and  apparatus 
resemble  that  used  in  the  preparation  of  the 
double  chloride,  omitting  the  sodium  chloride. 

According  to  P.  Curie  (0.  N.  28,  307)  it 
may  be  easily  jarepared  as  follows: — Anhydrous 
alumina,  or,  less  satisfactorily,  clay,  is  strongly 
heated  in  a  tube  and  subjected  to  a  current  of 
hydrochloric  acid  impregnated  with  carbon  bisul- 
phide by  bubbling  through  that  liquid.  Alu- 
minium sulphide  appears  to  be  formed  and  at 
once  decomposed  by  the  hydrochloric  acid  yield- 
ing aluminium  chloride  and  sulphuretted  hydro- 
gen. The  condensed  chloride  may  be  freed  from 
sulphur  by  distillation  with  iron  "filings. 

A  solution  of  the  chloride  may  be  obtained 
by  dissolving  the  hydrate  in  hydrochloric  acid. 

The  pure  anhydrous  chloride  is  a  white,  waxy, 
crystalline  solid  ;  in  presence  of  a  trace  of  iron 
it  becomes  yellowish.  On  heating  it  volatilises 
without  fusion.  If  large  pieces  be  quickly  heated 
they  fuse  and  boil  at  180°  to  185'""C.  (Liebig).  It 
is  very  hygroscopic,  and  evolves  hydrochloric  acid 
on  exposure  to  the  air  ;  easily  soluble  in  water  ; 
soluble  in  alcohol  and  ether.  When  deposited 
from  a  solution  in  hydrochloric  acid,  it  forms 
crystals  of  the  formula  A1.X!L,12H,0. 

It  absorbs  ammonia  and  combines  with 
many  metallic  chlorides,  forming  double  chlor- 
ides, the  most  important  being  that  with  sodium. 
Aluminium  chloride  has  been  recommended  by 
Filsinger  (C.  Z.  10,  1,270)  for  the  preservation 
of  wood,  and  by  Saget  (C.  N.  4.5,  113)  and  others 
(S.  C.  I.  1882,  185  and  230)  for  the  production 
of  a  discharge  on  indigo  blue.  An  impure 
chloride  containing  calcium  and  sodium  salts  is 
stated  to  be  largely  used  as  a  disinfectant  under 
the  name  '  Chlor  Alum.' 

Double  chloride  of  alumiaium  and  sodium 
AL,Cl,,2NaCl.  This  compound  may  be  pro- 
duced by  fusing  together  the  proper  proportions 
of  aluminium  and  sodium  chlorides.  Its  com- 
mercial preparation  has  been  fully  described 
on  page  (il.  It  is  a  colourless  crystalline 
solid,  melting  at  185*^0.  (Deville)  and  volatilis- 
ing at  a  red  heat.  It  is  slightly  hygroscopic, 
but  much  less  so  than  aluminium  chloride ;  it 
is  also  more  stable  and  more  satisfactory  in  use 
than  that  substance,  and  gives  up  nearly 
the  whole  of  its  aluminium  when  reduced  by 
sodium. 

Aluminium  bromide  Al,Er„  is  most  readily 
prepared  by  the  action  of  bromine  on  metallic 
aluminium.  The  action  is  violent,  and  the  metal 
should  only  be  added  gradually.  A  lump  of 
aluminium  weighing  twenty  grams  became 
strongly  heated  and  even  fused  on  being  placed 
in  cold"  bromine  (Mallet,  T.  171,  1,018). 

It  may  also  be  prepared  by  the  action  of 
bromine  on  a  strongly  heated  mixture  of  alumina 
and  carbon,  and,  in  solution,  by  dissolving  the 
hydrate  in  hydrobromic  acid.  It  crystallises  in 
colourless  shining  lamina',  which  melt  at  93°C. 
(Deville  and  Troost)  and  boil  at  203-3'-C.  (at  747 
mm.)  (Mallet). 

Like  the  chloride,  it  forms  a  double  bromide, 
Al,Br„2KBr. 

Aluminium  iodide  A1,I„  may  be  prepared  by 
heating  aluminium  with  iodine  in  a  closed  tube. 
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It  melts  at  about  185°  (Weber)  and  boils  at 
350°C.  (Deville  and  Troost) ;  its  vapour  is  com- 
bustible. It  dissolves  in  water,  alcohol,  and 
carbon  disulphide. 

Aluminium  fluoride  Al.^P,;,  may  be  prepared 
by  the  action  o£  gaseous  silicon  fluoride,  or  of 
hydrofluoric  acid  upon  aluminium.  It  forms 
transparent  rhombohedra,  volatile  at  a  red  heat, 
insoluble  in  water  and  unacted  upon  by  acids. 
In  solution  in  hydrotluoric  acid,  it  appears 
to  form  the  compound  Al.,r^,CHF,  correspond- 
ing to  the  double  fluoride  of  aluminium  and 
sodium. 

Cryolite  AloFj,6NaF.  This  important  com- 
pound may  be  prepared  artificially.  It  occurs 
in  quantity  only  in  one  locality,  in  a  large  vein 
in  the  gneiss  at  Ivigtuk,  in  Greenland. 

It  is  a  semi-transi^arent,  white,  crystalline, 
brittle  solid,  which  melts  at  the  edges  in  a 
candle  flame.  Its  hardness  is  2-5  to  3 ;  its 
sp.gr.  2-95.  When  impure  it  is  frequently 
yellowish-red  or  even  black. 

Cryolite  is  used  as  a  flux  in  the  manufacture 
of  aluminium  ;  for  making  salts  of  sodium  and 
aluminium;  and  formerly,  for  the  manufacture 
of  an  opaque,  porcelain-like  glass.  See  further, 
Benzon  (Hoffmann's  Ber.  Entw.  Chem.  Ind.  [1], 
600). 

Alnminium  sulphide  AL.S^,  may  be  prepared 
by  the  action  of  a  strong  heat  on  a  mixture  of 
aluminium  and  sulphur,  or  by  heating  alumina 
to  bright  redness  in  the  vajjour  of  carbon  bi- 
sulphide. It  forms  a  yellow,  glassy  mass,  which 
fuses  with  difficulty,  and  burns  in  air  with  pro- 
duction of  alumina  and  sulphur  dioxide.  It  is  at 
once  decomposed  by  water. 

Aluminium  sulphate  Al,0,3SO.„18H,0,  or 
Al„(SO,)3l8H^O.  Aluminium  sulphate  occurs 
naturally  in  considerable  quantities.  As  aln- 
nogcn,  haloirichite,  or  hair  salt,  it  is  found 
as  hydrated  sulphate  containing  ferrous  oxide 
in  volcanic  districts,  at  Bilin  in  Bohemia, 
Copiapo  in  Chili,  &c.  It  also  occurs  in  pyritic 
shale.  A  sample  of  feather  alum  from  Fries- 
dorf,  Bonn,  analysed  by  Eose,  gave  SO.,  37'4 
p.c,  Al.Oj  14-9  p.c,  FeO  2-5  p.c,  H,0  45-2  p.c, 
with  traces  of  K,  Na,  Mg,  and  SiO^ 

Ahmiinite  has  been  found  at  Miihlhausen, 
Bohemia,  of  the  composition  A1„0.,S0.„9H_,0. 

It  occurs  in  large  quantities  as  a  hydrated 
double  sulphate  of  aluminium  and  potassium  in 
alum-stone,  alunitc  or  alum  rock,  in  seams  in 
volcanic  rocks,  at  Tolfa  near  Civita  Vecohia ;  at 
Puy-de-D,  me  ;  in  hard  masses  in  Hungary,  and 
in  many  other  localities.  It  usually  occurs  in 
fibrous  compact  masses  in  trachyte,  of  colour 
varying  from  white  to  red  or  brown,  being  pro- 
duced by  the  action  of  sulphurous  gases  upon 
trachytic  rocks  rich  in  felspar. 

The  alunite  from  Tolfa  contains  from  32  p.c. 
to  17'5  p.c.  alumina.  According  to  Guyot  (C.  E. 
95,  693)  the  average  composition  is — Alumina 
27'6,  sulphuric  acid  29-74,  potash  7'5o,  water 
11-20,  iron  1-20,  silica  22-70. 

Large  deposits  of  white  and  semitransparent 
alunite  are  said  to  occur  in  Gloucester,  New 
South  Wales,  yielding  alum  perfectly  free  from 
iron  on  calcination  andlixiviation  (Emerson  Mac- 
Ivor,  C.  N.  1888,  G4). 

Aluminium  sulphate  may  be  produced  by 
solution  of  the  hydrated  oxide  or  silicate  in 


sulphuric  acid.  It  is  largely  prepared  from 
bauxite,  alum  clay,  and  china  clay.  Bauxite  or 
alum  clay  are  preferable  to  china  clay,  as  they 
may  be  at  once  treated  Nvith  acid,  whereas  china 
clay  requires  a  preliminary  calcination  ;  the 
latter,  however,  contains  less  iron.  When 
china  clay  is  used,  it  is  selected  as  free  as  pos- 
sible from  iron  and  grit,  and  is  calcined  in  a 
reverberatory  or  muffle  furnace.  It  is  thus  ren- 
dered porous  and  more  easily  soluble  in  acid, 
whilst  a  portion  of  the  iron  present  becomes  in- 
soluble. The  temperature  should  be  carefully 
regulated;  if  too  high,  the  mass  partially  vitri- 
fies, and  is  then  almost  insoluble  in  acids.  The 
calcined  mineral  is  finely  ground  and  mixed 
in  a  lead-lined  boiler  with  one-half  its  weight 
of  sulphuric  acid  of  1-615  sp.gr. ;  sufTicient 
water  is  added  to  reduce  the  density  to  1-375 
and  the  mixture  is  slightly  heated.  A  rapid  ac- 
tion soon  ensues,  and  75  p.c.  of  the  alumina 
together  with  most  of  the  iron  is  dissolved.  The 
heatmg  is  continued  until  the  acid  is  saturated, 
and  the  solid  mass  produced  on  cooling  is  cut 
into  blocks  and  ground  into  coarse  fragments  for 
j  the  mai'ket.  It  then  contains  the  whole  of  the 
silica,  iron,  and  other  impurities  in  the  clay, 
and  is  known  as  '  alum  cake,'  or  '  aluminous 
cake.' 

I  Beveridge  gives  the  following  analysis  of 
aluminous  cake.  No.  1  was  exceptionally  free 
from  iron  :  — 


1 

2 

3 

1  Al,03 

12-30 

11-54 

11-54 

«;  corresponding  to 

I  A1..0,.3S03 

41-07 

38-5.3, 

38-53 

Fe.Oj 

0-05 

0-10 

0-21 

SO,  . 

29-55 

28-00 

28-38 

CaO  . 

0-10 

0-12 

0-15 

Free  SO,  . 

0-40 

0-50 

1-83 

Insoluble  . 

?6-50 

22-40 

20-08 

For  preparation  of  commercially  pure  sul- 
phate, water  is  added  to  the  mixture  before 
solidification,  the  insoluble  jjarticles  are  allowed 
to  subside,  and  the  solution  is  evaporated  until 
a  portion  solidifies  on  cooling.  The  iron  may 
be  precipitated  from  the  solution  by  one  of  the 
methods  described  later.  The  product  usually 
contains  a  few  per  cents,  of  potash  alum  from 
the  potash  present  in  the  clay. 

The  substitution  of  bauxite  for  China  clay 
was  proposed  by  Chatelier  in  1858.  It  has  now 
largely  replaced  that  substance  on  account  of 
its  ready  solubility,  no  preliminary  calcination 
being  necessary.  Eglinton  alum  clay  is  also 
used  to  a  large  extent.  Its  solubility  is  about 
equal  to  that  of  bauxite. 

The  following  analyses  show  the  general  com- 
position of  these  three  minerals.  (For  further 
analyses  and  description  of  bauxite  see  Hy- 
drated oxides.) 

The  treatment  of  bauxite  for  the  preparation 
of  '  alumino-ferric  cake,'  as  patented  by  Messrs. 
P.  and  F.  M.  Spence  (1876),  is  as  follows The 
mineral  is  digested  with  dilute  sulphuric  acid 
with  the  aid  of  steam  until  the  acid  is  neu- 
tralised ;  the  insoluble  matter  allowed  to  subside, 
and  the  solution  evaporated  to  100°Tw.  (1-5 
sp.gr.),  and  run  into  shallow  partitioned  lead 
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— 

Bauxite  (Irish  Hill  Bauxite  Company) 

Alum  clay  (Egrlintou  Chemical 
Cumpauy ) 

China  cluy 

Quality 

'  Gertrude ' 
quality 

1 

2 

3 

1 

2 

— 

Analyst 

Pattinson 

Pattinson 

Frcsenius 

Unknown 

A1„0,  . 

Cab  . 
MgO  . 

K  ,0  +  Na  ,0 
TiO,  (titanic  acid) 
SO,"  . 
P,0-  . 
niU._,  . 

Orp;anic  matter  . 
Combined  water  . 

59-37 
0-53 
U 

0-11 
00,) 
0-35 
004 
trace 
11-43 

21-87 

53-83 
1-57 

0-13 
0-01 
5-80 
0-07 

trace 
8-07 

29-27 

52-00 
4-57 

U  i  J 

0-20 
0-08 
0-20 
007 

trace 
1200 

24-00 

46-13 
15-14 

O.I 

0-26 
0-28 
4-20 
0-10 
trace 
10-40 

23-39 

62-37 
1-29 
0-48 

trace 
O-Of) 
5-20 
0-35 
none 
13-15 
trace 
27-13 

42-42 
1-54 
U  4o 
trace 
004 
9-40 
0  08 
none 
27-50 
trace 
18-53 

48-83 
2-24 
0-02 
0-17 
0-14 
5-02 
0-51 
CO,0-28 

io-ts 

26-35 

39-74 
FeO  0-27 
0-30 
0-44 

12-67 

Total 

100-0 

99-97 

99-91 

100-08 

100-03 

99-97 

100-04 

99-80 

Amount  of  Fe^O.,  -i 
present  for  15 

ijtti  I/O    yj L     CliLt  . 

inina    (Beve-  1 
ridge)  J 

0-180 

0-43 

1-31 

4-02 

0-32 

0-54 

0-G8 

0-11 

coolers.  It  there  solidifies,  and  is  removed  in 
blocks  18  or  20  inches  square,  each  weighing 
about  1  cwt.  It  is  yellowish-green  in  colour, 
contains  much  alumina,  and  a  small  proportion 
of  iron  and  free  acid.  It  is  used  in  the  prepa- 
ration of  all  but  the  finest  papers,  and  in  the 
precipitation  of  sewage,  refuse  liquids,  and  in 
the  clarification  and  decolorisation  of  water 
supplies.  The  following  analysis  shows  its 
general  composition  : — Al.,0,.14-26  p.c.  (corre- 
sponding to  AlA^-^^O-j  47-61  p.c.)  Fe_,O,0-28  p.c. 
FeO  0-32  p.c.  SO,  (combined)  35-36  p.c.  SO, 
(free)  0-45  p.c.    Insoluble  0-06. 

For  the  preparation  of  aluminium  sulphate 
as  formerly'  used  by  Messrs.  Duncan  and  the 
Messrs.  Newlands  for  the  purification  of  sugar, 
the  iinely-powdercd  bauxite  is  well  mixed  with 
suflicient  strong  sulphuric  acid  in  an  apparatus 
resembling  that  used  in  t!ie  preparation  of  super- 
phosphate of  lime,  and  the  fluid  mixture  run 
into  a  brick  tank.  A  violent  action  soon  ensues, 
and  the  mixture  solidities.  No  heating  is  re- 
quired, and  the  operation  only  occupies  a  few- 
minutes  ;  the  product,  however,  contains  all  the 
impurities  in  the  mineral. 

Crude  aluminium  sulphate  is  usually  prepared 
from  bauxite  as  follows  : — 67  cubic  feet  of  cold 
sulphuric  acid  1-615  gr.  is  poured  into  a  large 
lead-lined  vessel  provided  with  a  mechanical 
agitator,  also  covered  with  lead  ;  the  liquid  is 
heated  slightly  by  steam,  and  1  ton  of  dried 
powdered  bauxite  is  then  added.  The  action 
soon  commences,  and  the  mass  swells.  After  the 
whole  has  subsided,  more  mineral  is  added  in 
charges  of  about  2  cwts.  until  an  additional  half 
ton  has  been  added.  Sufficient  water  is  poure':] 
in  to  prevent  solidification,  and  the  mixture 
heated  by  steam.  When  the  acid  has  become 
nearly  neutralised  the  liquid  is  diluted  to  40''Tw. 

'  Tlie  woi-ks  are  now  clcsed  owing  to  the  operation  of 
the  foreign  sugar  bounties. 


(1-2  sp.gr.)  and  run  into  settlers.  The  clear 
liquid,  of  density  1-185,  is  decanted  off,  and 
contains  about  90  p.c.  of  the  alunrina  present  in 
the  mineral,  its  usual  composition  being  : — 

Sp.gr.  1-181.  (36-2-Tw.). 
Gr,imiiii's  jicr  litre 
.    193-42    =57-92  ALOj 
1-80  1^ 
3-62  I 

1-  57 

2-  09 
.  977-13 


AhO, 3S0, 
re.,0,  . 

re"s6,  . 

Free  H.,SO,, 
CaSO^ " . 
H,0 


1-794  Fe 


1180-13 


The  purification  of  this  solution  from  iron  is 
a  matter  of  the  utmost  importance.  Aluminium 
sulphate  contains  a  much  larger  proportion  of 
the  active  principle,  alumina,  than  alum,  and, 
when  quite  pure,  is  available  for  all  the  technical 
uses  to  which  the  latter  is  applied.  The  sul- 
phates of  potassium  or  ammonium  are  of  value 
only  in  forming  with  the  aluminium  sulphate 
a  compound  which  can  be  readily  purified  by 
crystallisation  and  thus  obtained  both  free  from 
iron  and  of  constant  composition. 

Many  processes  have  been  proposed  for  the 
removal  of  iron.  In  the  mechanical  process  of 
B.  Newlands  (Eng.  Pat.  1880,  5,287),  the  crude 
solution  of  sulphate  is  evaporated  to  67"Tw. 
(at  200°F.),  and  cooled  for  24  hours  in  leaden 
tanks  3  feet  deep.  About  60  p.c.  of  the  sul- 
phate thus  crystallises  out.  The  liquid  is 
drained  off,  and  the  residue  pumped  or  forced 
into  lead-lined  filter  presses,  the  plates  of  w-liich 
are  covered  with  thick  felt,  and  separated  by 
metal  rings.  Here  it  is  subjected  to  a  pres- 
sure of  about  200  lbs.  to  the  square  inch. 
The  hard  cake  so  produced  contains  about  (17 
p.c.  of  the  total  aluminium  sulphate,  and  0  ()5 
to  0-1  p.c.  of  iron.    When  '  Gcitrudc  '  bauxite 
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tas  been  used,  the  iron  may  fall  as  low  as 
O'Oi  p.c.  The  mother  liquor,  evaporated  and 
similarly  treated,  yields  a  second  and  third  crop 
of  crystals  containing  less  alumina  and  more 
iron.  The  following  shows  the  general  degree 
of  purity  of  each  croiD  (Strype) :  — 
Amount   of  -i 

Fefi^  pre-  Crude  Ist  2nd  3rtl  Residual 
sent  for  liquor  crop  oro')  crop  liquor 
16-35  parts  I  0  079  0-065  0-lSO  0-259  2-312 
ALO3  J 

By  dissolving  these  crops  of  crystals  and 
treating  as  before,  the  ijroportion  of  iron  may 
of  course  be  much  farther  reduced.  The  addi- 
tion of  a  small  quantity  of  hydrochloric  acid 
to  the  magma  is  said  to  facilitate  the  j)uritica- 
tion. 

A  method  for  the  removal  of  iron  from  the 
mineral  before  solution  has  been  patented  by 
Messrs.  Chadwick  and  Kynaston.  The  raw 
powdered  bauxite  is  mixed  to  a  thick  cream  with 
water,  and  treated  with  5  to  10  p.c.  of  oxalic 
acid  and  sufficient  hydrochloric  acid  to  prevent 
the  precipitation  of  insoluble  oxalates.  The 
mass  is  occasionally  stirred  for  7  to  10  days, 
and  washed  by  decantation  until  free  from  oxalic 
acid.  A  great  portion  of  the  iron  and  some 
aluminium  are  thus  removed  as  oxalate.  Bauxite 
so  purified  is  said  to  produce  a  sulphate  con- 
taining from  0-1  to  0-2  parts  of  iron  to  16  parts 
of  alumina.  Condy,  in  1877,  proposed  the  re- 
duction of  the  iron  by  reducing  agents,  or  its 
conversion  into  sulphide  by  sulphuretted  hy- 
drogen or  a  sulphide,  and  the  removal  of  the 
metal  or  sulphide  by  dilute  acid.  The  propor- 
tion of  iron  may  thus  be  reduced  to  one-third 
(Newlands).  The  only  processes,  however,  used 
commercially  depend  on  treatment  after  the 
mineral  has  been  brought  into  solution, 

The  first  chemical  process  proposed  was  that 
of  Weismann,  and  consisted  in  precipitating 
the  iron  by  means  of  potassium  ferrocyanide. 
The  precipitate,  however,  subsides  very  slowly, 
and  contains  much  alumina ;  the  liquid  still 
retains  a  portion  after  long  standing,  and  the 
product,  on  evaporation,  is  blue  and  unsaleable. 
Kynaston  has  found  that  the  whole  of  the  blue 
precipitate  may  be  deposited  by  the  addition  of 
a  salt  of  copper  or  of  zinc,  and  by  certain  other 
salts.  The  composite  process  as  used  by  him 
includes  the  deposition  of  the  greater  part 
of  the  iron  as  ferric  arsenite,  and  is  as 
follows : — 

Forty-five  cubic  feet  of  ordinary  sulphuric 
acid  from  the  Glover  tower  (146°Tw.)  is  placed 
in  a  lead-lined  iron  tank  and  heated  by  means 
of  steam.  The  density  is  reduced  by  dilution 
to  90°  or  95°Tw.,  and  26  cwts.  of  bauxite  is 
added.  When  the  action  has  moderated,  5  cwts. 
of  bauxite  mixed  with  96  lbs.  of  commercial 
arsenious  oxide  are  stirred  in,  followed  by  a 
further  addition  of  3  cwts.  of  bauxite.  In 
order  to  oxidise  all  the  iron,  a  little  sodium 
chlorate  or  a  hypochlorite  is  then  added  together 
with  200  lbs.  of  chalk  made  into  a  thin  cream 
with  water,  and  the  whole  is  well  agitated. 
The  acid  being  neutralised,  the  muddy  liquor  is 
run  into  one  of  a  series  of  lead-lined  tanks  on  a 
lower  level,  which  it  nearly  fills.  After  standing 
for  three  or  four  days  a  sample  is  treated  with 
the  chalk  mixture ;  if  the  yellow  tint  becomes 


deepened,  a  further  addition  of  chalk  is  made 
to  the  bulk  of  the  solution  ;  and  this  treatment 
is  continued  until  no  further  change  is  per- 
ceptible. In  twelve  or  fourteen  days  from  the 
commencement  the  clear  solution  is  drawn  off 
into  another  scries  of  tanks  on  a  still  lower  level. 
In  this  manner  a  great  part  of  the  iron  is  pre- 
cipitated as  insoluble  arsenite,  and  remains 
behind  with  the  undecomposed  bauxite,  silica, 
A'C,  in  the  upper  tanks.  The  liquid  then  con- 
tains about  100  grains  of  aluminium  sulphate 
and  0  2  grains  of  ferrous  oxide  per  cubic  inch, 
and  would  at  once  yield  a  product  containing 
0  05  p.c.  to  0-06  p.c.  of  iron.  For  its  complete 
purification  the  proper  proportion  of  calcium 
ferrocyanide  is  added  whereby  the  remainder  of 
the  iron  is  converted  into  Prussian  blue.  The 
precipitation  of  this  substance  is,  however,  in- 
complete, and  after  twenty-four  hours  7  or  8  lbs._ 
of  copper  or  zinc  sulphate  is  added  and  the 
mixture  well  agitated.  In  three  or  four  days,  it 
is  said,  the  whole  of  the  iron  is  precipitated, 
leaving  the  solution,  03casionally,  slightly  blue. 
The  liquid  is  then  drawn  off,  treated  with 
calcium  sulphide  (a  few  pounds  for  each  ton  of 
aluminium  sulphate  in  solution),  and  the  whole 
heated  by  a  steam-coil  to  the  boiling  point.  The 
excess  of  arsenic  and  copper  (or  zinc)  having 
thus  been  removed  as  sulphides,  the  clear  liquid 
is  decanted,  evaporated  to  106°  or  108°Tw., 
and,  while  boiling,  poui-ed  into  leaden  trays  and 
solidified.  The  product  contains  16  p.c.  of  alu- 
mina, and  is  as  free  from  iron  as  alum  itself. 
The  cost  of  purification  per  ton  of  sulphate 
is  said  to  be  3i.  for  the  precipitation  with  arsenic 
and  6cZ.  or  9d.  for  the  removal  of  the  excess  of 
that  substance,  &o.  Persoz  proposed  the  pre- 
cipitation of  iron  by  the  addition  of  gelatinous 
silica ;  the  precipitation,  however,  is  not  com- 
plete. 

According  to  Fahlberg  and  Semper  (Eng. 
Pat.  1881,  5,579),  both  ferrous  and  ferric  salts 
may  be  precipitated  from  aluminium  sulphate 
by  agitation  in  the  cold  for  about  thirty  minutes 
with  lead  peroxide,  ferrous  salts  being  first 
oxidised  and  then  precipitated.  No  lead  passes 
into  solution  unless  chlorides  be  present.  The 
composition  of  the  precipitate  is  not  known,  but 
the  peroxide  may  be  regenerated  by  digestion  in 
cold  nitric  acid.  P.  <t  F.  M.  Spence  (Eng.  Pat. 
1882,  3,835)  use  manganese  peroxide  for  the 
same  purpose.  In  presence  of  reducing  agents 
such  as  ferrous  salts,  &c.,  manganese  passes 
into  solution,  and  requires  to  be  reprecipitated 
by  addition  of  chlorine  or  a  hypoclilorite. 

The  use  of  metantimonic  acid  and  meta- 
stannic  acid  (Hood  and  Salamon)  has  also  been 
proposed  for  the  precipitation  of  iron.  The  iron 
is  first  oxidised  by  the  addition  of  bleaching 
powder,  and  the  liquid  is  neutralised  with  chalk 
and  agitated  with  the  precipitant.  Both  sub- 
stances may  be  regenerated  by  digesting  the 
precipitate  with  sulphuric  aoid. 

Beveridge  has  published  the  annexed 
analyses  of  the  purified  aluminium  sulphate. 

For  further  information  regarding  these  pro- 
cesses, see  :— Beveridge  (S.  C.  I.  1886,  16-22) ; 
B.  E.  E.  Newlands  (S.  C.  1. 1882, 124) ;  Kynaston 
(C.  N.  40,  191  and  202).  A  neutral  aluminium 
sulphate  is  prepared,  as  patented  by  Laur,  by 
boiling  a  solution  of  the  ferruginous  sulphate 
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Newlands'  mechanical  process 

Pure  salts 

Extra 
quality 

Ordinary 
quality 

No.  1 

No.  2  purified 
by  a  manganese 
method 

No.  %  Kynas- 
ton's  arsenic  and 
ferrocyanide 
method 

No.  4 

Al.,0, 

Fed,  .       .  . 
SO3  .       .  . 
Free  H, SO, .  . 
CaO    '  . 

14-8-I 
0-OG 

35-00 
v  0^ 
0-11 

49-42 

14-70 

012 
34-r,0 

0-11 
49-95 

14-95 
0-046 

36  09 
nil 
0-17 

10  1  ^ 

14-85 
trace 
34-94 
n'>fi 

U  J 

0-14 
49-60 

1600 
nil 

38-00 
nil 
0-15 

45-50 

16-20 
trace 
38-00 
nil 
0-14 

99-75 

99-88 

99-97 

99-82 

99-06 

99-74 

with  zinc.  The  iron  is  thus  reduceJ  to  ferrous 
sulphate,  a  corresponding  amount  of  zinc  pass- 
ing into  solution.  Potassium  ferrocyanide  then 
no  longer  produces  a  dark-blue  precipitate, 
although  excess  of  iron  be  present,  and  the  pre- 
cipitate produced  by  the  addition  of  ammo- 
nia contains  so  much  zinc  oxide  that  a  sample 
precipitated  in  this  way  containing  12  p.c.  may 
appear  to  contain  15  p.c.  of  alumina  (Debray, 
S.  C.  I.  1882,  188). 

Karl  lleuss  (B.  17,  2,888)  gives  the  density 
of  solutions  of  pure  aluminium  sulphate  as 
follows : — 


Per- 
centage 

Density  at 
15°0. 

Per- 
centage 

Density  at 
15°C. 

1 

1-017 

14 

1-1467 

2 

1-027 

15 

1-1574 

3 

1-037 

16 

1-1668 

4 

1-047 

17 

1-1770 

5 

1-0569 

18 

11876 

6 

1-0670 

19 

1-1971 

7 

10768 

20 

■1-2074 

8 

1-0870 

21 

1-2168 

9 

1-0968 

22 

1-2274 

10 

1-1071 

23 

1-2375 

11 

1-1171 

21 

1-2473 

12 

1-1270 

25 

1-2572 

13 

1-1369 

Per- 
centage 

Density  at 
25°C. 

Density  at 
35°C. 

Density  at 

6 

1  0503 

1  0450 

1-0356 

10 

1-1022 

1-0960 

1-0850 

15 

1-1522 

1-1460 

1-1346 

20 

1-2004 

1-1920 

1-1801 

25 

1-2483 

1-2407 

1-2295 

Very  pure  aluminium  sulphate  is  produced 
from  cryolite  and  from  bauxite  by  converting 
them  into  sodium  aluminate,  free  from  iron, 
precipitating  the  alumina  with  carbon  dioxide, 
and  dissolving  it  in  sulphuric  acid  (y.  Sodium 
al'Uininate).  It  may  also  be  prepared  from  blast 
furnace  slag.  The  finely  powdered  slag  is  con- 
verted into  chloride  by  digestion  in  hydrochloric 
acid  ;  the  solution  evaporated  to  dryness,  heated 
to  render  silica  insoluble,  and  the  residue  con- 
verted into  sulphate  by  digestion  in  sulphuric 
acid.  According  to  Liirmann  (D.  P.  J.  194,  351), 
if  the  slag  contains  25  p.c.  Al.O^,  42  p.c.  Cad, 


and  31  p.c.  SiO_„  100  kilos  would  require  333 
kilos  of  hydrocliloric  acid  (34  p.c),  and  58  kilos 
of  sulphuric  acid  (150°B.),  producing  180  kilos 
of  aluminium  sulphate. 

Aluminium  sulphate  crystallises  with  diffi- 
culty in  thin,  six-sided,  flexible,  nacreous  plates 
containing  18  molecules  of  water ;  soluble  in 
twice  their  weight  of  cold  water,  almost  insoluble 
in  alcohol.  According  to  Persoz  it  crystallises 
more  readily  in  presence  of  alcohol. 

When  heated,  the  crystals  melt  in  their  water 
of  crystallisation  and  swell  up,  leaving  a  white 
porous  anhydrous  sulphate  which  on'y  dissolves 
slowly  in  water.  At  a  red  heat,  sulphuric  oxide 
is  evolved  leaving  pure  alumina.  Aluminium 
sulphate  has  a  strong  atfmity  for  other  sulphates, 
such  as  that  of  potassium,  combining  with  them 
and  forming  crystalline  double  sulphates  or 
'  alums.'  Most  methods  of  preparing  alums 
depend  upon  the  addition  of  potassium  or 
ammonium  sulphate  to  a  solution  of  this  salt. 
According  to  Keuss  (B.  17,  2,888)  the  addition 
of  1  p.c.  of  potassium  sulphate  to  a  solution 
containing  7  p.c.  or  upwards  of  aluminium  sul- 
phate, at  once  produces  a  precipitate  of  alum. 

The  general  industrial  uses  of  this  salt  are 
the  same  as  those  of  potassium  alum.  It  is 
largely  used  in  paper-making  and  in  the  prepara- 
tion of  red  liquor  as  a  mordant.  The  coarser 
preparations  are  employed  for  the  in-ecipitation 
of  sewage. 

For  the  detection  of  free  acid  in  aluminium 
sulphate.  Miller  (B.  1883,  1,992)  recommends 
the  use  of  methyl  orange.  Pure  sulphate  turns 
it  orange,  free  acid  turns  it  a  further  red.  A 
dilute  solution  of  Congo  red  becomes  blue  in 
presence  of  free  acid,  but  is  not  affected  by  the 
pure  salt. 

For  the  estimation  of  free  acid,  a  weighed 
quantity  of  the  powder  is  digested  with  strong 
alcohol  for  twelve  hours,  filtered,  washed  several 
times  with  strong  alcohol  and  the  solution 
diluted  and  evaporated  to  a  syrup.  When  all  the 
alcohol  has  evaporated,  absolute  alcohol  is 
added,  which  precipitates  most  of  the  sulphate, 
and  the  solution  is  filtered,  diluted,  and  titrated 
with  standard  soda  solution  and  phenol 
phthalein.  For  the  estimation  of  small  quan- 
tities of  iron  in  this  salt  v.  Alums.  Several 
basic  aluminium  sulphates  are  known.  Accord- 
ing to  Siewert,  a  yellow  basic  sulphate,  soluble 
in  water,  exists ;  its  colour  is  not  due  to  the 
presence  of  iron.  An  insoluble  form  has  beoi 
prepared  by  Person  by  heating  alum  with  an 
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excess  of  sulphuric  acid,  evaporating  off  the 
greater  part  of  the  acid  and  washing  the  residue 
until  it  is  free  from  potassium  bisulphate.  It 
forms  a  mealy  powder  which  is  converted  into 
the  normal  sulphate  by  prolonged  boiling  with 
water. 

ALUMINIUM  BRONZE  v.  Alloi/s,  art.  Alu- 

MINIUJr. 

ALUMS.  A  number  of  compounds  are  in- 
cluded under  this  term.  They  all  possess  ths 
constitution  M,SO.„R,0,(SO,).,24H,0,  where  M 
is  a  monatomic  element  or  radicle  such  as  po- 
tassium, ammonium,  sodium,  c&c,  and  H.Oj  is  a 
sesquioxide  such  as  that  of  aluminium,  iron, 
chromium,  or  manganese.  They  all  crystallise 
in  the  regular  system  with  24  molecules  of  water. 

In  the  alums  to  be  considered  here  the 
sesquioxide  is  alumina  ;  the  most  important  of 
these  alums  are  those  of  potassium,  ammonium, 
and  sodium. 

'  Selenic  alums '  have  been  prepared,  in 
which  sulphuric  acid  is  replaced  by  schmic  acid. 

Potassium  alum  K,S0|,A1A'^S0,,'24H  0. 
This  salt  occurs  in  nature  as  kalinite  as  an 
etliorescence,  or  in  fibrous  crystals  on  aluminous 
minerals,  occasionally  in  octahedra,  at  Whitby, 
Campsie,  &c.  In  the  Solfatara,  near  Naples, 
and  the  islands  of  Volcano  and  Milo,  it  occurs 
in  larger  quantities,  being  formed  by  the  action 
of  volcanic  gases  upon  felspathic  trachyte. 

The  manufacture  of  alum  is  of  great  an- 
tiquity. In  the  time  of  Pliny  alum  was  in  use 
as  a  mordant  for  the  production  of  bright 
colours,  and  was  even  tested  by  moans  of  the 
tannin  in  pomegranate  juice  to  ascertain  its 
purity.  It  was  prepared  in  the  thirteenth  cen- 
tury at  Smyrna  from  alum  rock,  and  since  the 
fifteenth  centui'y  has  been  largely  produced  at 
Tolfa  from  the  same  substance. 

Its  preparation  from  pyritic  shale  has  long 
been  known,  together  with  the  fact  that  Ihe 
presence  of  alkali  was  necessary  to  induce 
crystallisation,  but,  until  loroved  in  1797  by 
Chaptal  and  Vauquelin,  the  essential  presence 
of  alkali  in  the  crystals  was  not  recognised. 

Very  pure  alum  is  prepared  in  small  quan- 
tities at  Solfatara.  The  natural  alum  found  there 
is  digested  with  water  in  large  wooden  vats  under 
cover,  and  maintained  at  about  40°C.  by  the 
natural  heat  of  the  soil.  The  solution  is  de- 
canted and  crystallised.  A  second  crystallisation 
produces  extremely  pure  alum. 

A  considerable  amount  of  alum  is  prepared 
from  alunite  (q.  t'.,  also  Aluiiiiiiium  sulphate,  art. 
Aluminium).  Alunite  contains  the  elements  of 
potassium  alum,  basic  aluminium  sulphate,  and 
free  alumina.  In  Sicily  it  is  made  into  heaps  and 
calcined  in  the  open  air.  At  Tolfa,  where  the 
manufacture  is  carried  out  on  a  larger  scale,  the 
roasting  is  conducted  in  furnaces  like  lime-kilns, 
lined  with  refractory  materials.  The  mineral  is 
heated  in  large  pieces  by  the  flame  without  direct 
contact  with  the  fuel  until  sulphur  dioxide  begins 
to  escape.  The  calcination  requires  about  six 
hours,  the  mass  losing  about  35  p.c.  of  water. 
During  the  ignition,  the  excess  of  alumina  beyond 
that  necessary  to  produce  alum  is  rendered  in- 
soluble, and  no  longer  has  the  property  of  X3reci- 
pitating  basic  sulphates  from  the  solution.  The 
calcined  mass  is  exposed  to  the  air  upon  a  clay 
floor  for  some  weeks,  during  which  time  it  is 


occasionally  moistened.  The  mnd-like  product 
is  agitated  in  boilers  with  water  at  70°C.,  and  the 
clear  decanted  liquid,  of  density  ]0  -12°B.,  is 
evaporated  to  32°B.,  and  crystallised  in  small 
wooden  tubs.  The  crystals  are  cubic,  opaque, 
and  re.ldish  from  the  presence  of  ferric  oxide. 
This  iron  is,  however,  quite  insoluble,  and  may 
be  separated  by  recrystallisation ;  the  solub'e 
iron  is  said  to  be  less  than  -005  p.c.  In  this 
way  '  Roman  alum  '  was  formerly  largely  pro- 
duced. On  account  of  their  great  purity  the 
red  crystals  were  much  sought  after. 

Alunite  is  now  largely  converted  into  alum 
by  treatment  with  sulphuric  acid  and  addition 
of  potassium  sulphate. 
I       Guyot  (C.  E.  95,  pp.  693  and  1,001  ;  and 
i  C.  N.  .53,  27)  has  examined  this  process,  and  re- 
'  commends  the  following  method  :  — 
I       On  ignition  of  alunite,  the  free  alumina  is 
j  first  rendersd  anhydrous,  and  soluble  in  sul- 
'  phuric  acid  ;  at  a  higher  temperature  the  basic 
sulphates  become  soluble,  but  if  the  temperature 
^  be  allowed  to  rise  too  high  the  alumina  becomes 
vitrified  and  is  insoluble.    Guyot  recommends 
ignition  at  800°O.  for  three  hours  as  the  best 
means  of  rendering  the  maximum  amount  of 
both  these  substances  soluble.    The  composition 
of  the  calcined  mass  is  determined,  and  acid  is 
used  in  pi'oijortion  to  the  amount  of  soluble  sul- 
I  phate  contained.    For  a  product  of  the  following 
]  composition,  K_SO^,  14-00  p.c.  ;  AL0,3S0j  (pre- 
sent as  alum),  26-55  -,  Al.O.jSSOs   (free),  6-56  ; 
A1,0,   (free),  18-58;  OH,'  11-90;  FeA.  0-80; 
silicious  residue,  21-61  p.c,  the  proportions  given 
below  would  be  most  satisfactory.    Into  a  clay 
oven  is  poured  12-5  tons  of  sulphuric  acid  of 
52°B.  diluted  to  30°B.,  and  heated  to  80°  or 
90°C.     Eight  tons  of  the  calcined  mineral  is 
then  added  in  portions  and  well  stirred.  After 
the  whole  has  been  added,  the  liquid  is  left  for 
two  hours,  then  evaporated  to  3S°B.,  and  treated 
with  2-7  tons  of  potassium  sulphate.    The  pro- 
cess up  to  this  point  occupies  ten  hours ;  after 
a  further  period  of  thirteen  hours,  the  clear 
liquid  is  decanted  off  ;  its  density  should  not 
exceed  42°B.     The  muddy  liquid  remaining  is 
reduced  to  24°B.  by  the  addition  of  mother 
liquor  from  a  previous  crystallisation,  stirred, 
allowed  to  settle,  drawn  off  clear,  mixed  with 
the  first  decantate,  and  crystallised  in  a  vat. 
After  one  day  the  crystals  are  removed,  redis- 
solved,  and  recrystallised.     The  muddy  residue 
is  crystallised  out  for  a  further  crop  of  alum. 
The  total  yield  of  alum  is  about  2-3  times  the 
original  weight  of  ore.    The  insoluble  matter 
contains  3-00  p.c.  alumina  and  2-01  p.c.  potas- 
sium sulphate  in  addition  to  silica  ttc. 

According  to  C.  Schwartz  (B.  17,  2,887)  the 
best  temperature  for  the  roasting  is  500°C.,  and 
the  acid  used  should  have  a  density  between 
1-207  and  1-530. 

The  greater  portion  of  the  alum  manufac- 
tured in  England  was  formerly  prepared  from 
alum  shale  {alum  ore),  alum  schist,  and  similar 
substances  which  occur  in  large  quantities  at 
Whitby  in  Yorkshire,  Hurlet  and  Campsie  in 
Scotland,  in  Sweden,  Thuringia,  &c.  These 
minerals  are  mixtures  of  aluminium  silicate, 
iron  pyrites,  and  bituminous  substances ;  the 
iron  pyrites  is  principally  present  in  the  alu- 
minous schists  as  a  line  black  powder  dissemi- 
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nated  throughout  the  mass,  and  not  distinguish- 
able by  the  eye.  The  rapid  oxidation  of  these 
minerals  under  atmospheric  influences  or  heat 
is  due  to  this  fine  state  of  division. 

The  following  analyses  by  liichardson  and 
Eonalds  show  the  composition  of  the  Whitby 
and  Campsie  shales  : — 


Whitby 

i  Campsie 

Top 
rock 

Bot- 
tom 
rock 

Top 
rock 

Top 
rock 

Bot- 
tom 
rock 

Sn'pliur 
Iron 

Perric  sii'pliide 
(pyrites)  . 

Silica  . 

Ferrous  oxide 

Alumina 

Lime    .  . 

M'lpnesia  , 

Manganese  per- 
oxide 

Sulphuric  acid  . 

Potasli . 

Soda    ,  , 

Chlorine 

Carbon  and  loss  . 
Carbon  only. 
Coal  . 
Loss     .  . 
Water  . 

4-20 
52'25 

8-49 
1875 

1-25 

0-  91 

trace 

1-  37 
0  13 
0-20 

trace 

4-97 

2-  88 

8-50 
5110 

6-11 
18-30 

2-15 

0-90 

trace 
£-50 
trace 
trace 
trace 

8-29 
2-00 

23-30 
18-10 

i  lo-lO 

11-35 
i  HO 
0-50 

0-15 

0-90 

29-78 

23-44 
15-04 

15-40 

H-G4 

2-  22 
0-32 

28  80 

3-  13 

99-99 

1  0-G3 

0-47 
2-18 
18-91 
0-10 
2-17 

0-  55 
0  05 

1-  2fi 
0-21 

8-51 

O-ro 

8-54 

95-40 

91-99 

100-00 

100-00 

Aluminous  earths  are  friable,  porous  masses 
■vyithout  structure,  dark  brown,  and  containing 
less  silica  than  the  schists.  They  ut  uiUy  occur* 
in  layers  with  lignite. 

Treatment  of  aluminous  shale.  — The  more 
earthy  shales  are  porous,  and,  if  piled  in  heaps 
in  the  open  air  and  occasionally  moistened, 
undergo  spontaneous  oxidation,  and  fall  to  pieces. 
Usually  they  require  roasting,  and,  when  not 
SLilliciently  bituminous  for  combustion,  are  first 
mixed  with  fuel.  Thus,  at  Whitby  and  Hurlet 
the  rock  is  laid  in  small  pieces,  in  layers  with 
brushwood  or  coal,  upon  a  bed  of  well-jji-essed 
clay,  and  ignited.  The  top  and  bottom  rock  are 
usually  mixed  in  order  to  ensure  uniformity  in 
the  amount  of  combustible  matter. 

The  shales  at  Campsie  are  too  combustible, 
and  require  mixing  with  spent  rock  to  retard 
tlie  calcination. 

At  Salzweiler  in  Ehenish  Prussia  a  stratum 
of  brown  coal  beneath  the  ore  was  accidentally 
ignited  in  tlie  mine  in  1000,  and  has  continued 
buining  slowly  up  to  the  present  time. 

At  Whitby  the  heaps  are  gradually  increased 
as  the  mass  burns  until  they  reach  a  height  of 
90  or  100  feet  and  an  area  of  200  square  feet. 
As,  however,  in  these  large  heaps  the  temperature 
is  liable  to  rise  unduly  and  cause  loss  of  sul- 
phur, it  is  preferable,  as  at  Hurlet,  to  limit  the 
lieight  and  increase  the  area.  At  Whitby  130 
tons  of  the  calcined  schist  produce  1  ton  of 
alum.  Ores  containing  much  lime  cannot  be 
used  on  account  of  the  formation  of  calcium 
sulphate  and  consequent  loss  of  material. 
Great  care  is  necessary  in  regulating  the  heat. 
At  too  high  a  temperature  a  considerable  amount 
of  sulphur  volatilises  as  sulphur  dioxide,  and  is 
lost  before  its  conversion  into  aluminium  sul- 
phate ;  the  pyrites  is  liable  to  form  a  slag  with 
the  earthy  matter  and  become  useless,  while  the 


aluminium  sulpliate  itself  becomes  decomposed. 
When  combustion  is  completed  tiie  mass  occu- 
pies only  about  one-half  its  former  bulk,  ia 
of  a  rediiish  tint  and  porous,  allowing  free  access 
to  air.  During  the  atmospheric  action,  either  by 
slow  spontaneous  oxidation  or  by  combustion, 
the  pyrites  is  decomposed.  Sulphur  is  evolved, 
which  combines  with  oxygen  and  attacks  the 
clay,  forming  aluminium  sulphate.  At  the  same 
time  the  lower  sulphide  of  iron  remaining  is 
converted  into  ferrous  sulphate  and  ferric  oxide. 
The  calcined  mass  is  usually  kept  for  a  consider- 
able time  before  lixiviation. 

Lmviation. — The  cisterns  are  of  stone,  or 
wood  lined  with  lead,  and  are  placed  on  different 
levels.  The  material  is  placed  in  the  upper 
cisterns  -the  larger  pieces  above,  the  smaller 
pieces  beneath — digested  with  water  for  six  to 
twelve  hours,  and  the  liquid  decanted  into  the 
lower  cisterns.  A  second  lixiviation  is  per- 
formed for  an  equal  time  with  one-half  the 
quantity  of  water  and  the  liquor  is  used  for  the 
first  digestion  of  a  fresh  charge  of  ore. 
The  exhausted  ore  still  contains  a  considerable 
amount  of  alumina  and  sulphuric  acid.  At 
Campsie  the  residues  usually  contain  12-7  p.c. 
alumina  and  10-76  p.c.  sulphuric  oxide.  The 
liquors  of  from  1-09  to  1-15  sp.gr.  are  allowed  to 
deposit  calcium  sulphate,  ferric  oxide,  etc.,  and 
are  concentrated.  The  evaporation  is  preferably 
conducted  at  the  surface  on  account  of  the  depo- 
sition of  a  considerable  quantity  of  solid  matter 
containing  much  basic  sulphate  or  iron,  calcium 
sulphate,  &c.,  during  the  evaporation.  When, 
however,  much  magnesium  sulphate  is  present, 
surface  evaporation  is  not  satisfac'ory  on 
account  of  the  formation  of  a  crust  of  that  salt 
which  retards  evaporation.  In  that  case,  as  at 
Whitby,  where  also  the  amount  of  aluminium 
sulphate  greatly  exceeds  that  of  ferrous  sul- 
phate, the  evaporation  is  conducted  in  leaden 
pans  to  a  density  of  1-4  or  1-5. 

At  Hurlet  and  Camjisie  a  rcverberatory  fur- 
nace is  used.  The  bed  is  of  stone,  coated  with 
well-rammed  clay,  4  or  C  feet  wide,  2  or  8  feet 
deep,  30  or  40  feet  long.  It  is  filled  to  the  brim 
with  strong  liquor,  and  the  flame  and  hot  air 
from  the  fire  carried  over  it.  As  evaporation 
proceeds,  more  liquor  is  added  until  the  proper 
concentration  is  reached.  It  is  then  run  into 
leaden  pans,  oonctntrated  to  about  1-4  sp.gr. 
and  conveyed  to  a  precipitating  cistern  contain- 
ing the  requisite  quantity  of  dry  potassium 
chloride :  the  liquid  is  well  agitated  and  the 
chloride  soon  dissolves.  In  about  5  days  the 
liquor  is  drained  from  the  large  crystals,  -^vhich 
are  washed  and  recrysiallised.  At  Whitby 
'  alum  meal '  is  first  formed.  The  hot  liquor,  of 
spi.gr.  1-4  to  1-5,  is  mixed  in  a  precipitating 
cistern  with  a  saturated  solution  of  ijotassium 
sulphate  or  chloride  in  the  proper  proportions, 
and  the  whole  kept  in  constant  agitation  to 
induce  the  formation  of  small  crystals.  To 
ascertain  the  amount  of  potassium  salt  required, 
a  known  volume  of  the  liquid  is  treated  with 
potassium  sulphate  or  chloride,  left  for  24  hours 
and  the  crystals  slightly  washed  and  weighed. 

When  much  ferric  sulphate  is  present  in  the 
solution,  the  addition  of  potassium  sulphate 
would  produce  iron  alum,  isomorphous  with  ordi- 
nary alum,  which  would  crystallise  out  and  con- 
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taminate  the  product.  The  use  of  potassium 
chloride  prevents  this,  by  producing  the  easily 
soluble  ferric  chloride,  while  ferrous  salts  are 
converted  into  the  equally  soluble  ferrous  chloride, 
an  equivalent  amount  of  potassium  sulphate 
being  formed  at  the  same  time.  Chloride  of 
potassium  is  generally  employed  in  preference  to 
the  sulphate,  whenever  sutHcient  iron  sulphate 
is  present  to  supply  the  requisite  amount  of  sul- 
phuric acid  for  the  formation  of  alum ;  its 
greater  solubility  is  also  in  its  favour.  At 
Whitby  the  proportion  of  iron  is  considerably 
less  than  would  produce  this  eft'ect.  Too  much 
chloride  should  be  carefully  avoided,  for,  after 
the  iron  sulphates  have  been  decomposed,  the  alu- 
minium sulphate  is  itself  attacked  with  the  pro- 
duction of  the  very  soluble  chloride,  which  is  lost. 

For  the  production  of  100  parts  of  alum  18-3 
parts  of  potassium  sulphate,  soluble  in  10  parts 
of  cold  water  or  15'C  parts  of  the  chloride,  soluble 
in  3  parts  of  cold  water,  would  be  required. 

The  alinn  meal,  consisting  of  small  brownish 
crystals,  is  drained  and  washed  twice  by  agita- 
tion with  cold  water.  The  ferruginous  solution 
and  a  little  alum  are  thus  removed  and  the  meal 
is  nearly  pure.  For  recrystallisation,  the  meal 
is  dissolve.!  in  the  minimum  quantity  of  boiling 
water  and  run  into  the  '  rocking  casks.'  These 
are  5  feet  high,  3  feet  wide  at  the  top  and  some- 
what wider  at  the  bottom,  with  movable  staves. 

After  about  8  days  the  staves  are  removed 
and  the  alum  found  in  a  solid  cake  inclosing  the 
solution.  The  liquid  is  removed  by  piercing  the 
crust  near  the  bottom  and  is  added  to  a  fresh 
quantity  of  the  small  crystals.  At  the  bottom  of 
each  cask  is  found  a  slime  consisting  of  an  in- 
soluble basic  aluminium  sulphate  containing 
small  crystals  of  alum. 

The  mother  liquor  from  the  alum  meal  has  a 
sp.gr.  of  about  1-4 ;  it  contains  sulphate  or 
chloride  of  iron,  magnesium  sulphate,  &c.,  and 
will  yield  more  alum  on  evaporation.  In  a  final 
evaporation  it  yields  ferrous  sulphate  in  fine 
green  crystals.  When  iron  is  present  in  great 
quantity,  the  liquors  are  evaporated  and  the 
ferrous  sulphate  crystallised  out  before  the  ad- 
dition of  the  potassium  salt.  In  this  case  the 
iron  salt  is  less  pure  and  less  soluble,  but  the 
alum  subsequently  produced  contains  less  iron. 

Formerly,  potassium  alum  was  alcne  pro- 
duced. In  184.5,  however,  the  potassium  sul- 
phate was  replaced  by  the  ammonium  sulphate 
produced  from  the  then  waste  liquors  from  gas 
works,  yielding  ammonium  alum.  This  great 
improvement  was  introduced  by  the  late  Mr. 
Peter  Spence ;  his  method  was  soon  generally 
adopted  both  in  England  and  on  the  Continent. 

Another  great  advance  was  made  by  Mr. 
Spence  in  1845  in  the  manufacture,  by  the 
treatment  of  the  refuse  shale  underlying  the 
coal  seams  of  South  Lancashire.  This  shale 
contains  from  5  to  10  p.c.  of  carbonaceous 
matter.  It  is  piled  upon  rows  of  loosely  placed 
bricks  (to  allow  a  free  passage  to  the  air)  in  heaps 
4  or  5  feet  high  and  20  feet  long.  The  com- 
bustion is  started  with  a  little  fuel,  but  the  shale 
contains  sufficient  combustible  matter  to  con- 
tinue burning.  The  calcination  is  performed 
slowly  at  a  heat  below  redness.  In  about  10  days 
the  roasting  is  completed,  the  material  has  be-  | 
come  soft,  porous,  and  light  red,  whilst  the  J 


alumina  contained  in  it  has  become  anhydrous 
and  soluble  in  sulphuric  acid.  Too  high  a  tem- 
perature, however,  partially  vitrifies  it,  in  which 
case  it  is  only  slowly  attacked  by  acid.  Charge"i 
of  20  tons  are  placed  in  large  covered  pans  40 
feet  long,  10  feet  wide,  and  3  feet  deep,  lined 
with  lead,  and  are  digested  for  about  48  hours 
with  sulphuric  acid  (of  sp.gr.  1-35)  at  110°C., 
the  temperature  being  maintained  by  fires  be- 
neath the  boilers.  Formerly  ammonia  was  forced 
into  the  liquid  from  a  boiler  containing  gas 
liquor  ;  ammonium  sulphate  was  thus  produced, 
with  considerable  rise  of  temperature,  and  com- 
I  bined  with  the  aluminium  sulphate  forming  am- 
monium alum.  The  solution  of  alum  so  produced 
is  run  into  cisterns  29  feet  by  17  feet,  and  1-^  feet 
deep,  in  which  it  is  kept  in  constant  agitation.  la 
j  about  14  hours  the  small  crystals  so  formed  are 
J  drained,  washed  with  some  mother  liquor  from 
'  block  alum  '  and  dissolved  by  a  process  known 
as  '  rocking  '  for  the  production  of  pure  block 
alum.  For  this  purpose  they  are  introduced  into 
a  hopper,  at  the  bottom  of  which  they  encounter 
a  current  of  steam  at  a  pressure  of  20  lbs.  per 
sq.  inch,  both  steam  and  crystals  being  supplied 
in  sucli  proportions  that  all  the  crystals  are 
dissolved,  while  no  steam  is  wasted.  In  this 
manner  4  tons  of  crystals  may  be  dissolved  in 
30  or  40  minutes.  The  solution  is  run  into  a 
leaden  tank,  and,  after  a  time,  treated  with  a 
small  quantity  of  size,  which  precipitates  a 
quantity  of  insoluble  matter.  The  clear  liquid 
is  next  run  into  tubs  about  6  feet  higli  and  (i  feet 
wide,  tapering  upwards,  with  movable  lead-lined 
staves.  After  some  days  the  staves  are  removed 
and  a  hole  bored  in  the  mass  of  crystals  for  the 
removal  of  the  liquor.  Each  block  weighs  about 
3  tons,  while  the  mother  liquor  contains  about 
1  ton. 

A  great  advantage  of  this  process  is  the 
speed  with  whicli  the  crude  material  is  con- 
verted into  marketable  alum.  By  the  old  pro- 
cess twelve  months  was  reijuired  for  this  con- 
version, while  by  Spence's  process  the  whole 
operation  is  performed  in  one  month.  For  this 
process  Mr.  Spence  was  awarded  the  medal  for 
alum  manufacture  at  the  Exhibition  of  1862,  at 
which  date  lie  manufactured  150  tons  of  alum 
weekly,  over  one  halt  the  total  production  of 
England  (v.  Hofmann's  report  on  Chemical 
Processes  at  the  Exhibition  of  1802,  p.  62,  and 
J.  Carter  Cell,  C.  N.  12,  221). 

Alum  is  also  produced  by  the  addition  of 
potassium  sulphate  to  aluminium  sulphate,  pre- 
pared by  any  of  the  processes  already  described. 
It  is  prepared  in  great  purity  from  the  sulphate 
produced  from  cryolite  ;  1  ton  of  cryolite  pro- 
duces three  tons  of  alum  {v.  Sodium  aluiiiinate, 
art.  Aluminium). 

Many  other  processes  have  been  proposed 
and  used  for  the  prepai'ation  of  alum. 

Spence,  in  1870  (Eng.  Pat.  1,676),  patented  a 
method  of  preparing  alum  from  mineral  phos- 
phates, especially  that  from  Kedonda  near 
Antigua,  wliioh  contains  2G'l  p.c.  of  alumina  <as 
phosphate  with  ferric  oxide  and  silica.  It  is 
calcined  at  a  red  heat  to  render  it  porous, 
powdered,  and  digested  with  sulphuric  acid  of  i 
sp.gr.  1-6  in  quantity  proportional  to  the  amcunt 
of  alumina,  in  lead-lined  vessels,  heated  by  steam. 
The  liquid  is  concentrated  to  a  density  of  1'45  and 
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troaffd  wKh  the  roqiiisito  amount  of  pota'!<^inin 
sulpliato  to  convc'it  the  whole  of  the  aluniiiia 
into  ahnn.  Phosphate  containing  20  p.c.  of  aiii- 
mina  yields  about  Ij  times  its  "weight  of  alum, 
from  which,  however,  the  last  traces  of  phos- 
phoric acid  are  removed  with  difliculty.  The 
phos|)]ioric  acid  in  the  mother  liquors  is  valuable 
as  a  manure. 

Methods  have  frequently  been  proposed  for 
the  preparation  of  alum  from  felspar.  Ordinary 
felspar  contains  both  potassium  and  aluminium 
combined  witli  silica  in  larger  proportions  t'lan 
are  contained  in  alum  ;  the  problem  to  bo  solved 
is  the  substitution  of  sulphuric  acid  for  silica. 
A  method  adopted  by  Turner,  said  to  have  been 
originated  by  Sprengel,  consisted  in  the  ignition 
of  a  mixture  of  one  part  of  the  powdered  mineral 
w  ith  one  part  of  potassium  bisulphate  until 
fused  ;  one  part  of  sodium  carbonate  was  then 
added  and  the  whole  again  fused.  The  mass 
was  boiled  with  water  and  the  insoluble  double 
silicate  remaining  was  dccomposeil  by  hot  sul- 
phuric acid  of  sp.gr.  1-20,  and  the  alum  crystal 
lised  out.  On  account  of  the  high  temperature 
required,  this  process  was  not  successful. 

For  the  more  delicate  dyes  the  alum  use  1 
must  be  of  extreme  purity.  Samples  containing 
even  less  than  0  001  p.c.  of  iron  may  be  unsuit- 
able for  certain  purposes.  The  percentage  of 
iron  in  alum  or  in  aluminium  sulphate  is  usually 
determined  by  means  of  a  solution  of  ammonium 
tliiocyanate  standardised  with  iron  alum.  Many 
precautions  are  necessary  in  performing  the 
analysis  (r.Tatlock,  S.  C.  I.  18  57,  270). 

Potassium  alum  crystallises  in  the  cubic 
system,  usually  in  fine  large  colourless  octa- 
hedra  of  sp  gr.  l-7;!5  (Soret,  C.  R.  !)'.),  8117).  Do 
Boisbaudran  has  also  obtained  it  crystallised 
with  hemihedral  faces  of  the  totralicilron.  The 
crystalline  form  is  affected  by  the  presence  of 
other  substances  in  solution,  and  by  the  tem- 
perature. When  formed  at  ordinary  temperatures 
in  the  presence  of  basic  alum,  the  crystals  are 
cubes,  frequently  dull  on  the,  surface  from  the 
jiresence  of  the  basic  salt;  for  this  reason  lloman 
ahnn  usually  forms  cubes.  At  40°C.,  even  in 
presence  of  basic  salts,  octahedra  are  produced. 

According  to  Poggiale  (A.  Ch.  [3]  8,  4(17)  the 
rolubihty  of  this  salt  and  of  ammoniiun  alum  is 
as  follows  :  — 

100  parts  water  dissolve  :  — 
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Potassium  alum  possesses  a  sweetish  astrin- 
gent taste  and  a  strongly  acid  reaction.  The 
aqueous  solution  decomposes  when  heated  with 
precipitation  of  a  basic  alum,  es23ecially  when 
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'.  dilute.  For  this  reason  a  small  quantity,  not 
suHicient  to  Ije  distinguished  by  taste,  is  fre- 
quently added  to  impure  water.  The  gelatinous 
precipitate  carries  with  it  the  colouring  matter 
and  most  of  the  organic  impurities,  producing  a 
slimy  deposit. 

Alum  is  almost  insoluble  in  a  saturated  solu- 
tion of  aluminium  sulphate,  and  is  quite  insoluble 
in  alcohol.  On  exposure  to  air,  the  crystals  become 
white  on  the  surface.  This  change  is  due,  not 
to  the  loss  of  water,  but  to  the  absorption  of 
ammonia  from  the  air,  with  formation  of  a 
basic  salt.  Below  30^0.  they  lose  no  water  ;  at 
42-^  they  evolve  11  molecules  (.luttke,  C.  C. 
18,  777).  In  a  closed  vessel  over  sulphuric 
acid  they  lose  18  molecules  at  01"  (Graham)  and 
become  slowly  anhydrous  at  100",  more  ra^ndly 
in  a  current  of  air.  When  heated  to  dull  re<hiess 
they  are  converted  into  a  porous  friable  mass, 
slowly  soluble  in  water,  known  as  '  Inirnt  alum.' 
At  a  full-red  heat  alumina  and  potassium  sul- 
phate alone  remain. 

When  potassium  alum  is  mixed  with  one- 
third  its  weight  of  carbon  and  heated  to  redness, 
the  residue  is  spontaneously  inflammable  on  ac- 
count of  the  presence  of  finely  divided  potassium 
sulphide,  and  is  known  as  Homber^'s  pyrophorus. 
By  luring  alumina  with  potassium  bisulphateand 
digesting  the  mass  in  warm  water,  anhydrous 
potassium  alum  may  be  obtained  in  crystals  of 
which  5  parts  are  soluble  in  100  of  water  at  lO"^ 
C.  and  74-5  parts  at  100''  (>Salm-Horstmar,  J.  Pr. 
52,  319). 

On  the  addition  of  caustic  soda  or  sodium 
carbonate  to  a  solution  of  alum  until  the  pre- 
cipitate at  first  produced  is  only  just  redissolved 
on  agitation,  I.e.  when  two-thirds  of  the  acid  has 
been  neutralised,  the  solution  contains  a  neutral 
basic  alum,  known  as  neutral  atiiiii,  together 
with  sodium  sulphate.  This  solution,  on  ac- 
count of  the  ease  with  which  it  gives  up  its 
excess  of  alumina  to  the  fabric,  is  used  by  dyers 
as  a  mordant.  Commercial  potassium  aluui 
is  frequently  mixed  with  ammonium  alum. 

Alum  is  very  largely  used  in  the  preparation 
of  '  red  li<p)or  ' ;  in  the  preparation  of  leather  ; 
as  a  size  and  weighting  for  paper  ;  mixed  witli 
sawdust  it  is  used  as  the  fire-proof  material  of 
safes.  Bee  also  Austen  and  Wilber  (C,  N.  51,  241). 

Ammonium  alum 

(X I  r  ,),so  „.\i,,o.,(f^O:,)-..2  iTio. 

occurs  as  Tsclu'rmiijitcm  Bohemia.  Ammonium 
alum  forms  c.ystals  corresponding  exactly  witii 
those  of  potassium  alum,  but  is  less  soluble  \\} 
water  ;  insoluble  in  alcohol ;  sp.  gr.  J.-G31  (Soret). 
The  saturated  solution  boils  at,  110-(j°C.  and 
■contains  207  7  pts.  of  the  alum  to  100  pts.  of 
water  (Mulder).  When  heated,  the  crystals  swell 
and  form  a  porous  mass,  losing  water  and  sul. 
phuric  acid;  at  a  high  temperature  alumina  alone 
remains.  In  its  general  properties  and  uses  it 
resemliles  potassium  alum. 

Sodium  .alum  Na,S0-,Al_O,(S0,)„24n,O. 
Occurs  as  mendosUc  in  S.  America,  and  in  .Japan 
(Divers,  e.  N.  44,  2ls). 

The  crystals  of  this  alum  resemble  those  of 
other  alums,  but  ettloresce  and  fall  to  pieces  in 
air.  Tlwii-  RP-gf-  is  l-(i'17  (Soret).  At  lO-'C. 
100  parts  of  water  dissolve  110  parts  of  this 
alum.  It  is,  therefore,  difficult  to  crystallise 
and  purify  from  iron.    On  account  of  the  lower 
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cost  of  sodium  salts  it  would  be  lai-Roly  used  in 
place  of  tlic  other  and  more  expensive  alums,  if 
it  could  be  easily  purified  by  crystallisation. 
Messrs.  P.  and  F.  M.  Spence  have  patented  a 
process  with  this  object  (Eng.  Pat.  1881,  5,650). 

Aluminium  sulphite  Al.p3(S0J|. 

Tlic  bisnlphile  has  been  used  by  Beclcer 
(D.  P.  J.  257,  BOO),  Saclioniel  (S.  C.  I.  1887,  14:^) 
and  others,  for  the  pcrli'ication  of  beet  sugars. 
Becker  prepares  for  this  purpose  a  solution  of 
sp.gr.  1-1G7  containing  4-37  p.c.  alumina  and 
13''J  p.c.  sulphurous  oxide,  by  dissolvmg  the 
hydrated  oxide  in  sulphurous  acid. 

Aluminium  phosphates.  As  hydrated  phos- 
phate aluminium  occurs  in  the  turquoise,  and 
enters  into  the  comjiosition  of  icavcUite,  larai- 
lile  and  cjibbsitc.  It  is  found  in  considerable 
quantity  in  mineral  phosphates,  asnn  theKedonda 
phosphates  which  have  been  used  for  the  pre- 
paration of  alum  and  for  fertilisers  (v.  Alujis  ; 
M.uv'uuEs).  A  massive  stony  variety  is  found  on 
the  island  of  AnguiUa  in  the  West  Indies. 

Aluminium  thiocyanate  or  sulphocyanate 
has  been  proposed  as  a  substitute  for  aluminium 
acetate  for  alizarin,  steam  reds,  &c. ;  the  colours 
produced  are  said  to  be  especially  permanent 
(v.  Storch  and  Strobel,  D.  P.  J.  241,  4(34,  and 
Gottlieb  Stein,  D.  P.  J.  250,  36). 

Lauber  and  Haussmann  (D.  P.  J.  245,  306) 
recommend  the  following  method  of  preparation  : 
5  kilos  aluminium  sulphate  are  dissolved  in 
5  litres  boiling  water,  250  grams  of  chalk  are 
added,  followed  by  11"5  litres  of  crude  calcium 
thiocyanate  solution  of  30°Tw.,  and  the  whole 
well  stirred  and  allowed  to  settle.  The  clear 
liquid  is  ready  for  use. 

Aluminium  permanganate  v.  Manganese. 

Aluminium  silicates.  These  compounds  are 
exceedingly  numerous  and  important.  As  an 
anhydrous  silicate,  with  silicate  of  iron,  calcium, 
magnesium,  &c.,  aluminium  occurs  in  the 
varieties  of  garnet,  crystallising  in  the  regular 
system.  As  silicate  of  aluminium,  calcium,  and 
sodium  it  is  found  in  lapis  lazuli,  which 
was  formerly  used  as  nlhrimarine.  It  is  now 
r  'placed  by  artificial  ultramarine  {v.  Ultra- 
mahine).  As  silicate  of  aluminium,  combined 
with  potassium,  iron,  and  magnesium,  it  occuvi 
in  the  viieas.  As  double  silicate  of  aluaii- 
nium,  potass  um,  sodium,  magnesium,  or  cal- 
cium, it  forms  the  varieties  of  felspar  which 
occur  in  immense  quantities  in  eruptive  rocks. 
By  the  decomposition  of  felspar  by  the  carbonic 
acid  in  the  atmosphere  and  in  rain  or  spring 
water,  the  alkaline  compounds  are  removed, 
leaving  clay  of  more  or  less  purity  (y.  Clay), 
which,  under  pressure,  becomes  hardened  and 
laminated,  forming  shale,  and  finally  slate  (q.  v.). 
Many  of  the  silicates  of  aluminium  are  of  great 
importance,  and  of  the  widest  application.  The 
more  important  of  them  are  specially  considered 
under  tlieir  applications  [v.  Potteuy;  Porcelain). 

Aluminium  acetate.  Red  liquor  (v.  Alumi- 
nium acetates,  art.  Acetic  acid). 

The  compounds  of  aluminium  with  the  higher 
fatty  acids  are  used  for  increasing  the  viscosity  of 
mineral  lubricating  oils,  under  the  names  '  oil 
pulp  '  and  '  fluid  gelatin  '  (L.  Marquardt,  Fr.  25, 
15'J). 

Aluminium  oleate  is  a  soft  white,  putty-likc 
substance,  of  great  tenacity,  insoluble  in  water, 


soluble  in  ether  and  petroleum.  A  mixture  of 
oleate,  palmitate,  and  other  fatty  salts  is  pro- 
duced from  whale,  cotton  seed,  and  similar 
oils  by  saponification  with  soda  and  addition 
of  the  sodium  salt  so  produced  to  a  solution  of 
alum.  The  gummy  precipitate  is  known  as  '  oil 
pulp,'  and  is  dissolved  in  4  or  5  parts  of  mineral 
oil  to  form  a  •  thickener '  for  addition  to  the  lubri- 
cator. A  sample  of  oil-pulp  resembling  thick 
gelatin  had  a  sp.gr.  of  0-i)21,  and  contained 
6  p.c.  alumina  combined  with  30  p.c.  fatty  acids, 
together  with  15  p.c.  lard  oil,  and  48  p  c.  paraffin 
oil  (Oil  and  Colourman's  Journ.  4,  403). 

Aluminium  palmitate  is  a  constituent  of  oil 
pulp.  It  may  be  prepared  in  the  same  manner 
as  the  oleate,  from  palm  oil.  It  forms  a  resinous, 
elastic,  inodorous,  neutral  substance,  insoluble 
in  water,  but  readily  soluble  in  petroleum  and 
turpentine.  K.  Lieber  (D.  P.  J.  240,  155) 
recommends  the  use  of  the  latter  solution  as  a 
varnish.  It  imparts  a  glossy  appearance  to 
paper,  leather,  A'C,  and  renders  them  waterproof 
without  affecting  their  elasticitv. 

ALUNITE  or  ALUM  STONE.  A  basic  sul- 
phate of  aluminium  and  jDotassium  found  chiefly 
in  volcanic  districts,  viz.  at  Tolfa,  near  Civita 
Vocchia  ;  at  Solfatara,  near  Naples ;  at  Puy  de 
Garcey,  Auvergne ;  and  other  localities.  In 
most  places  it  appears  to  have  been  formed  by 
the  action  of  volcanic  exhalations  upon  trachytic 
rocks  or  breccias  (A.  v.  Lasaulx,  J.  M.  1874, 
142).  The  alunite  of  Breuil,  Auvergne,  how- 
ever, seems  to  have  been  formed  by  the  oxida- 
tion of  iron  pyrites  or  of  marcasite  contained 
in  the  clay. 

The  composition  of  alunite  is  shown  in  tho 
following  analyses  : — 

Breui',  by  Trucliot     Toin>,  bv  Guyot 
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29-74 
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Fe.O. 
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1-20 

SiO,, 

8-2 

22-71 
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11-20 
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V.  ALUSIINinM). 

ALUNOGEN. 

Native  aluminium  sulphate. 

so. 

Al.,0, 

FeO        CaO  M-0 

a  36-935 

13-479 

2-88j 

0-157    0-140  0-133 

h  34-685 

15-198 

c  34-43 

15-52 

K.O 

Na,0 

In  sol. 

}T..0 

a  0-87 

0-131 

0-235 

45-109  =  99-299 

b  0-337 

0-931 

1-314 

47-535  =  100 

c  — 

7-62 

42-56  =100-13 

a.  From  mineral  on  shale,  Nova  Scotia 
(Adams,  C.  J.  40,  545). 

b.  Found  as  an  efflorescence  in  New  South 


Wales  (Liversidge,  J.  Boy.  Soc.  N.  S.  W.  14,  213  ; 
C.  J.  40,  991). 

c.  From  Gila  River,  New  Mexico  (Clarke  and 
Chatard,  C.  J.  48,  492;  Am.  S.  [3]  28,  20-25) 
(y.  Alu.miniuji). 

ALVA  or  ALFA  v.  Esparto. 

ALVELOS.  A  name  applied  to  the  EupJiorbia 
lieterocloxa,  growing  in  Brazil,  the  juice  of  wliicli 
is  used  as  a  cure  for  cancer  (Ph.  [3]  15,  614). 

AMADOU  or  GERMAiV  UNDER.  {Aiimdon, 
Fx.;  Z uncle rscltwattnn,  Ger.)  A  spongy  com- 
bustible substance,  prepared  from  a  species  of 
fungus.  Boletus  igiiiarius,  which  grows  on  tiie 
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trunks  of  cherry  trees,  ashes,  beeches,  &c.  It 
must  be  plucked  in  the  months  of  August  and 
September.  It  may  also  be  prepared  from 
B  )lctns  fomentariiis,  another  indigenous  fungus, 
found  on  the  oak  and  bu-cli.  It  was  formerly 
used  in  surgery,  and  has  hence  been  called  sur- 
geons' agaric.  Amadou  is  prepared  by  removing 
the  outer  bark  and  carefully  separating  the 
yellow-brown  spongy  substance  which  lies  within 
it.  Tliis  substance  is  cut  into  thin  slices,  and 
beaten  with  a  mallet  to  soften  it,  till  it  can  bo 
easily  pulled  asunder  between  the  fingers.  In 
this  state  it  is  useful  in  surgery.  To  convert  it 
into  tinder,  it  is  then  boiled  in  a  strong  solution 
of  nitre,  dried,  beaten  anew,  and  put  a  second 
time  into  the  solution.  Sometimes,  to  render 
it  very  inflammable,  it  is  imbued  with  gunpowder, 
whence  the  distinction  of  black  and  brown 
amadou. 

AMALGAII.  An  alloy  of  mercury  with  some 
other  metal  or  metals. 

There  are  four  general  methods  for  jjreparing 
amalgams. 

1.  Metallic  mercury  is  brought  into  contact 
with  the  other  metal,  either  in  the  solid  or  in  a 
hnely-divided  state  at  the  ordinary,  or  at  a 
higher  temperature.  In  this  way  amalgams 
of  antimony,  arsenic,  bismuth,  cadmium,  mag- 
nesium, potassium,  silver,  sodium,  tellurium, 
thorium,  tin,  zinc,  and  lead  may  be  obtained. 

2.  Mercury  is  brouglit  into  contact  with  a 


saturated  solution  of  a  salt  of  the  metal,  when 
part  of  the  mercury  goes  into  solution  and  the 
remainder  co  nbines  with  the  liberated  metal ;  or 
better  still,  zinc  or  sodium  amalgam  is  emjjloyed, 
when  the  zinc  or  sodium  disjjlaces  the  metal  in 
the  solution.  By  this  method  amalgams  of  bis- 
muth, calcium,  chromium,  iridium,  iron,  magne- 
sium, manganese,  osmium,  palladium,  and  stron- 
tium may  be  prepared  by  using  sodium  amalgam; 
and  cobalt  and  nickel  by  using  zinc  amalgam 
(JJoissa.i,  C.  R.  1879;  C.N.  b9,  84). 

3.  The  metal  to  be  amalgamated  is  ])laced  in 
a  solution  of  a  mercury  salt ;  copper  may  be 
amalgamated  by  this  process. 

4.  The  metal  is  placed  in  contact  with 
meicury  and  dilute  acid ;  this  is  the  method 
usually  employed  in  amalgamating  zinc.  Irun, 
aluminium,  palladium,  nickel,  and  cobalt  may 
be  made  to  combine  with  mercury  by  this  pro- 
cess if  they  be  placed  in  coiitact  with  a  stick  of 
zinc  (Casamajor,  C.  N.  34,  36;  Ar.  Ph.  [3J  11, 
G4  ;  C.  J.  [2]  34,  474). 

The  combination  of  sodium  with  mercury  by 
Method  1  takes  place  with  great  energy,  heat 
and  light  being  produced.  It  is  best  prepared  by 
combining  a  small  portion  of  the  mercury  with 
the  sodium,  and  then  adding  the  remainder  to 
the  amalgam. 

Native  amalgams  are  found  in  various  parts 
of  the  world.  The  following  table  contains  the 
analyses  of  a  few  :  — 
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MnFelielliiiiil-boi-r 
Palatiuiite. 

AUemont, 
3)aiipliiin>. 
Salagrube, 
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Frieili-icb^segcn.- 
Miiie. 


Mariposa, 
Califuniia. 

Cboco, 
New  Grenada. 


Analyst  ami 
llefereuce 


Fligbt,  P.  M. 

[5]  9,  14G  : 
C.J. [2] 38, 707 

Klnprotli, 

lire  1. 
He  c-r. 
Cinlier, 

Noril-briiiii, 
J.  .35,  1,  621. 

Weiss, 
J.  3G.  1828; 

Z.  geol. 
Ges.  34,  817. 
Ure. 


Sclinoirler. 
Uro. 


Gold  and  silver  in  the  metallic  state  are 
extracted  from  their  ores  by  grinding  the  ores 
and  making  them  pass  through  mercury.  (For 
details  v.  these  metals,  and  May,  S.  C.  I.  4, 
352;  Moon,  id.  4,  678;  Miller,  id.  4,  122; 
Whitehead,  id.  4,  503 ;  Fisher  and  Waber,  id. 
4,  351  ;  Barker,  D.  P.  J.  251,  32;  Body,  id.  252, 
33;  Molloy,  id.  254,  210;  Bonnet,  id.  254,  297  ; 
Cassel,  id.  257,  286;  Jordan,  id.  258,  163; 
Hollick,  id.  258,  168.)  When  the  mercury  has 
taken  up  a  quantity  of  gold,  the  amalgam  is 
squeezed  through  chamois  leather,  when  the 
greater  portion  of  the  gold  is  left,  combined  with 
a  little  mercury,  as  a  pasty  mass.  Kazantseff 
(Bl.  [2]  30,  20  ;  C.  J.  [2]  34,  937)  finds  that  the 
mercury  which  escax>es  contains  at  ordinary 
temperatures  0-126  p.c.  of  gold,  at  0°  O'llO  p.s. 
and  at  100^  C.  0-650  p.c.  thus  behaving  Uke  an 
aqueous  solution. 

Bertlielot  also  finds  that  the  solution  of  deli- 


)iite  amalgams  in  different  quantities  of  mercury, 
like  the  solution  of  salts  in  water,  absorbs  a  con- 
stant amount  of  heat ;  thus  the  heat  of  solutioij 
of  Hg,|K  in  four  times  its  weight  of  mercury  is 
—  8-0  kil.  deg.  of  heat,  and  in  twenty  times  —9-0 
kil.  deg.  (C.  K.  89,  465 ;  C.  J.  [2]  38,  1). 

According  to  Berthelot  the  maximum  heats 
of  formation  for  amalgams  of  potassium  and 
sodium  are  34-2  and  21-1  corresponding  -with 
Hg  .,K,  a  crystalline  compound  containing  1-6  p.c. 
of  potassium,  and  Hg,.^Na  containing  2  p.c.  of 
sodium.  In  these  amalgams  the  I'elative  affinities 
of  the  free  alkali  metals  are  inverted  :  this  ex- 
plains Kraut's  and  Popp's  observation  that  so- 
dium displaces  potassium  when  potassic  hydrate 
is  treated  with  sodium  amalgam,  the  final  result 
being  the  formation  of  IIg,,Na  (C.  R.  88,  1,335). 

Wiedemann  states  (W.'  [2]  3,  237-360 ;  C.  J. 
[2J  34,  466)  that  the  specific  heats  of  tin  and  of 
its  amalgams  Snllg  Sn.Hgare  nearly  tlie  same  at 
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high  temperatures,  -which  -would  be  the  case  if  it 
be  assumed  that  the  specific  heats  of  alloys  are 
the  mean  of  their  components ;  but  SnHg  at 
128°C.  and  Sn^Hg  at  1()4°C.  behave  like  a  mix- 
ture of  a  solid  and  a  liquid. 

By  heating  alloys  of  mercury  to  the  boiling- 
points  of  sulphur,  mercury,  and  diphenylamine, 
Sonza  (B.  9,  1060)  obtained  amalgams  repre- 
sented by  the  formula  in  the  annexed  table  : — 
Sul|iliiu- v.ipour  Mcrcurv  our  DipIiLin  l^imiue  v.q.our 
Au.Hg  Au„Hg  An.Hg 

Ag„Hg         Ag„Hg  Ag.Hg 
Cu.Hg         Cu,,Hg  Cu,,Hg 
K  ,Hg  *  — 
Na'Hg  — 
Pb.Hg 

But  according  to  Merz  and  Weith  amalgams 
of  gold,  silver,  copper,  lead,  tin,  bismuth,  cad- 
mium, and  zinc  lose  their  mercury  if  kept  at 
these  temperatures  for  seme  hours.  Potassium 
and  sodium  also  slowly  part  with  mercury  (B.  14, 
1,(88;  C. -J.  40,  881).  'Ammonium  amalgam' 
is  prepared  by  acting  on  a  saturated  solution  of 
ammonium  chloride  with  sodium  amalgam  ;  the 
amalgam  thus  obtained  soon  breaks  up  into 
mercury,  and  ammonia,  and  hydrogen  gases. 
According  to  Wethcrill  (Am.  S.  [2]  50,  IGO) 
this  compound  is  not  a  true  amalgam,  as  when 
an  ammoniacal  solution  is  electrolysed,  the  nega- 
tive pole  being  a  spongy  plate  impregnated  with 
mercury,  no  amalgam  is  formed.  Landolt  (Z.  [2] 
5,  429)  draws  attention  to  the  fact  that  ammo- 
nium amalgam  does  not  reduce  solutions  of  silver 
nitrate,  ferric  chloride,  or  cupric  suli^hate,  as  do 
sodium  and  potassium  amalgams. 

Seeley  (C.  N.  21,  265)  has  shown  that  on  j 
submitting  ammonium  amalgam  to  pressure,  its  ; 
volume  diminishes  in  the  same  way  that  gases 
do,  and  hence  he  considers  that  the  ammonia 
and  hydrogen  exist  in  the  amalgam  as  gas,  and 
that  the  spongy  mass  is  only  a  froth  of  mercury 
inclosing  these  gases. 

Gellatlin  (Z.  [2]  6,  607)  asserts  that  when  am-  ' 
monium  amalgam,  free  from  sodium,  is  placed 
in  contact  with  phosphorus,  phosphuretted  hy-  ^ 
diogen  is  evolved,  and  he  infers  that  the  hydrogen 
must  be  in  the  nascent  state.  I 

Pfeil  and  Lippmann  (C.  E.  62,  426)  state 
that  trirnethylamine  hydrochloride  also  forms  a 
spougy  amalgam  which  quickly  decomposes  with 
evolution  of  hydrogen  and  formation  of  tri- 
methylamine  ;  saturated  solutions  of  the  hydro- 
chlorides of  aniline,  coniine,  morphine,  and 
quinine  give  oli  hydrogen  only. 

Elsctrical  amalgam  is  made  by  melting  to- 
gether 1  part  of  zinc  and  1  part  of  tin,  and  then 
adding  3  parts  of  mercury. 

Silveiing  amalgams.  For  metals,  1  part  of 
silver  to  8  parts  of  mercury  ;  for  glass,  1  part 
each  of  lead  and  tin,  2  parts  bismuth,  and  4  parts 
mercury. 

Tooth  cements.  1.  A  gold  amalgam  contain- 
ing enough  mercury  to  make  it  doughy  at  the 
temperature  of  boiling  water.  2.  One  part  of 
zinc  tilings  and  2  parts  of  mercury,  mixed  and 
applied  at  once.  3.  Amalgam  containing  0-25 
to  0'30  of  copper. 

AMANITA  MUSCARIA.  Agaricus  muscarius. 
Fly  agaric.  A  poisonous  fungus,  used  in  Kamt- 
schatka  and  Siberia  as  a  narcotic  and  intoxicant, 

*  A  crystalliue  compouud  with  a  silvery  lustre. 


and,  when  steeped  in  milk,  as  a  fly  poison.  A 
narcotic  organic  base,  vimcarine,  C^H,^NO^, 
which  is  the  hydrated  aldehyde  of  betaine',  has 
been  isolated  from  it  (Sehmiedeberg  and  Har- 
nack,  J.  1876,  804). 

AMABANTH  r.  Azo-  colouring  matteks. 
AMAZOj:^  stone,  a  variety  of  orthoclaso, 
found  at  Lake  Ihnen,  Russia,  of  a  bluish-green 
colour;  and  at  Baikal,  Siberia,  in  silvery  spangles 
on  a  green  base.  The  colouring  matter  is  said  to 
be  due  to  organic  iron  salts  (Konig,  J.  30,  1,333). 
Used  for  making  trinkets. 

AMBAB,  liquid,  a  resin  obtained  from 
Liqiiidamhar  stijracvfLua  growing  in  Louisiana 
and  Mexico.  It  is  of  the  consistence  of  tur- 
pentine, has  a  brown  ashen  grey  colour,  dries 
up  readily,  smells  like  gum  benzoin,  has  a 
bitter  sharp  burning  taste,  is  soluble  in  4  pans 
of  alcohol.  It  contains  1-4  p.c.  benzoic  acid. 
AMBEB.  Ambre,  Snccin,  Fr.  Bernstein, 
j  Elccti  iim,  Agtstein,  gelbes  Erclliarz,  Ger.  The 
j  fossil  resin  of  the  Pintles  succinifer,  found  o:i 
the  southern  coast  of  the  Baltic,  in  the  diluvial 
soils  of  Prussia,  in  Saxony,  Poland,  Sicily,  and 
Maryland,  U.S.  The  amber-bearing  stratum  of 
the  Baltic  lies  partly  below  the  sea  level ;  it  con- 
sists of  a  coar.sc  green  sand,  the  particles  of 
which  are  covered  with  a  yellow  coating.  Amber 
is  found  in  it  to  the  extent  of  one  kilogram  per 
20  cubic  feet. 

Amber  is  a  hard,  brittle,  tasteless  substanca, 
usually  semi-transparent  or  opaque,  and  of  a 
glassy  surface  ;  it  is  found  in  all  colours,  but 
most  commonly  yellow  or  orange;  it  frequently 
contains  leaves  and  insects.  Statements  differ 
as  to  its  sp.gr. :  Helm  (Ar.  Ph.  [3J  11,  229,  246 ; 
C.  J.  [2]  34,  323)  gives  it  as  varying  between 
1-05  and  1-095  ;  Ure,  between  l-0u5  and  1-070  ; 
Reboux  (A.  Ch.  [5J  9,  138,  144  ;  G.  J.  [2]  32, 
903),  between  1-09  and  1-11.  Its  hardness  varies 
from  2  to  2-5.  Its  fracture  is  conchoidal,  and  it 
is  susceptible  of  a  high  polish.  It  is  worked  on 
a  lathe  with  whiting  and  water  or  rotten  stone 
and  oil,  and  finished  off  by  friction  with  a 
flannel.  A  large  amount  of  electricity  is  thus 
generated,  and  the  amber  is  apt  to  splinter. 
Amber  is  mended  by  smearing  the  fracture  with 
linseed  oil,  pressing  the  pieces  firmly  together, 
and  holding  over  a  charcoal  fire.  Amber  is 
coloured  by  placing  it  in  linseed  oil  coloured 
with  dragon's  blood,  alizarine,  purpurine,  or 
indigo,  heating  to  190-200°,  and,  after  keeping 
the  temperature  steady  for  a  few  minutes,  allow- 
ing to  cool  slowly.  If  heated  in  a  fluorescent 
oil  the  amber  becomes  fluorescent  (Hanausek, 
•C.  C.  15,  461 ;  S.  C.  I.  3,  491  ;  Ph.  [3]  14,  56il). 
Amber  is  soluble  in  alkalis  without  decompo- 
sition, colours  sulphuric  acid  purple,  and  is 
soluble  in  chloroform. 

According  to  Helm  (I.e.),  Prussian  amber 
contains  from  17  to  22  p.c.  of  a  substance  melt- 
ing at  lOo'^C.,  soluble  in  alcohol ;  5  to  6  p.c.  of  a 
substance  melting  at  145°,  insoluble  in  alcohol, 
but  soluble  in  ether ;  7  to  9  p.c.  of  a  body  melt- 
ing at  175^0.,  insoluble  in  alcohol  and  ether, 
but  dissolving  in  caustic  potash  ;  44-60  p.c.  of 
an  insoluble  bitumen,  C,|,H,„0,  having  the  com- 
230sition  of  ordinary  camphor ;  and  3-2  8-2  suc- 
cinic acid. 

Clear  yellow  amber  has  no  characteristic 
a]3pearance  under  themicrosc-ipe,  but  the  opaque 
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or  wliitc  variety  uiidi  r  200  "lOO  d'aiiu'lrrs  is 
seen  to  be  full  of  round  cavities.  Aiubor  eon- 
tains  sulphur,  the  quantity  ranging  from  0-26 
to  O  Si  p.c.  (Helm,  Ar.  Ph.  [3J  1;5,  4!)0;  C.  J.  [2] 
8  i,  300).  John.  (J.  1870,  1,272)  gives  the  fol- 
lowing analyses  of  amber  : — 

C.  II.  0.  S. 

80-75  10-02  9-23  0-3r, 

80-29  10-57  9  14  0-32 

A  solution  of  amber  (1  kilo  in  2  kilos  of 
chloroform)  has  been  applied  to  silken  gcods  to 
give  softness  and  elasticity  (O.  Thummel,  S.  C.  I. 
2,  378).  Amber  is  valued  by  Turks  and  other 
Orientals  as  a  charm  against  infection.  Its  chief 
use  in  England  is  in  jewellery  and  for  mouth- 
pieces to  pipes. 

Natural  amber  when  rubbed  has  an  aromatic 
odour,  which  copal  and  '  mellite'  (artificial  amber) 
do  not  possess.  Natural  amber,  when  greased 
and  warmed,  can  be  bent,  but  copal  and  mellite 
will  not  bend  under  this  treatment.  Copal  melts 
at  a  low  temperature,  changes  colour  at  100"C. 
and  loses  water  ;  natural  amber  does  not  melt 
at  100'',  but  blackens  and  gives  off  a  suffocating 
gas  ;  it  also  burns  with  a  yellow  flame,  leaving  a 
light  lustrous  coal.  'Mellite'  is  infusible  and 
leaves  a  white  residue.  Natural  amber  is  harder 
than  artilicial  amber,  and  resists  the  pressure 
of  the  finger  nail.  Iteboux,  A.  Ch.  [5]  !),  138  ; 
C.  J.  [2]  32,  903  ;  C.  N.  37,  31 ;  and  Cooley,  1  ; 
V.  also  IIesins. 

AMBER,  OIL  OF.  When  amber  is  heated 
it  softens,  fuses,  and  gives  off  succinic  acid,  water, 
oil,  and  a  combustible  gas.  If  the  residue 
(colophony  of  amber)  be  more  strongly  heated, 
a  colourless  oil  passes  over.  These  oils,  accord- 
ing to  Pelletier  and  Walter  (A.  Ch.  [3]  9,  89) 
have  the  composition  of  oil  of  turpentine.  By 
distilling  with  water,  a  pale  yellow  oil,  having  a 
strong  odour  and  acrid  taste,  can  be  obtained. 
It  blackens  and  thickens  on  exposure  to  air  and 
heat,  boils  at  8G°,  and  has  a  sp.gr.  of  758  at  24°. 
One  part  of  the  rectified  oil  mixed  with  24  parts 
alcohol  (0-830)  and  90  of  caustic  ammonia,  forms 
can  lie  luce,  a  celebrated  old  perfume.  By  mix- 
ing '  eau  de  luce '  with  nitric  acid,  artificial 
musk  is  made.  Its  solution  in  alcohol  was  for- 
merly considered  as  a  specific  for  whooping- 
cougli  (v.  also  liESlNs). 

AMBER  VARNISH  v.  Varnish. 

AMBEKGRIS.  (Ainhicriris,  Vy.\ Amhra,  Am- 
har,  (xer.)  Is  found  in  the  sea,  near  the  coasts  of 
tropical  countries,  and  in  the  intestines  of  the 
spermaceti  whale  (I'hijseter  macroccphalua). 

Ambergris  is  generally  found  in  fragments, 
but  a  piece  has  beeii  obtained  weighing  225  lbs. 
Its  spgr.  ranges  from  0-780  to  0-920  (-780  to 
S'.IO  Brande,  -908-920  Pereira).  If  of  good 
(piality,  it  adheres  like  wax  to  the  edge  of  a 
1  nife  with  which  it  is  scraped,  retains  the 
impression  of  the  nails,  and  emits  a  fat  odori- 
ferous liipiid  on  being  penetrated  with  a  hot 
needle.  It  is  generally  brittle,  but  on  rubbing  it 
with  the  nail  it  becomes  smooth  like  hard  soap. 
Its  coknu-  varies  from  black  to  white.  Its  smell 
is  peculiar,  and  not  easily  counterfeited.  It 
melts  at  02-2°C.,  at  100"'C.  it  is  volatilised  as  a 
white  vapour;  on  a  red-hot  coal  it  burns  and  is 
entirely  dissipated.  Water  has  no  action  on  it ; 
acids,  except  nitric  acid,  act  feebly  upon  it ; 
ether  and  the  volatile  oils  dissolve  it  ;  so  do 


tl;c  tixcd  oils,  and  also  ammon'a  when  assisted 
by  heat  ;  alcohol  dissolves  a  portion  of  it. 

The  principal  constituent  of  ambergris  is 
amhrc'Cn  ;  its  inorganic  constituents  are  carbon- 
ate and  phosphate  of  calcium,  with  traces  of 
ferric  oxide  and  alkaline  chlorides. 

Used  by  perfumers.  The  Chinese  test  its 
purity  by  scraping  it  upon  boiling  tea,  in  which 
it  should  dissolve  (Ure). 

AMBLYGONITK.  A  greenish  -  coleuri'd 
mineral,  marked  on  the  surface  with  reddish  and 
yellowish  brown  spots,  translucent,  brittle,  intu- 
mesces  and  fuses  to  a  white  enamel. 

r.O,  AL^Oj  Li.O  Nii.O  K.O       P  Fe.O,  H.O 

<i.  17-15  8S-43  7-03  a-iia  U-43  8  1 1       —  — 

h.  30-00  2S-6G  —  _  _         l-Tl  _ 

c.  18  20  31-83  10-18      —        —  0-45       —  3-OG 

a.  From  Chursdorf  and  Armsdorf,  Pinig, 
Saxony,  Handwb.  d.  Chem.  2  Auf.  1,  005;  I)ana, 
2,  409. 

b.  Thenard,  M.  S.  [3]  9,  1,175;  J.  32,  1,204. 

c.  Rammelsberg,  J.  M.  18^3,  1,  14  ;  J.  30,  ISt;.'"). 
Thenard  (I.e.)  uses  this  mineral  for  the  manu- 
facture of  superphosphates  (;■.  also  I/Itiiium). 

AMBREIN.  Avibrein(\  Fr.  Awbar.^tnff,  Ger. 
Isolated  by  I'elletier  and  Caventou,  by  digest- 
ing ambergris  in  hot  alcohol,  sp.gr.  0-827.  It 
is  of  a  brilliant  white  colour,  has  an  agiecable 
odour,  is  destitute  of  taste,  is  insoluble  in  water, 
dissolves  readily  in  alcohol  and  ether.  Melts  at 
30°C.,  and  is  volatilised  above  100''C. ;  is  non- 
saponifiable ;  is  converted  by  nitric  acid  into 
auibrcic  acid.  Ambiein  is  probably  impure 
cholesterin.  Pelletier  (A.  0,  24)  found  it  to  con- 
tain 83-3  p.c.  C,  13-3  H,  and  3-31  p.c.  O. 

AMBRITE  V.  Resins. 

AM8R0SINE.  A  resinous  minei-al  found  in 
the  phosphatic  beds  near  Charleston,  South 
Carolina,  U.S. 

AMERICAN  COW  or  MILK  TREE  WAX 
V.  W\x. 

AMERICAN  ELEMI  r.  Olko-rksins. 
AMETHYST.     Tetnuiietliyl   salfranine  and 
tetra-amyl  saffranine  are  found  in  commerce 
under  this  name  (v.  Azini'.s). 

AMETHYST,  ORIENTAL,  v.  Corundi-m. 
AMIANTHUS.  [Ainiante,  Fr.)  Mdinilciiii 
flax.  The  whiter  and  more  delicate  varieties  of 
asbestos,  imrticularly  those  possessing  a  satiny 
lustre.  A  variety  found  at  Oisans,  France,  is 
somewhat  elastic  (v.  Ashestos). 

AMIDE  POWDER.    An  explosive  similar  to 
ordinary  gunpowder,  in  which,  in  place  of  the 
sulphur,  an  ammonium  salt   is  employed  in 
combination  with  saltpetre,  in  such  proportions 
that  on  ignition  potass-amide,  volatile  at  high 
temperatures,  is  formed.     This  increases  the 
useful  effect  of  the  explosive,  which  burns  with- 
out residue  (Gaens.  Eng.  Pat.  14,  412,  18.s,'j  ; 
S.  C.  I.  5,  07S). 
j       AMIDOAZOBENZENE  or  ANILINE  YEL- 
LOW r.  A/(i-  eoLouKiNG  matters. 
[       AMIDOGENE.    An  explosive  made  by  dis- 
1  solving  73  parts  of  potassium  nitrate  and  1  part 
I  magnesium  sulphate  in  one  third  their  weight  of 
boiling  water;  8  parts  of  ground  wood  charcoal, 
8  parts  of  bran,  and  10  parts  of  sulphur  are  adiled, 
and  the  whole  is  digested  for  two  hours  at  140"; 
it  is  then  dried  at  50°  and  made  into  cartridges 
(Gemperle,  S.  C.  I.  3,  191  ;   1,  201  ;  Biedcr- 
I  uiauirs  Chem.  Tech.  Jalirb.  7,  140). 
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AMIDONAPHTHOPHFNAZINE  v.  Azines. 
AMIDOPHENOPHENANIHRAZINE  v. 

AZINES. 

AMLAKI  (Bcng.),  ANVULA  (Hind.),  AWLA 
(Bomb.),  TOPf  I  (Tamil).  The  fruit  of  PhijUan- 
thus  emhlica  (emblic  myrobolams),  used  in  a 
fresh  condition  as  a  laxative,  and,  when  dried,  as 
an  astringent  (Dymoek,  Ph.  [3]  10,  382). 

AMMIOLITE.  A  red  earthy  mineral  from 
Chili,  containing : 

^^b  Te  Cu  H?  SiO, 

30-5       14-8        12-2       22-2  2-5 
(Eanmielsberg,  Mineralchemie,  i'2'6). 

AMMONIA.  Volatile  alkali;  Alkaline  air; 
Spirit  of  hartshorn,  NHj.  Solutions  of  am- 
monia have  been  known  from  very  early  times, 
but  the  substance  itself  was  first  clearly  recognised 
by  Priestley,  who  obtained  it  by  boiling  the 
aqueous  solution  and  collecting  the  gas,  which 
he  temieA alkaline  air,  over  the  mercurial  pneu- 
matic trough.  Scheele  proved  that  it  contained 
nitrogen,  and  Berthollet,  and,  more  accurately, 
Austin,  demonstrated  its  real  nature  and  deter- 
mined the  properties  of  its  constituents. 

Ammoniaeal  salts  are  found  in  small  quan- 
tity in  the  air  and  in  most  natural  water  ;  in 
the  juice  of  plants,  in  most  animal  fluids,  and 
in  many  soils,  and  in  a  few  minerals,  ochres, 
clays,  marls,  Ac.  Ammonia  can  be  syntheti- 
cally obtained  in  small  quantity  by  the  action 
of  the  silent  discharge  on  a  mixtui-e  of  nitrogen 
and  hydrogen  (Donkin,  P.  21,  281),  or  as  nitrite 
hy  means  of  a  strong  induction  spark,  or  a  mix- 
ture of  nitrogen  and  water  vapour  (Thenard, 
C.  R.  7(5,  983) ;  or  as  chloride,  by  passing  electric 
sparks  through  a  mixture  of  hydrogen  chloride, 
nitrogen, and  hydrogen  (Deville,  C.  li.  GO,  317) ;  or 
by  the  action  of  heated  spongy  platinum,  pumice, 
&c.,  on  a  mixture  of  hydrogen  and  nitric  acid. 
(For  other  methods  ?i.  Watts'  Dict.  vol.  i.l96.) 

For  laboratory  purposes  ammonia  gas  is 
usually  prepared  by  heating  the  aqueous  solu- 
tion, or  by  heating  a  mixtui'e  of  ammonium 
sulphate  or  chloride  and  slaked  lime.  The  gas 
is  dried  by  passing  over  quicklime.  For  the 
preparation  of  absolutely  pure  ammonia  v.  Stas, 
Fr.  G,  423. 

Ammonia  is  a  colourless  gas,  which,  when 
perfectly  dry,  is  without  smell ;  it  is  poisonous 
when  breathed  in  quantity  and  destroys  the 
mucous  membrane.  It  is  very  feebly  combus- 
tible in  air,  especially  when  heated,  and  may  be 
made  to  burn  readily  in  oxygen  gas.  It  is  easily 
condensed  to  a  mobile  colourless  and  very  ex- 

.  „  0-G234  0° 

pansive  liquid  of  sp.gr.  ^p^^^  at      (Jolly)  which 

boils  at  —  33-7°  (Bunsen)  and  freezes  to  a  white 
crystalline  mass  at  —  75"^  (Faraday). 

According  to  Buiiscn  (P.  4G,  95)  the  vapour 
tension  of  this  liquid  is  : — 

At  —  o3-7    .       .     1  atmos. 
0°     .       .     4-4  „ 
-^  15-5    .       .    G-9  „ 
+    2-8    .       .     10  „ 
(Compare  Regnault,  J.  18G3,  GG). 

I:iquid  ammonia  dissolves  the  alkali  metals 
without  change,  forming  blue  solutions  ;  it  has 
no  action  on  oil  of  vitriol  at  G5°  (Gore,  C.  N.  25, 
251).  Ammonia  gas  is  gradually  decomposed 
into  its  elements  even  at  500°,  and  to  a  greater 
extent  at  higher  temperatures,  and  especially 


by  the  disruptive  discliarge  from  a  powerful 
liuhmkorli  coil  ;  in  no  case,  however,  is  the  de- 
composition by  heat  complete. 

Kamsay  and  Young  (C.  J.  45,  92)  find  that 
when  the  gas  is  passed  through  a  heated  porce- 
lain tube  or  an  iron  tube,  or  g'asstube  tilled  with 
asbestos  cardboard,  the  amount  of  decomposition 
at  500°- 520°  is  nearly  equal  and  very  small. 
In  contact  with  a  glass  surface,  the  temperature 
at  which  decomposition  begins  is  much  higher. 
Ammonia  may  indeed  be  heated  to  700°  in  con- 
tact with  glass  without  any  appreciable  decom- 
position. The  nature  of  the  heated  surface  hr.s 
a  very  great  influence  on  the  extent  of  the  de- 
composition. 

When  the  gas  is  passed  over  certain  metals, 
e.g.  platinum,  gold,  silver,  iron,  copper,  it  is  de- 
composed in  its  elements ;  when  heated  with 
potassium  it  forms  the  potassamines  NH  JC  and 
NK.J ;  titanium  and  boron  heated  in  the  gas 
form  the  respective  nitrides.  A  mixture  of 
ammonia  and  air  passed  over  heated  copper 
turnings  yields  pure  nitrogen  gas  and  water. 

A  heated  platinum  wire  suspended  in  a 
mixture  of  ammonia  and  oxygen,  or  air,  yields 
ammonium  nitrite  and  nitrate.  (For  other  reac- 
tions V.  Watts'  Dict  vol.  i.  11)8.) 

Ammonia  is  very  soluble  m  water,  alcohol, 
and  ether,  and  in  many  saline  solutions. 

1  gram  of  water  at  0°  absorbs  1,148  cc.  or 
•875  gram  of  ammonia  at  0°  and  0'76  m.  pres- 
sure. At  10°,  0-G79  gram  ;  at  20°,  0-52G  ;  at  30°, 
0'403  ;  and  at  100',  -074  gram  (lioscoe  and 
Dittmar,  C.  J.  12,  128). 

The  aqueous  solution  is  a  pungent-smelling, 
caustic,  alkaline  liquid,  which  solidities  at  49"' 
to  an  inodorous  crystalline  mass.  In  the  act 
of  solution  considerable  heat  is  evolved  ;  accord- 
ing to  Thomson,  NH|,Aq  =  8,430  calories.  The 
concentrated  solution  diluted  with  water  also 
evolves  heat.  When  dissolved  Under  pressure 
and  at  ordinary  temperatures  more  of  the  gas 
is  taken  up  than  corresponds  with  Dalton  and 
Henry's  law ;  at  100°,  however,  the  amount 
dissolved  under  pressure  of  more  than  1  atmus. 
is  in  accordance  with  the  law  (Sims,  C.  J.  14,  1). 
The  strongest  aqueous  solution  of  ammonia  has 
a  sp.gr.  0  884  at  G4°  (Carius)  and  contains  3G  p.c. 
NH.|.  It  has  been  generally  assumed  that  the 
aqueous  solution  contains  the  hydroxide  NH^HO, 
corresponding  to  KHO  and  NaHO,  but  the 
thermal  observations  of  Thomsen  and  Tommasi 
appear  to  throw  doubt  on  the  existence  of  am- 
monium hydroxide. 

The  solution  dissolves  many  metallic  oxides, 
e.g.  Ag.p,CuO,  and  certain  salts,  e.g.  AgCl,Ag,PO,, 
which  are  insoluble  in  water.  It  also  dissolves 
many  fats  and  resins. 

In  contact  with  red-hot  coke  or  coal,  ammonia 
forms  ammonium  cyanide  and  hydrogen,  together 
with,  under  certain  conditions,  marsh  gas  and 
acetylene.  Chlorine,  bromine,  and  iodine  at 
once  decompose  ammonia,  forming  nitroge.i 
and  a  haloid  salt ;  and  with  the  occasional  pro- 
duction of  explosive  compounds,  e.g.  nitrogen 
trichloride  NCI.,,  ar  d  diamine  di-iodide  N.H|I  „ 

With  many  of  the  inorganic  and  organic 
anhydrides  and  with  the  acid  chlorides  it  forms 
the  ammonium  salts  of  the  corresponding  amic 
acid.  Thus  with  carbon  dioxide  it  yields  am- 
monium carbamate;  2NH3  ,  CO;i=CO.NH,ONHi. 
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Certain  salts,  e.g.  calcium  cliloriilo,  silver 
cliloriile,  zinc  chloride,  copper  sulphite,  am- 
monium nitrate,  combine  with  ammonia  to 
form  stable  compounds  from  which  the  gas  can 


be  expelled  by  heat.  It  was  by  heating  the 
comiiound  2AgC1.3NH;j  in  a  sealed  tube  that 
Faraday,  in  1823,  first  effected  the  liiiuefactiou 
of  ammonia. 


Density  of  Aqueous  Solution  oe  Awjioxia  at  15°  (Lunoe  and  Wickniiv). 


NIIj 

P.O. 

1  litre  con- 
tains NHj  g. 

Cori-ootiou  of 
sp.gr.  for  ±  1° 



bp-gr. 

NII3 
\<.c. 

!  1  litre  con- 
]  t;;i.i3  NH-,fi-. 

• 

Cori-i'ctioa  of 
si>..';r.  for  ±  1° 

1-000 

0-00 

0-0 

0-00013 



0-910 

15-63 

146-9 

0-00039 

0-3'J8 

0-4.5 

4-5 

0-09013 

0-933 

16-22 

152-1 

0-000  iO 

o-;wc 

0-94 

9-1 

0-i  >i)ill9 

0-93G 

16-82 

157-4 

0-00041 

0-;w4 

I-;;? 

13-G 

0-0OO19 
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0-00058 
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Technical  sources  of  ammonia.'— Ammonia 
is  formed  in  nature  principally  during  the  decay 
of  nitrogenous  organic  substances.  Thus  very 
considerable  quantities  of  it  exist,  both  in  the 
soil  and  in  the  atiuosplieric  air,  but,  extremely 
important  as  this  oecarreiice  is  for  agriculture, 
it  is  only  quite  exceptionally  possible  to  utilise 
it  for  the  recovery  of  ammoniacal  compounds. 
That  object  is  practically  attained  almost  cn- 
tii  ely  by  the  destructive  distillation  of  organic 
substances,  chiefly  coal. 

A.  Niitural  occurrence  of  ammoniacal  com- 
pojinds,  in  stifflcicnt  quantity  to  be  of  commer- 
cial value. — Ammonium  carbonate  has  been 
found  in  guano  dcjwsits  on  the  West  Coast  of 
South  America,  and  has  been  exported  to 
Europe.  A  sample,  introduced  into  Germany  in 
1848,  consisted  essentially  of  ammonium  bicar- 
bonate mixed  with  some  insoluble  matter. 
Ammonium  sulphate  is  contained  in  the  Tuscan 
'sollioni,'  and  is  obtained  there  in  somewhat 
considerable  quantities  as  a  by-product  in  the 
manufacture  of  boric  acid.  Ammonium  chloride, 
to,;ether  with  sulphate,  is  sometimes  collected 
in  the  neighbourhood  of  volcanjcs. 

B.  Aimno}iia  made  from  Iq/drogen  and  at- 
mospheric nitrogen.  -Tlie  fact  that  nitrogen  and 
hydrogen  can  be  united  by  the  electric  dis- 
ciiarge,  or  by  contact  with  certain  substances, 
has  been  made  use  of  by  inventors,  but,  in  spite 
of  very  confident  assertions  to  the  contrary, 
those  reactions  have  never  turned  out  to  be 
practicable  ;  nor  has  the  intervention  of  boron 
or  titanium  proved  more  successful.  It  is  very 
doubtful  if  the  ammonia  said  to  have  been  ob- 

'  <'8mp.  G.  Lurjgc's  Coul  Tar  .anil  Amunnia,  (Gurucy 
ami  Jacksou,  1887 cliaptcrs  iii.-xiv. 


tained  by  some  of  those  ^orocesses  has  not  been 
pre-existent  in  the  materials  employed,  or  is 
due  to  the  nitrogen  contained  in  the  col;c  em- 
ployed, and  it  is  certain  that  none  of  it  has  ever 
found  its  way  into  commerce.  In  order  to  give 
an  outline  of  the  attempts  hitherto  made  in  this 
direction,  we  enumerate  the  following  patented 
processes : -- 

Swindells  (E.  P.  June  21,  1^  7^')  passes  a 
mixture  of  air  and  steam  over  red-hot  coal  and 
then  through  a  solution  of  caustic  soda. 

Kickman  (E.  P.  3,811,  1878)  proposes  to  manu- 
facture ammonia  from  the  nitrogen  of  atmo- 
spheric air,  by  injecting  a  mixture  of  steam  aii<l 
air  into  retorts  filled  with  coke,  sjiongy  iron,  or 
the  like,  hea(:d  to  about  650°.  The  steam  is 
decomposed  by  those  oxidisable  substances,  hy- 
drogen being  liberated,  which  is  sujiposed  to 
combine  with  the  nitrogen  of  the  air  to  form 
ammonia.  Comp.  also  tlie  German  Patent,  No. 
10,880,  by  Rickman  and  Thompson. 

G.  Th.  Glover  (E.  P.  1,800,  of  1880)  passes 
furnace  gases  mixed  with  steam  and  hydrogen 
chloride  over  coal  or  bituminous  shale  heated  to 
redness,  whereby  ammonium  chloride  is  sup- 
posed to  be  formed. 

Solvay  (Bl.  25,  527  and  Wagner  (.7. 1870,  ii  l) 
tried  coke  imprcgnuled  with  magnesium  chloiiue 
and  heated  by  a  blast. 

Basset  (E.  P.  4,338,  1879)  employs  coal  im- 
pregnated with  boric  acid  over  which  nitrogen 
is  passed  ;  the  boron  nitride  is  then  decomposed 
by  steam.  G.  N.  Tucker  (G.  P.  13,302)  pro- 
ceeds in  a  somewhat  similar  way. 

G.  S.  Johnson  (C.  N.  43,  pp.  42  and  288) 
passes  nitrogen  mixed  with  hydrogen  thruugh 
led-hot  spongy  platinum. 
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I'll.  G.  Yount,' (E.  r.  1700,  1S:^0)  passes  the 
electric  current  tlivough  a  mixture  of  3  vols,  of 
hydrogen  and  1  vol.  nitrogen. 

iSeveral  other  inventors  invoke  the  aid  of 
electricity  for  combining  nitrogen  and  hydrogen ; 
thus  Miil'lcr  and  Geisenberger  (G.  P.  11,489  and 
12,304),  and  the  Sooiete  I'Azote  (G.  P.  17,070). 
The  latter  p  eposes  obtaining  both  nitrogen  and 
hydrogen  by  the  action  of  melted  zinc  on  air 
and  steam  in  separate  furnaces,  zinc  oxide  being 
formed  at  the  same  time  in  each  case.  The  two 
gases  are  to  be  combined  by  spongy  iron  im- 
pregnated with  titanium  or  else  by  platinised 
carbon,  and  this  combination  is  to  be  promoted 
by  an  electric  current. 

Twineh  (E.  P.  3,712,  1881)  patents  the  manu- 
facture of  ammonia  by  the  joint  action  of  at- 
mospheric air,  steam,  nitric  oxide,  and  caustic 
soda. 

C.  Ammonia  made  from  cyanides,  prcitared 
b)/  ineann  of  atmosplieric  n(77-0(7c».— Margueritte 
and  Sourdeval  (E.  P.  1,027,  18G0)  patented  a 
process  for  manufacturing  ammonia,  consisting 
in  first  preparing  cyanides  by  heating  a  mixture 
of  barium  carbonate  and  coal  in  an  atmo- 
sphere of  nitrogen,  and  afterwards  decomposing 
the  cyanides  by  steam.  This  process,  which 
did  not  prove  successful  in  their  hands,  has 
been  taken  up  by  L.  Mond  (E.  P.  433,  1882). 
He  forms  lumps,  or  bricks,  e.g.  by  compressing 
a  mixture  of  32  parts  of  barium  carbonate,  8  of 
wood-charcoal  and  11  of  coal-tar  pitch,  or  in 
some  other  suitable  way.  These  lumps  are  first 
heated  in  a  reducing  fiame  till  the  pitch  has 
been  converted  into  coke,  and  the  barium  car- 
bonate has  been  partially  or  entirely  converted 
into  oxide.  They  are  then  charged  into  an 
annular  kiln  of  the  usual  description,  where 
tliey  are  first  exposed  at  a  temperature  of 
1400''C.  to  a  current  of  gases  containing  as 
much  nitrogen  and  as  little  CO.^,  H^O,  and  O 
as  possible.  When  a  sufficient  quantity  of 
cyanides  has  been  formed,  the  current  of  hot 
gases  is  shut  off  and  a  cold  current  of  the  same 
composition  is  passed  through  the  mass  till  the 
temperature  has  fallen  to  500°,  when  steam  is 
admitted  to  decompose  the  cyanides  into  am- 
monia which  is  collected  in  the  usual  way. 
This  process,  although  tried  on  a  somewhat 
large  scale,  has  not  yet  come  into  practical 
operation,  and  is,  therefore,  probably  at  this 
moment  not  yet  worked  out  so  as  to  be  fully 
successful.  No  more  can  be  said  of  the  pro- 
cesses of  L.  Q.  and  A.  Brin  (E.  P.  3,089,  1883), 
J.  Young  (E.  P.  1C,046,  1885),  andT.B.  Fogarty 
(E.  P.  5,301,  1883). 

D.  Ammonia  from  urine,  sewage,  and  animal 
excreta.— Vvine  is  not  merely  the  oldest,  but 
for  centuries  was  the  only  source  for  obtaining 
ammonia  compounds  on  a  commercial  scale. 
It  is  stated  that  sal-ammoniac  made  from  it  was 
an  article  of  commerce  as  early  as  1410,  and 
that  the  Jesuit  Sicard  in  1720  saw  the  manu- 
facture of  it  in  the  Delta  of  the  Nile.  In  Egypt 
sal-ammoniac  was  made  by  burning  camels' 
dung  and  collecting  the  sublimate.  Putrefied 
urine  (in  which  the  urea  has  passed  into  ammo- 
nium carbonate)  has  been  used  for  centuries, 
and  to  a  certain  extent  is  still  used  by  dyers  as 
a  source  of  ammonia  for  scouring  wool  and 
other  purposes.    The  methodical  working  up  of 


urine  collected  in  large  quantities,  or  of  sewage 
for  obtaining  ammonia  therefrom,  has  been 
carried  out  in  the  neighbourhood  of  some  large 
towns,  e.g.  Paris,  but  ouly  a  very  small  quantity 
of  ammonia  in  comparison  with  the  enormous 
quantity  excreted  is  actually  obtained  in  this  way. 

Normal  urine  contains  per  litre  from  20  to 
35  grams  urea  (carbamide)  which  after  a  short 
time  is  changed  into  ammonium  carbonate 
under  the  iulluence  of  a  micro-organism.  An 
adult  man  produces  from  22  to  37  grams  urea 
per  24  hours,  together  with  a  little  uric  acid, 
corresponding  to  12-5-21  grams  NHj  per  day, 
or  between  9  and  17  lbs.  per  annum.  If  all  the 
ammonia  obtainable  from  London  urine  were  re- 
covered this  would  amount  to  00,000  tons  of 
ammonium  sulphate  per  annum. 

In  Paris  there  are  daily  2,200  cubic  metres 
(say  tons)  of  urine  and  night  soil  taken  out  of 
the  fosses,  and  treated  by  various  processes. 
In  the  Bilange  process  the  sewage  is  mixed  with 
milk  of  lime  and  allowed  to  settle,  the  liquid 
portion  is  worked  for  ammonia,  the  muddy  de- 
posit (containing  a  great  many  albuminoid 
matters)  is  heated  by  steam,  passed  through 
filter-presses  and  sold  as  manure.  In  the 
Kuentz  process  the  muddy  deposit  is  mixed 
with  a  reagent  prepared  by  treating  a  mixture 
of  bauxite,  natural  phosphate  of  lime,  and 
hydrated  oxide  of  iron  with  hydrochloric  acid. 
The  resulting  mass  is  passed  through  filter- 
presses  ;  the  cakes  remaining  in  these  contain 
all  the  phos]5horic  acid  (10  12  p.c.)  as  dicalcio 
phosphate,  precipitated  by  ammonium  car- 
bonates ;  the  iron  has  absorbed  the  sulphur 
compounds,  and  the  alumina  has  modified  the 
albuminous  and  slimy  matters  which  would 
have  impeded  the  filtration.  The  percentage  of 
nitrogen  in  these  cases  is  3-3'5. 

These  processes  only  apply  to  ordinary 
excreta,  not  to  sewage  diluted  with  water  from 
water  closets,  etc. 

Of  the  large  number  of  recent  proposals  for 
treating  sewage  A'c,  we  here  mention  a  very  few. 

J.  Duncan  tries  to  remove  the  ammonia  from 
sewage,  and  the  refuse  water  of  sugar-refineries, 
by  distilling  it  in  a  vacuum  by  means  of  steam 
at  a  temperature  not  exceeding  30°C.  (G.  Pat. 
27,148  and  28,430).  A  similar  principle  has 
been  patented  by  J.  Young  (E.  P.  3,5G2,  1882). 
Bolton  and  Wanklyn  (G.  P.  17,380)  heat  urine 
or  other  putrefying  liquids ;  the  vapour,  mixed 
with  air  or  carbon  dioxide,  is  passed  through 
calcium  sulphate,  pure  or  mixed  with  other  salts. 
The  ammonium  carbonate  is  thereby  trans- 
formed into  sulphate,  calcium  carbonate  being 
formed.  When  the  reaction  is  finished  the 
mixture  is  heated,  whereupon  the  inverse  re- 
action is  started ;  the  ammonium  carbonate 
which  escapes  is  condensed  as  usual,  and  the  re- 
maining calcium  sulphate  is  used  over  again  as 
at  first. 

Further  patents  are  those  of  Schneider  (G.  P. 
27,07  L  and  32,890) ;  Richters  and  Hagen  (G.  P. 
14,210);  Brulle  and  Leclerc  (E.  P.  1,080,  of 
1880)  ;  Van  Iluymbecke  (Am.  P.  312,237)  ;  Buhl 
and  Keller  (G.  P.  27,071). 

Chateau  (Bl.  35,  195)  describes  the  ap- 
paratus employed  at  Arcueil  for  burning  the 
noxious  vapours  escaping  in  the  treatment  of 
sewage,  urine,  &c.,  for  the  recovery  of  NH^. 
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E.  Jmmonia  from  guano  (Cr.  — Whilst  tlie 
ammonia  obtainaLile  from  excreta  is  mostly  lost 
for  immediate  recovery,  as  it  quickly  passes 
away  into  the  water,  the  soil,  or  the  air,  there 
are  a  few  exceptions  to  this  ni'e  presented  by 
the  deposits  of  birds'  excrements  on  some  de- 
sert islands,  and  a  few  similar  cases.  In  this 
'  guano,'  ammonia  salts  exist  already  preformed, 
and  ammonia  can  be  formed  from  otlier  nitro- 
genous substances  contained  therein  by  heating 
guano  with  lime  (as  patented  by  Young  in  1811), 
but  this  process  is  not  remunerative,  since  the 
direct  manurial  value  of  guano  is  much  superior 
ti)  that  of  the  ammonia  salts  obtainable  there- 
from. 

F.  Bones,  horn,  leather,  and  other  animal 
snbstanccs  rich  in  nitrogen  yield  considerable 
quantities   of   ammonia    in    dry  distillation. 
When  manufacturing  bone-charcoal  (the  '  char ' 
of  sugar-reliners)  it  is  possible  to  collect  the 
li(juid  products  of  dry  distillation,  consisting  of 
tar  and  ammoniacal  liquor,  and  this  process  is 
frequently   carried   out,    especially   in  Great 
lUitain.    On  the  continent  it  is  less  usual,  as 
the  beet- root  sugar-makers  prefer  charcoal  made 
in  pots  to  that  made  in  closed  retorts,  but 
attempts  have  been  made  to  recover  the  am- 
monia in  the  former  case  by  washing  the  gases 
('  scrubbing  '),  although  in  this  case  much  of  it 
must  be  lost  owing  to  the  heat  being  much 
greater  than  when  employing  retorts.    It  is  also 
very  dillicult  to  treat  such  dilute  gases  without 
injuring  the  draught  of  the  furnace.    The  treat- 
ment of  the  ammoniacal  liquors  obtained  in 
manufacturing  bone-charcoal,  or  in  the  dry  dis- 
tillation of  hoin,  hoofs,  hair,  leather,  &o.,  as 
a  preparation  for  the  manufacture  of  prussiate 
of  potash,  is  exactly  like  that  of  the  gas-liquor 
to  be  described  below.    They  are  in  the  same 
way  obtained  in  the  first  instance  by  means  of 
air-cooled   condensers   and  scrubbers,  exactly 
similar  to  those  used  in  the  manufacture  of  coal- 
gas.    The  remaining  gases,  which  still  possess 
a  very  disagreeable  smell,  are  conveyed  back 
into  the  retort  fire  and  are  burnt  there,  care  ! 
being  taken  to  introduce  them  in  a  very  hot  place,  ' 
so  that  the  combustion  may  be  complete.  The 
passage  of  the  gases  may  be  promoted  by  an  | 
injector  or  exhauster.    The  condensing  li(juids 
are  separated,  by  settling,  into  tarry  matters  ; 
(' Dippel's  oil')  amounting  to  1-7  2  p.c.  of  the  : 
weight  of  the  bones,  and  hitherto  mostly  burnt  i 
under  the  retorts,  and  ammoniacal  liquor,  yield- 
ing from  G  to  7  p.c.  of  ammonium  sulphate  on 
the  weight  of  the  bones,  of  somewhat  inferior 
quality  and  strongly  coloured.    Horn,  when  dis- 
tilled as  a  preliminary  to  the  manufacture  of 
prussiate  of  potash,  yields,  according  to  Dumas,  ! 
50  p.c.  ammoniacal  liquor  at  8-10^  Twaddell 
and  IG  p.c.  of  Dippel's  oil. 

Some  inventors  try  to  increase  the  quantity 
of  ammonia,  and  to  destroy  a  portion  of  the  ob- 
ji  ctionable  organic  impurities,  by  passing  the 
gases  over  red-hot  lime,  &c.,  as  H.  P.  Lorenzen 
(a.  P.  9,989),  and  H.  J.  and  E.  B.  Castner 
(E.  P.  4,057,  1882) ;  or  by  distilling  animal  re- 
fuse matters  together  with  lime  (Proschwitzky, 
Ct.  P.  10,957),  or  caustic  soda  (L'Hote),  or 
carbonate  of  potash  (Th.  Ricliters,  G.  P. 
13,594). 

In  the  last  case  the  residue  contains  a  large 


quantity  of  cyanogen  compounds,  and  can  be 
utili.sed  for  nuxnufacturing  fenocyanides. 

Tlie  most  successful  treatment  of  such 
animal  refuse  matters  which  cannot  be  utilised 
ill  other  ways,  as  leather  cuttings,  &c.,  seems  to 
be  to  dissolve  them  in  hot  concentrated  sul- 
l^huric  acid  (which  can  be  done  in  cast-iron 
vessels),  utilising  that  acid  for  manufactur- 
ing superphosjjliatc.  In  this  case  most  of  the 
nitrogen  is  converted  into  ammonia,  as  is  done 
'  in  Kjeldahl's  analytical  process  for  determining 
nitrogen. 

G.  Ammonia  formed  in  inorganic  clietnical 
manufactures. — A  very  perceptible  quantity  of 
ammonia  is  formed  in  the  manufacture  of 
caustic  soda,  in  oxidising  the  sulphur  compounds 

!  by  means  of  sodium  nitrate  (comp.  especially 
Lunge  and  Smith,  S.  C.  I.  18813,  400  and  525). 
Although  this  anniionia  is  dispersed  in  an  enor- 
mous volume  of  other  gases,  it  is  actually  re- 
covered at  the  Aussig  works,  where,  in  1884, 

j  sixty  tons  of  ammonium  sulphate  were  obtained 
from  this  source. 

L.  Trails  (Application  for  G.  P.  T.  No.  1,8G(), 
of  January  2G,  1887)  believes  he  can  obtain 
ammonia  in  manufacturing  sulphate  of  alumina 

[  from  alum-schists,  by  adding  1  p.c.  of  calcium 
sulphate  before  calcining  it. 

H.  Ammonia  as  a  bij-product  in  the  manu- 
facture of  beet-root  sujar. — Ammonia  can  be  got 
from  beet-root  juice  and  from  the  mother- 
liquors  produced  in  working  it  up.  During  the 
evaporation  of  beet-root  juice,  annnonia  is  given 
off,  which  Vibrans  (G.  P.  15,515)  proposes  to 
collect.  Much  more  can  be  got  by  the  dry  dis- 
tillation of  the  '  vinasse,'  that  is,  the  liquid  re- 
maining behind  when  beet-root  molasses  have 
been  made  to  ferment,  and  the  alcohol  has  been 
distilled  off.  It  is  probably  the  bctaine,  dis- 
covered by  Scheiblor  as  a  constituent  of  the 
beet-root,  which  by  its  decomposition  furnishes 
both  ammonia  and  trimethylamine.  The  pio- 
cess  proposed  in  1878  by  C.  Vincent  (C.  N. 
39,  107)  ijrincipally  aims  at  obtaining  tri-methyl- 
amine  and  methylchloride  ;  but  a  number  of 
other  processes  are  intended  to  convert  prac- 
tically the  whole  of  the  nitrogenous  compounds 
contained  in  the  vinasse  into  ammonia.  Thus 
Ernst  (G.  P.  13,871,  17,869  and  18,549)  mix^s 
the  concentrated  vinasse  with  lime  and  fatty 
oil,  and  distils  the  mixture  in  a  retort  of  peculiar 
construction.  Other  apparatus  for  this  purpose 
are  those  of  Lederer  and  Gintl  (G.  P.  17,fS74),  of 
E.  X.  Brosche  (G.  P.  14,433),  of  the  Badisclio 
Gesellschaft  fiir  Zuckerfabrikation  (G.  1'. 
15,702),  of  Haring,  Ehrenberg  &  Co.,  and  U. 
Baswitz  (G.  P.  15,751).  From  the  potash  made 
from  vinasse,  which  contains  some  cyanides, 
Legrand  and  Dabernard  (Er.  Pat.  Dec.  27,  187G) 
believe  they  can  obtain  1-4  p.c.  of  ammonium  srl- 
phate  by  treating  it  with  steam.  Other  in  venttrg 
treat  the  alcohol  employed  in  recovering  sugar 
from  molasses,  for  annnou'a,  as  H.  Steffens 
(G.  P.  23,594)  and  R.  Schiller  (G.  P.  38,59(1). 

If  all  the  beet-root  sugar-works  in  Germany 
were  able  to  recover  the  total  ammonia  given  off 
during  the  manufacture  it  would  amount  to 
15,000  tons  of  sulphate  per  annum. 

I.  Peat  and  analogous  vegetable  matters 
sometimes  yield  large  quantities  of  annnonia, 
either  already  formed  (and  probably  first  ab- 
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sorbod  from  the  a'v)  or  obtainable  from  nitro- 
genous organic  substances.  The  nitrogen  of 
organic  substances,  more  particularly  that  con- 
tained in  'Bruchmoor'  and  'Gritnlandmoor' 
(special  kinds  of  peaty  moorlands),  which 
amounts  to  3'8  p.c.  is  intended  to  be  re- 
covered in  the  shape  of  ammonia  by  the  pro- 
cess of  Grouven  (G.  P.  2,709;  13,718;  18,051; 
34,086).  The  principle  of  the  process  is  to 
mix  the  damp  peat  with  chalk  (in  order  to  fix 
the  sulphur),  to  heat  this  mixture  in  upright 
cylinders  by  means  of  the  gases  remaining  from 
the  subsequent  stages  of  the  process,  and  to  pass 
the  gaseous  products  of  this  dry  distillation 
through  a  '  contact-substance,'  consisting  of 
peat,  chalk,  and  clay  in  exact  proportions, 
moulded  into  the  shape  of  drain-tiles  and  heated 
in  upright  cylinders  to  a  proper  temperature. 
Here  the  nitrogen,  under  the  influence  of  the 
incandescent  aqueous  vapour,  hydrogen,  and 
hydrocarbons  given  off  in  the  first  cylinders,  is 
to  a  great  extent  converted  into  ammonium  car- 
bonate, which  is  condensed  by  calcium  sulphate, 
and  thus  converted  into  ammonium  sulphate. 

Grouven's  process  has  been  the  subject  of 
prolonged  experiments  which,  however,  did  not 
meet  with  pecuniary  success,  in  spite  cf  the  then 
high  ijrice  of  ammonia.  The  question  of  uti- 
lising the  very  large  quantity  of  nitrogen  con- 
tained in  peat  is  therefore  not  yet  finally  solved, 
although  the  best  descriptions  of  peat  are  said  to 
yield  up  to  8  p.c,  and  even  inferior  qualities 
i  p.c,  of  ammonium  sulphate. 

Lencauchez's  '  gazogene  distillateur '  (de- 
scribed by  Cam.  Vincent,  'Industrie  des  products 
animoniacaux,'  p.  82)  is  intended  to  recover 
anmionia  in  employing  peat  as  raw  material 
for  gas-producers.  This  matter  should  be  taken 
in  connection  with  the  processes  to  be  enu- 
merated under  L.  C. 

K.  Ammonia  from  bituminous  shah  is  ob- 
tained in  the  Scotch  shale-oil  works  by  washing 
the  gases  with  water.  The  quantity  of  ammonia 
obtained  from  this  source  is  very  considerable, 
amounting  to  18,000  tons  in  1880.  The  recovery 
of  ammonia  in  this  industry  is  carried  out 
exactly  like  that  from  coal  (to  be  mentioned 
under  L.),  and  many  of  the  proposals  for  in- 
creasing the  yield  of  ammonia  from  coal  ajjply 
equally  to  shale. 

L.  Ammonia  from  coal. — There  is  always  a 
considerable  quantity  of  nitrogen  contained  in 
coal,  much  more  than  in  fre.sh  vegetable  matter; 
in  all  probability  most  of  this  nitrogen  is  due  to 
the  animals  which  lived  during  the  growth  of 
the  coal-forming  forests  or  swamps,  and  whose 
remains  were  buried  in  them.  The  same  origin 
is  no  doubt  attributable  to  most  of  the  nitrogen- 
ous substances  found  in  bituminous  shales, 
some  of  which  approach  the  most  shaly  varieties 
cf  coal  so  nearly  that  it  is  difficult  to  draw  a 
sharp  line  of  demarcation  between  them. 

The  percentage  of  nitrogen  in  coal  varies 
from  about  1  to  2  p.c.  According  to  Tidy  (Lunge's 
Coal  Tar  and  Ammonia,  511)  Welsh  coal  con- 
tains 0'91,  that  from  Lancashire  1  25,  from  New- 
castle 1'32,  from  Scotland  1-4-4  p.c.  of  nitrogen. 
W.  Foster  (rroc.  Inst.  Civ.  Eng.  77,  pt.  iii.  23) 
found  0-yi  p.c.  of  nitrogen  in  Welsh  anthracite, 
l-0()-l-75  p.c.  in  English  coal,  and  1-28  p.c.  in 
Scotch  cannel. 


Knublauch  (J.  fiir  Gasbel.  1SS3,  410)  f  jun  1 
in  five  samples  of  Westphalian  coal  1-215^1-()12, 
in  two  samples  of  English  coal  1-102-1-443  p.c. 
of  nitrogen.  E.  Schilling  {ibid.  1887)  has  shown 
that  most  previous  analyses  were  not  quite  accu- 
rate :  his  own  analyses,  made  by  the  Kjeldahl 
process,  yielded  on  an  average  for  Westphalian 
I  coal  1-50,  Saar  coal  l-OU,  Silesian  coal  1-37, 
Bohemian  coal  1-3G,  Saxon  coal  1'20,  Boldon  gas 
coal  1-45,  Pilsen  cannel-coal  1'49,  Bohemian 
brown-coal  0-62  p.c.  of  nitrogen.  He  found  on  the 
whole  that  the  jaercentage  of  nitrogen  in  coal 
decreased  with  an  increase  in  the  percentage  of 
oxygen. 

Only  a  small  portion  of  the  nitrogen  con- 
tained in  tlie  coal  is  utilised.  If  wc  take  the 
quantity  of  coal  annually  burnt  as  400  millions 
of  tons,  and  its  average  percentage  of  nitrogeij 
as  1-33,  this  would  be  equal  to  5,323,000  tons 
of  nitrogen,  or  about  twenty-six  millions  of  tons 
of  ammonium  sulphate  — i.e.  about  200  times  as 
much  as  is  now  obtained  from  all  sources.  But 
it  may  be  safely  said  that  upwards  of  90  p.c.  of 
all  coal  is  used  in  such  a  manner  that  a  recovery 
of  its  nitrogen  in  the  shape  of  ammonia  is  prac- 
tically impossible  ;  of  the  remaining  10  p.c.  only 
that  portion  from  which  coal-gas  is  manufac- 
tured is  fully  utilised  for  the  production  of  am- 
monia, and  even  here,  as  we  shall  see,  only  a 
comparatively  small  portion  of  the  nitrogen  is 
recovered  as  ammonia.  Apart  from  the  question 
whether  there  might  not  be  an  increase  effected 
in  the  yield  of  ammonia  in  the  manufacture  of 
coal-gas,  it  is  beyond  all  doubt  that  the  quantity 
of  ammonia  now  in  the  market  might  easily  be 
doubled,  and  more  than  that,- by  resorting  gene- 
rally to  the  recovery  of  by-products  in  the  manu- 
facture of  coke,  or  by  carbonising  coal  in  other 
ways.  This  fact  should  be  kept  in  view  when 
considering  the  proposals  to  revolutionise  the 
conditions  of  burning  coal  as  fuel,  by  doing  this 
in  such  a  way  that  tar  and  ammonia  are  ob- 
tained as  by-products. 

1.  Production  of  ammonia  in  the  manu- 
facture of  coal-gas. — In  this  manufacture  it  is 
necessary  to  purify  the  gas  by  subjecting  it  to 
cooling  ('  condensing ')  and  washing  ('  scrubbing '). 
In  this  process  an  oily  and  an  aqueous  sub- 
stance are  obtained,  which  separate  by  settling 
and  form  coal-tar  and  gas-liquoy.  The  latter 
comes  from  the  hydraulic  main,  the  condensers 
and  scrubbers.  The  quality  of  the  liquor  from 
these  sources  is  very  unequal,  that  of  the  con- 
densers being  the  best,  but  in  most  gasworks 
they  are  all  united.  Sometimes  that  which 
condenses  without  washing  is  collected  by  itself 
as  '  virgin  gas-liquor.'  Some  liquor  always 
remains  incorporated  with  the  tar,  and  is  ob- 
tained partly  by  subsidence  and  partly  by  dis- 
tillation. 

A  description  of  the  condensers  and  scrub- 
bers used  at  gas  works  will  be  found  in  tlio 
article  Co.Uj-g.vs. 

Nothing  like  all  the  nitrogen  contained  in 
the  coal  distilled  is  recovered  as  ammonia  ;  at 
'  most  a  fifth,  but  sometimes  as  little  as  a  tenth, 
j  is  actually  obtained  as  such.  From  coal  with 
1'33  p.c.  N.  we  ought  to  get  G"65  p.c.  ammonium 
I  sulphate,  or  149  lbs.  to  the  ton,  whilst  20  lbs.  or 
!  at  most  22  Ihs.  is  considered  as  a  fair  yield.  In 
I  a  laboratory  experiment,  W.  Foster  (C.  S.  43, 
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105)  obtained,  of  100  parts  of  nitrogen  con- 
tained In  coal  :  l'l-50  parts  as  ammonia,  1'5()  as 
cyanogen,  35'26  in  the  elementary  condition  (as 
part  of  coal-gas),  48'68  remaining  in  the  coke. 
Watson  Smith  {ibid.  45,  144)  showed  that 
coal-tar  must  also  be  taken  into  account  for 
some  nitrogen.  In  ordinary  gas- rt  tort  coke  he 
found  1-375,  in  bee-hive  coke  0-511,  in  Simon- 
Carves  coke  0-384  p.c.  nitrogen,  showing  that 
much  less  nitre  gen  is  driven  out  in  the  short 
process  of  gas-making  than  in  the  long-con- 
tinued process  of  coking  ])roper.  CI.  Winkler 
found  that  in  coke-ovens  28-7  p.c.  of  the  nitrogen 
remained  in  the  coke,  71'3  p.c.  escaping  with 


the  gases.  Knub'auch  (.T.  fiir  Gasbcl.  1883, 
p.  440)  found  that  in  gas-niaking  on  the  large 
scale,  31-30  p.c.  of  the  nitrogen  remained  in 
the  gas  coke,  10-14  was  recovered  as  ammonia, 
and  1-5-2  as  ferrocyanide,  whilst  1-0-1-3  was 
contained  in  the  tar,  and  about  50  in  the  gas. 
The  most  trustworthy  statements  in  this  direc- 
tion have  been  made  by  E.  Schilling  (ibid. 
1887),  founded  upon  accurate  experiments  with 
a  working  gas  retoit,  specially  adapted  for  this 
purpose,  at  a  temperature  of  11G0-1l!20°.  A 
sliort  summary  of  his  results  is  given  in  the 
following  table : — 


De-cripti 

in  nf  Coal 

We-t- 

Boldon 

Si!etian 

Bohe- 

Saxou 

Saar 

B.ilie- 
111  ian 

Brown 

plia  i:ui 

g;i3 

miau 

cauiiel 

coal 

Total  nitrogen,  per  cent. 

1-50 

1-45 

1-37 

1-3G 

1-20 

1-0  ;j 

1-49 

0-52 

Of  100  parts  N  left  in  colcc 

80 

72 

70 

(VJ 

C4 

57 

44 

38 

,,            „  volatilised 

20 

28 

30 

31 

35 

43 

5G 

03 

Percentage  yield  of  NH-,  on  the  coal 

0-248 

0-189 

0-284 

0-237 

0-094 

0-188 

0-221 

0-129 

Yield  of  N  as  NH.,  on  the  total  N  per  1 
cent.       .....  j 

13-0 

10-8 

17-4 

14-2 

0-4 

14-8 

12-4 

20-7 

Yield  of  ammonium  sulphate  (lbs.)  | 
per  ton  of  coal        ...  J 

22-3 

17-0 

25-G 

21-4 

8-5 

lG-9 

10-9 

110 

An  increase  of  tl>e  yield  of  ammonia  in  c;as- 
mahing  is  aimed  at  by  the  following  processes  :  — 

A.  Cooper's  liine-proccss.  —  W.  J.  Cooper 
(E.P.  5,713,  18S2;  comp.  Wanklyn,  S.  C.  I.  1883, 
438  ;  1884,  12)  mixes  2.^  p.c.  lime  of  the  weight 
of  the  coal,  previoasly  slaked  to  a  powder,  with 
the  coal  before  charging  it  into  the  retorts.  This 
produces  a  substantial  gain  of  ammonia,  and  a 
much  smaller  percentage  of  sulphur  in  the  gas. 
The  latter  is  a  doubtful  advantage,  since  the  sul- 
phur retained  in  the  spent  oxide  is  valuable, 
while  that  retained  in  the  'limed  '  coke  is  just 
the  contrary.  In  England  the  highest  yield  of 
ammonia  by  this  process  was  3Glbs.  of  ammo- 
nium sulphate  per  ton  of  coal.  Schilling  [I.e.) 
found  that  in  the  case  of  Boldon  coal  there  was 
an  increase  of  30-7  p.c.  of  ammonia  by  '  liming  ' 
the  coal,  but  in  the  other  cases  only  a  slight 
increase  (3-11  p.c),  or  even  a  slight  decrease 
(2-4  p.c.)  ;  only  the  exceptionally  poor  yield  from 
Saxon  coal  was  very  greatly  increased  (84  p.c). 
Knublauch  (J.  fiir.  Gasb.)  found  20  p.c.  more 
ammonia,  and  5  p.c.  more  but  poorer  gas  ;  there 
was  a  falhng  off  in  the  quantity  (10  p.c.)  and 
in  the  quality  of  the  tar.  There  seenrs  to  be 
no  great  prospect  of  this  process  being  generally 
adopted. 

B.  Tervct's  process  (E.  P.  1872,  1883)  of 
passing  hydrogen  over  coal,  shale,  &c.,  in  the 
rjtorts  yielded  very  good  results  on  a  minute 
laboratory  scale,  but  much  less  good  results  on 
a  slightly  larger  scale.  It  seems  never  to  have 
passed  the  laboratory  at  all. 

C.  Injection  of  steam  has  been  frequently 
proposed,  but  this  seems  hardly  practicable  for 
real  illuminating  gas  {v.  below). 

Tlic  direct  recovenj  of  ammonia  from  illumi- 
nating gas  in  the  shape  of  a  compound  suitable 
as  a  fertiliser,  without  the  intervention  of  pro- 
ducing ammoniacal  liquor  and  without  having 
to  distil  the  ammonia  from  this,  is  effected  by 


the  process  of  Bolton  and  Wanklyn  (G.  P.  1G,788). 
They  pass  the  gas,  previously  freed  from 
tar,  through  a  puritier  charged  with  super- 
phosi^hate,  where  the  ammonia  is  to  be  re- 
tained by  the  free  acid  or  the  monocalcium 
phosphate ;  the  resulting  ammoniacal  super- 
phosphate is  to  be  sold  as  a  manure.  This  pro- 
cess has  been  tried  at  the  Munich  gas-wor«s 
(13ante,  Fischer's  .Jahresber.  18-i2,  281)  ;  accord- 
ing to  the  conditions  of  working  from  8-5  to 
31  p.c.  of  the  total  ammonia  was  thus  recovered 
in  the  superphosphate,  but  it  must  be  considered 
that  part  of  this  consists  of  sulphocyanide 
which  is  supposed  to  be  injurious  to  vegetation  ; 
also  that  the  soluble  phosphate  is  thereby  trans- 
formed into  precipitated  ishosphate.  The  latest 
reports  on  this  process  (.1.  fiir  Gasbel.  1887, 1,001) 
are  very  favourable  to  it. 

The  spent  oxide  from  the  gas-purifiers  also 
contains  considerable  quantities  of  ammonia. 
This  can  be  recovered  by  lixiviation,  either  hot 
or  cold.  liichters  (G.  P.  15,20G)  combines  the 
revivification  of  spent  oxide  with  the  recovery  of 
ammonia,  by  passing  air  through  the  mass,  con- 
tained in  close  boxes  ;  the  heat  produced  in  the 
oxidation  of  the  ferric  sulphide  drives  oif  the 
ammonia. 

2.  Some  modern  processes  are  intended  to 
make  the  production  of  amiuonia  a  principal 
feature  in  tlie  treatment  of  coal  or  shale,  and  to- 
obtain  the  heating  value  of  the  latter  as  a  secon- 
dary product,  mostly  in  the  shape  of  'water-gas.' 
It  has  long  been  known  that  the  injection  of 
steam  when  carbonising  nitrogenous  organic 
substances  increases  the  quantity  of  ammonia 
obtainable  therefrom,  and  the  process  of  H. 
Grouven,  mentioned  above,  which  dates  as  early 
as  1878,  takes  advantage  of  this  fact  for  utilising 
the  nitrogen  of  otherwise  useless  descriptions  of 
peat.  But  when  applying  this  process  to  bitu- 
minous  shale  or  to  coal,  it  must  be  noted 
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tliat  a  sensibly  increased  yield  of  ammonia  can 
only  be  obtained  by  applying  a  considerable 
quantity  of  steam,  and  that,  at  the  same  time, 
the  conditions  for  producing  an  increased  yield 
of  ammonia  and  those  for  producing '  water-gas  ' 
of  good  quality,  corresponding  to  the  reaction 
C  +  H.,0  =  CO  +  HoO  are  opposed  to  each  other, 
as  we  shall  see  directly.  It  is,  therefore,  unlikely 
that  the  recommendations  made  by  W.  Foster 
(I'roc.  Inst.  Civ.  Eng.  1833-84,  v.  77,  pt.  iii.) 
will  have  any  practical  success,  especially  as  his 
calculations  concerning  the  thermal  value  of 
viater  gas  have  been  shown  to  be  quite  erroneous 
(eomp.  ib.  G5  and  7()),  and  as,  even  with  the  im- 
provements made  by  Young  and  Beilby  (comp. 
below)  the  reaction  taking  place  in  this  instance 
yields  far  more  CO.  than  CO. 

Several  attempts  had  already  been  made 
in  this  direction,  e.g.  by  W.  Young  (E.  P.  April 
12,  1881)  ;  G.  Beilby  (E.  P.  May  18,  1881)  ; 
W.  Yomig  and  G.  Beilby  (E.  P.March  21,  1882). 
Young  and  Beilby  recover  part  of  the  nitrogen 
contained  in  bituminous  shale  and  coal  by 
burning  them  in  the  presence  of  steam.  Their 
process  is  described  at  length  by  Beilby 
(S.  C.  I.  1884,  216).  He  found  that  of 
100  parts  of  the  nitrogen  contained  in  bitu- 
minous shales  (amounting  to  about  1  p.c.)  there 
is  recovered  on  distilling  them  in  the  usual 
manner  for  the  production  of  paraffin -oils  :  17'0 
as  ammonia  in  the  watery  distillate,  20-4  as 
alkaloidal  tar,  G2-G  in  the  residual  coke.  When 
the  distillation  was  carried  on  first  at  a  low  red 
heat,  and  the  residue  was  afterwards  subjected 
to  a  bright  red  heat  in  the  presence  of  steam, 
only  4-9  nitrogen  was  left  in  the  coke,  74-3  being 
recovered  as  ammonia  and  20'4  as  nitrogenous 
tar.  A  certain  proportion  of  air  may  be  mixed 
■with  the  steam,  without  seriously  reducing  the 
yield  of  ammonia.  This  has  the  advantage 
that  a  certain  amount  of  heat  is  generated 
within  the  retort,  and  less  heat  has  to  be  supplied 
from  the  outside. 

The  theoretical  problem  to  be  solved  is  that 
of  applying  steam  in  such  a  way  that  the  carbon 
is  utilised  as  water-gas,  by  the  reaction  C  +  H^.O  = 
CO-l-H^,  wh.ilst  the  nitrogen,  also  by  the  action 
of  steam,  is  caused  to  pass  for  the  most  part 
into  ammonia.  Unfortunately  the  temperature 
at  which  carbon  freely  decomposes  water  is  con- 
siderably above  that  at  which  ammonia  is  de- 
composed ;  the  former  maybe  taken  as  1100°  to 
1200°,  whilst  according  to  llamsay  and  Young 
(C.  J.  1884,  88)  the  decomijosition  of  ammonia 
in  favourable  circumstances  commences  rather 
below  500^  and  is  nearly  complete  at  780°. 
This  difficulty  can  be  avoided  only  by  diluting 
the  ammonia  gas  with  a  large  quantity  of 
neutral  gas.  Grouven  effects  this  for  analytical 
purposes  by  passing  a  quantity  of  steam  through 
the  apparatus  equal  to  20  or  30  times  the  weight 
of  the  substance.  This  is  evidently  impossible 
to  apply  on  an  industrial  scale,  but  Young  and 
Beilby  have  found  that,  by  mixing  steam  and 
air,  GO  to  70  p.c.  of  the  nitrogen  can  be,  obtained 
as  ammonia  on  a  large  scale  with  an  expenditure 
of  only  1{-  parts  of  steam  to  1  part  of  coal. 
The  heating  gas  obtained  at  the  same  time,  that 
is,  even  with  Young  and  Beilby's  improvements, 
was  certainly  of  a  poor  description,  viz.  contain- 
ing iu  100  parts  by  volume  IG  G  CO^,,  8-1  CO, 


2-3  CH„  28-6  H,  44-4  N,  and  it  is  hence  doubtful 
whether  this  process  will  pay  in  actual  practice, 
especially  as  it  involves  the  erection  of  costly 
plant.  The  different  retorts  or  furnaces  con- 
structed for  this  purpose  are  described  and  illus- 
trated in  the  memoir  quoted.  They  consist 
essentially  in  vertical  shafts,  in  the  upper  half 
of  which  small  coal  is  carbonised,  the  coke  de- 
scending into  the  lower  half,  where  it  is  burned 
with  air  and  steam :  the  gases  and  vapours 
generated  in  the  upper  portion  are  passed  through 
the  red-hot  coke  contained  below,  and  are  here 
completely  converted  into  permanent  gases  and 
ammonia.  The  cooling  and  condensation  is 
effected  in  large  brick  chambers  where  water  is 
injected  in  fine  jets  of  spray  crossing  each  other; 
as  the  velocity  of  the  gases  is  very  slight,  the 
cooling  and  washing  processes  should  be  very 
thorough. 

L.  Mond  (E.  P.  3,923,  1883  ;  8,973,  188.5) 
applies  a  similar  principle  to  gas-producers,  in 
which  a  low  temperature  and  an  excess  of  steam 
is  conducive  to  the  formation  of  ammonia.  He 
describes  special  means  for  condensing  tar  and 
ammonia.  This  process  has  been  carried  out  on 
a  working  scale  with  good  success;  it  yields  a 
very  considerable  quantity  of  ammonia,  but 
much  poorer  gas  than  the  ordinary  process,  and 
it  must  depend  upon  the  relative  value  of  am- 
monia and  coal  whether  there  is  a  profit  in  it 
or  otherwise.  It  appears  that  it  is  going  to  be 
carried  out  on  a  very  large  scale. 

We  shall  further  quote  the  patents  of  G.  R. 
Hislop  (.5,262,  1882)  ;  of  H.  Simon  and  Watson 
Smith  (4,871,  1883) ;  of  H.  Kenyon  (1,010, 1886) ; 
of  A.  French  (5,945,  1885). 

3.  Ammonia  fnmi coke-ovens. — Whilst  in  the 
manufacture  of  coal-gas  the  ammonia  evolved 
has  been  collected  ever  since  the  commencement 
of  this  industry  (as  witnessed  by  the  patents  of 
Lord  Dundonald  in  1781,  of  Winzler  or  Winsor, 
iu  1804  and  the  following  years,  ifec),  owing  to 
the  fact  that  it  was  necessary  for  the  purifica- 
tion of  the  gas,  on  the  other  hand  the  ammonia 
produced  in  the  consumption  of  coal  for  coke- 
making  in  blast-furnaces  and  for  all  other  pur- 
poses has  been  wasted  until  a  very  recent  period. 
During  the  last  few  years,  however,  the  problem 
of  more  fully  recovering  the  nitrogen  of  coal  in 
the  shape  of  ammonia  has  received  a  very  great 
amount  of  attention. 

According  to  Gurlt  the  earliest  attempt  to 
collect  tar  and  ammonia  from  coke-ovens  was 
made  by  Stauf  in  1764,  at  an  ironworks  near 
Saarbriicken.  The  first  really  successful  ap- 
paratus of  this  kind  was  constructed  by  Carl 
Knab  at  St.  Denis,  in  1856.  His  ovens  were 
originally  only  provided  with  bottom-flues ;  on 
introducing  Knab's  ovens  at  Commentry,  Carves 
(18G2)  added  side-flues,  and  these  improved  ovens 
were  introduced  in  1866  at  the  Besseges  iron- 
works, and  1879  at  Terre-Noire.  About  1870 
the  coke-ovens  known  as  those  of  Pauwels- 
Dubochet  were  arranged  on  a  similar  plan,  but 
they  do  not  seem  to  have  had  the  same  effect  as 
far  as  the  quality  of  the  tar  is  concerned  ;  about 
the  ammonia  nothing  is  said  (Watson  Smith, 
S.  C.  I.  1884,  603).  The  Carves  oven  has  been 
further  improved  in  1882  by  H.  Simon,  of 
Manchester,  who  added  a  previous  heating  of 
the  air  to  500-600°  by  means  of  the  waste  heat 
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of  the  firc-gasGS.  Some  earlier  efforts  at  saving 
tar  anil  ammonia  in  coking  arc  nicntioned  by 
Watson  Smith. 

The  apparatus  devised  for  recnveving  am- 
monia (and  tar)  as  by-products  in  coking  may  be 
classed  as  follows  :  — 

I.  Those  which  are  merely  a  modification  of 
the  ordinary  coke-oven,  where  the  Ideating  is 
effected  by  admitting  air  and  thus  burning  pai  t 
of  the  coal  to  be  coked.  The  best-known 
examples  for  this  are  Jameson's,  comp.  S.  C.  I. 
1S83,  11-1(0.  P.  27,G'.)4,  24,915  and  25,07(i, 
E.  P.  14,551,  1885)  and  Liirmann's  coke-oven 
((t.  p.  17,203).  In  the  Jameson  coke-oven  the 
quantity  of  ammonia  obtained  is  not  worth  the 
c  lilecting,  as  stated  by  the  inventor  himself 
(J.  Soc.  Ch.  I.  11S85,  314).  Liirmann's  ovens 
have  also  proved  a  faihn'e.  Probably  the  tem- 
perature in  this  kind  of  furnace  is  too  high  for 
the  production  of  considerable  quantities  of  NH,,. 

II.  Those  where  no  air  is  admitted  into  tho 
interior  of  the  coke-oven,  all  the  heating  being 
done  from  the  outsiile  by  means  of  the  gas 
escaping  from  the  coal  in  the  coking  process, 
after  taking  the  tar  and  ammonia  out  of  it. 
Nearly  all  the  modern  coke-ovens  belong  to  this 
class,  of  which  it  is  iuipossible  to  describe  all  tho 
modifications.  Those  invented  within  the  la:  t 
few  years  have  been  described  in  the  S.  C.  I. 
18,-13,322;  1884,  (jOl ;  1635,  112  and  484.  For 
a  synopsis  of  the  whole  field  up  to  the  middle 
of  1887,  we  refer  to  Lunge's  Coal  Tar  an  I 
Ammonia,  p.  38-82  and  711-715.  Over  an  I 
above  the  '  Hotfmann-Otlo '  and  the  '  Simon- 
Carvii'S '  ovens,  principally  treated  there,  we 
must  now  quote  the  excellent  type  of  coke-ovens, 
invented  by  Th.  Bauer  (the  original  inventor  of 
t'.ie  '  Hoffmann  '  coke-oven),  as  patented  froi.i 
1884  onwards  (G.  P.  28,530,  32,235,  32,GG0). 

Without  going  into  any  details  of  construc- 
tion we  will  in  a  few  words  describe  the  general 
principle  followed  in  every  one  of  those  really 
successful  modern  coke-ovens.  They  ai'e  a'l 
constructed  (with  an  infinite  var'ety  of  detail)  o  i 
the  principle  of  a  close  chamber,  practically  a 
very  large  ret.jrt,  from  which  the  gases  evolve  I 
in  the  distillation  of  the  coal  are  mechanically 
aspirated  without  any  admixture  of  air  or  fire- 
gases.  The  gases  pass  through  condensers, 
cooled  on  the  outside  by  air  or  water,  whe:e 
they  deposit  a  great  deal  of  their  tar  and  am- 
monia ;  the  remainder  is  taken  out  by  scrubbers, 
and  the  residual  gas  is  then  carried  back  to 
flues  surrounding  the  coking-chambers,  in  order 
to  be  inflamed  by  means  of  a  current  of  (pre- 
viously heated)  air,  and  to  heat  the  coking- 
cliambers  from  the  outside.  After  having  effected 
this  purpose,  the  waste  fire-gases  are  employed 
fur  tlie  previous  heating  of  the  air,  serving  for 
combustion  in  '  recuperators  '  of  various  descrip- 
tions. By  this  process  the  following  advantages 
are  realised.  Wliilst  in  the  ordinary  coke-mak- 
ing process  no  tar  or  ammonia  is  obtained,  tho 
new  process  produces,  from  ordinary  coking-coal, 
about  2-3  p.c.  of  excellent  tar  and  about  1  p.c. 
of  sulphate  of  ammonia;  it  also  leaves  a  con- 
siderable amount  of  gas  at  disposal  for  heating 
steam-boilers,  Ac. ;  last,  not  least,  it  increases 
the  yield  of  coke  from  00  to  about  70  or  75  p.c. 
of  the  coal  -  that  is,  about  one-fifth  to  one- 
fourth.    The  quality  of  the  coke,  as  obtained  in 


I  the  best  new  ovens,  is  fully  equal  for  all  smelt- 
ing purposes  to  the  best  bee -hive  coke,  notwith- 
standing the  pi-ejudice  of  many  ironmasters 
against  it.  The  only  real  drawback  to  the  new 
process  is  the  large  amount  of  capital  required 
for  the  plant,  but  this  is  tending  to  be  greatly 
reduced  now — e.g.  in  the  Bauer  ovens. 

4.  Air.monia  from  blast  fnniacc  gases  cun,  of 
course,  only  be  obtained  in  the  case  of  blast- 
furnaces fed  with  raw  coal,  as  is  done  in  Scot- 
land. We  refer  here  also  to  the  descriptions  in 
Lunge's  Coal  Tar  and  Ammonia,  pp.  85  110  and 
557-563.  One  of  the  most  successful  of  these 
processes  is  that  of  Alexander  and  McCosh 
(E.  P.  4,117,  1879  ;  1,433,  1880  ;  3,785,  1881). 
This  process  has  been  carried  out  at  the  Gart- 
slierrie  ironworks.  The  gas  escaping  from  the 
blast-furnace  mouth  is  carried  through  an  ar- 
rangement of  pipes  alternately  communicating 
at  top  and  bottom,  where  the  cooling  action  of 
the  air  can  set  in.  The  bottom  communication 
consists  in  a  trough  with  suitable  divisions, 
where  the  condensed  ammoniacal  liquor  and  tar 
collects.  The  whole  apparatus  is  exactly  like 
that  used  in  ordinary  gas-works.  It  is  followed 
by  a  set  of  scrubbers,  not  filled  with  coke,  like 
ordinary  gas-scrubbers,  but  provided  with  a 
number  of  perforated  shelves,  which  leave  room 
fjr  the  passage  of  the  gas  alternately  at  opposite 
s'des,  whilst  water  is  continually  trickling  down 
throagh  the  perforations  and  washes  out  the 
ammonia  still  contained  in  the  gas.  The  liquid 
collecting  at  the  botlom  is  pumped  up  again  and 
used  over  again  till  it  is  sutticiently  saturateil 
with  ammonia.  The  gas,  after  being  freed  from 
tar  and  ammonia,  is  utilised  for  heating  pur- 
poses, like  ordinary  blast-furnace  gases. 

The  process  of  Alexander  and  McCosh  is  sub- 
stantially identical  with  that  of  W.  S.  Suther- 
land for  recovering  tar  and  ammonia  from  pro- 
ducer-gases (S.  C.  I.  1883,  459).  The  Dempster 
and  the  Henderson  process  are  also  very  similar. 

The  quantity  of  ammonium  sulphate  obtained 
from  blast-furnace  gases  at  the  Gartsherrie  iron- 
works is  about  0"9  p.c,  latterly  up  to  1'30  p.c.  of 
the  weight  of  coal  passing  through  the  furnace 
(together  with  10  2  p.c.  of  tar).    Tliis  is  ecpial  to 
the  quantity  of  ammonia  obtained  by  the  Carves 
I  process,  although  the  volume  of  the  gases  to  bo 
i  treated  in  the  blast-furnace  is  thirteen  times  that 
I  of  tl'.e  gases  evolved  when  previously  coking  the 
i  coal  by  itself  (J.  L.  Bell,  Engineering,  37,  378). 
This  evidently  involves  an  immense  amount  c  f 
cooling  and  compromises  the  economical  work- 
ing of  the  process.   This  drawback  is  intended  to 
be  avoided  by  the  process  of  Addie  (E.  P.  4,75s, 
1882  and  3,240,  1883),  which  is  also  applicable 
to  the  gases  from  coke-ovens  and  gas  producers. 
;  They  are  mixed  with  sulphur  dioxide,  sulticieiit 
i  to  fix  the  ammonia  as  sulphite,  and  are  then 
!  i^assed  through  a  scrubber  where  the  sulphite  is 
i  dissolved  out    and    the  resulting    solution  is 
!  oxidised  into  sulphate  by  injecting  air  into  it,  or 
1  else  it  is  distilled  with  lime  and  the  ammonia 
I  utilised  in  the  usual  manner.    The  liquors  actu- 
I  ally  obtained  by  this  process  contain  sulphate, 
j  sulphite,  and  thiosulijhate  in  varying  proportions 
j  (S.  C,  I.  1883,  458). 

Similar  processes  had  been  previously  applied 
I  to  ordinary  coal-gas  by  11.  Laming  and  by  W. 
I  Iluns  (1852),  anil  latterly  to  producer-gas  by 
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G.  E.  Davis  (R.  C.  I.  18S3,  521).  The  Soci6te 
de  Hussigny  (Lake's  E.  P.  5.808,  1884)  absorbs 
the  ammonia  from  furnace  gases  by  calcium 
chloride.  A  very  complete  paper  on  the  whole 
subject  has  been  read  by  W.  Jones  at  the  Iron 
and  Steel  Institute's  meeting  in  Glasgow  in  18S5 
(abstr.  S.  C.  I.  1885,  737).  He  states  that,  if  all 
the  blast-furnace  gases  in  Scotland  were  treated 
for  the  recovery  of  ammonia,  the  yield  of  am- 
monium sulphate  would  be  some  18,000  tons  per 
annum,  equal  to  22  p.c.  of  the  present  produc- 
tion of  Great  Britain. 

5.  A  number  of  German  patents  taken  out  in 
1883  (by  Neumaycr,  Lorcnz,  Welistoin),  treat  of 
the  recovery  of  ammonia  from  hot /(/7-iiacc  gases 
of  all  dcsci-iptions  by  means  of  injecting  into 
tiiem  heated  acid  in  a  iine  jet. 

6.  Very  many  attempts  have  re^-ently  been 
made  to  recover  the  ammonia  from  the  gases  of 
gas-prodttccrs  or  generators.  These  processes 
generally  resemble  those  applied  to  coke-oven 
and  blast-furnace  gases,  and,  like  these,  mainly 
consist  in  cooling  and  scrubbing  the  gas,  exactly 
as  in  the  piu'llicatlon  of  ordinary  coal-gas  ;  some 
of  them  add  to  it  the  action  of  acids,  as  just 
mentioned  There  are  also  some  special  plans — ■ 
c.r/.  the  following.  F.  Siemens  (E.P  9.103,  1885) 
separates  the  zone  where  hydrocarbons  are 
cooled,  along  with  ammonia,  from  that  where  the 
conversion  of  carbon  into  carbon  monoxide  takes 
place,  by  a  sijecial  construction  of  the  gas-pro- 
ducer, in  order  to  more  easily  condense  tar  and 
ammonia. 

T.  B.  Fogarty  (Lake's  E.  P.  5,3G1, 1883)  passes 
producer-gas,  raised  to  a  very  high  temperature 
through  a  shower  of  tineiy  comminuted  carbon 
and  alkali,  which  combine  with  some  of  its 
nitrogen  to  form  cyanide.  This  in  its  downward 
course  is  decomposed  by  steam,  ammonia  being 
formed,  which  is  recovered  by  a  scrubber. 

One  of  the  principal  attempts  in  this  direc- 
tion is  the  process  of  JMond,  already  mentioned 
{v.  No.  2),  in  which  the  quality  of  the  gas  is 
sacrificed  to  the  greatly  increased  yield  of  am- 
monia. 

We  must  further  mention  the  process  of 
G.  H.  Davis  (E.  P.  5,717,  1882  ;  4,468,  1883 ; 
S.  C.  I.  18^3,  522),  which  principally  aims  at 
very  greatly  increasing  the  quantity  of  benzol 


1  by  distilling  coal  at  a  very  low  temperature,  say 
about  G50°C.     He  thus  obtains  from  1  ton  of 

j  coal  37  gallons  of  aramoniacal  water,  together 
with  IC  gallons  of  tar,  4  gallons  of  90  p.c. 
benzol  from  the  gas,  and  a  residual  gas  well 
adapted  for  beating  purposes.  There  seem  to 
be  several  '  carbonising  works  '  in  England 
which  treat  the  gas  produced  in  the  distillation 
of  coal  as  a  by-product,  tar  and  ammonia  being 
the  principal  products.  These  works  can  evi- 
dently only  be  carried  on  when  tar  and  ammonia 

I  commanj  a  fairly  good  price,  which  has  some- 
times not  been  the  case  latelj'. 

j       The   following   olKcial    statement    of  the 

'  amount  of  ammonium  sulphate  produced  in 
1886  (Twenty-third  Annual  Report   on  Alkali 

j  &c.  Works,  26),  proves  that  so  far  the  greatest 
portion  of  ammonia  still  comes  from  gas-works, 
the  only  considerab'e  competitors  having  been 
the  Scotch  shale-works : 

Gas-works    ....     82,480  tons 
Iron-works   ....       3  950  „ 
Shale-works.       .       .       .     18,080  „ 
Coke  and  carbonising  works.       2,100  ,, 

Total  for  the  United 

Kingdom    .       .    106,010  „ 

II.  The  working  up  of  ammoaiacal  liquor. — 

The  ammoniacal  liquor  from  the  manufacture  of 
coal  gas  (to  which  the  liquors  obtained  in  other 
!  manufactures    bear  great   resemblance  in  all 
1  essential  points)  is  a  liquid  of  a  colour  varying 
from  light  yellow  to  dark  brown,  of  an  am- 
moniacal and  at  the  same  time  fetid  smell.  Its 
principal  constituents,  apart  from  small  quan- 
tities of  tarry,  ill -defined  substances,  some  of 
them  phenols,  are  ammonium  salts  :  carbonate 
;  and  sulphide  (which  always  prevail),  sulpho- 
cyanide,  fcrrocyanide,  chloride,  sulphate,  tliio- 
i  sulijhate,  sometimes  sulphite,  perhaps  also  free 
'  ammonia.    Together  with  these  occur  the  saits 
of  organic  nitrogenous  bases.    The  proportions 
in  which  those  salts  are  distributed  vary  greatly, 
both  according  to  the  nature  of  the  coals  dis- 
tilled and  the  way  in  which  the  distillation  had 
been  carried  on.  The  following  table,  by  Gerlach, 
!  gives  an  idea  of  this,  but  it  cannot  be  exact, 
since  no  sulphocyanide  is  mentionei:  — 

One  litre  of  gas-liquor  contains  in  grams  : 


Ubemuitz  works, 

S.ixoii  town, 

Bonn  works, 

Zwickau  coal 

Zwiokau  coal 

Itnhr  ooiil 

Total  ammonia  . 

12  090 

9-40 

18-12 

Ammonium  thiosulphate  . 

1-036 

1-628 

5-032 

„        sulphide . 

0-340 

0-646 

5-222 

,,  bicarbonate 

1-050 

1-470 

2-450  \ 

„  monocarbonate 

4-550 

7-580 

33-120  /■ 

,,         sulphate . 

0-462 

0-858 

1-320  I 

,,         chloride  . 

30-495 

17-120 

3-745  / 

Salts,  total .... 

37-943 

29-402 

51-889 

Treves  works, 
Saar  coal 

ZLu'ifli, 
Saar  coal 

15-23 

3-47 

2-072 

0-290 

2-408 

1-428 

33-703 

5-850 

4-922 

1-925 

43-225 

9-500 

The  valuation  of  gas-liquors  is,  at  least  in 
Great  Britain,  frequently  if  not  generally  per- 
formed at  the  gas-works  by  means  of  the  hydro- 
meter. This  method  is,  however,  most  decep- 
tive, for  the  ammonium  salts  raise  the  density 
of  the  liquor  in  an  unequal  degree,  and  free  am- 
monia (which,  however,  does  not  seem  to  occur 
frequently)   even  lowers  it.    It  is  hence  de- 


cidedly preferable  to  value  gas-liquor  by  a 
chemical  test.  In  England  it  is  usual  to  prepare 
a  standard  acid  by  diluting  lib.  of  rectified  oil  of 
vitriol  to  a  gallon  ;  the  dilute  acid  ought  to  be 
of  sp.gr.  1-008.  10  liquid  ounces  of  the  gas-liquor 
are  measured  off  and  the  acid  is  run  in  fi'om  a 
measure  graduated  to  liquid  ounces,  till  litmus 
paper  indicates  neutrality.   (A  solution  of  litmus 
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cannot  be  emplo3'G(l,  both  on  account  of  the  , 
oi'iginal  colour  of  tlie  gas-U(]uor  and  of  the  H_S  ' 
evolved).  The  number  of  the  measures  of  aci  I 
consumed  indicates  the  number  of  ounces  of 
concentrated  oil  of  vitriol  which  each  gallon  of 
the  gas-liquor  requires  for  saturation.  It  is 
generally  assumed  that  each  degree  of  Twaddell's 
hydrometer  corresponds  with  about  2  ouncos  of 
sulphuric  acid,  e.g.  gas-liquor  of  4°Tw.  ouglit  to 
saturate  8  ounces  of  acid.  But  this  is  anything 
but  correct :  usually  less  acid  is  required  than, 
according  to  the  hydrometer,  should  be  ex- 
pected. 

If  the  test-acid  is  correctly  made  to  contain 
100 grams  of  H.SO,  per  litre,  cacli  ounce  used  in 
the  test  is  ccpial  to  O-olli',)  ouncos  of  NH,  por 
gallon,  or  0-217  part  NH^  by  weight  per  100  parts 
iquor  by  volume. 

This  '  saturation  test '  only  indicates  tho 
ammonia  combined  with  CO,  and  Hii,  but  not 
that  combined  with  other  acids.  The  total  am- 
monia is  estimated  by  the  distillation  test. 
A  sample  of  the  gas-liijuor  is  distilled  wit'.i 
caustic  soda,  magnesia,  or  lime,  and  the  vapours 


I  are  received  into  water  or  at  once  into  standard 
'  acid,  the  unsaturated  acid  being  afterwards  de- 
termined by  standard  alkali.  S.  Dyson,  who 
has  given  a  complete  set  of  methods  for  the 
total  analysis  of  gas  liquor  (S.  C.  I.  1883,  229) 
recommends  employing  magnesia  in  lieu  of  soda 
or  lime,  because  the  former  is  supposed  not  to 
set  free  volatile  organic  bases,  bat  Lungo  has 
shown  {ib.  514)  that  this  is  a  mistake,  and 
that  magnesia  has  the  drawback  of  requiring 
longer  time-  and  a  greater  excess  to  act.  It 
seems  preferab-e  to  us 3  lime,  because  this  is  the 
agent  employed  on  a  manufacturing  scale,  and 
it  is  rc(piired  to  know  how  much  ammonia  will 
be  obtained  by  it.  The  liquid  should  be  distilled 
almost  to  dryness,  so  as  to  make  sure  of  driving 
oli'  all  the  ammonia. 

The  following  tables  are  constructed  from 
the  materials  supplied  in  a  paper  by  J.  H.  Cox 
(.Journal  of  tiaslighting,  18H;i),  but  the  thio- 
sulphate  is  not,  as  there,  included  in  the  volatile 
salts,  since  this  salt  on  boiling  does  not  decom- 
pose any  more  than  the  chloride. 


I.—  Table  showing  the  properties  and  eomposilion  of  eight  samples  of  gas-Uqiior,  obtained  from  the 
same  coal,  but  taken  from  different  points  in  tlie  condensing  and  scrubbing  plant. 


Condensed 

 • 

h\  (! raulic 
main 

very  dull 

Colour       .      .  1 

orange,  tui'ned 
blauLc  in  air 

Sp.  pr.  in  (Icq:.  Tw.  1 

ol 

at  1.5-50C.       .  1 

Oiiiices  by  diitil!a- 1 

C-1 

tion  test  .      .  1 

Dunces  by  satura- 1 

27 

tiou  test  .      .  1 

.Vm.    sulphide, ) 
grams  per  gal.  f 

=  NH  „  gr.  iier  g.al. 

Vil 

\m.  carbonate,! 

.SCI 

gr.  per  gal.     .  f 

=  NH-„  gr.  pergal. 

2,i;1 

Am.  tiiiosulpliate. 

122 

gr.  per  gal. 

=  NH,.gr.  per  gal. 

28 

Vm.  sulphate,  gr.  ] 

8 

per  gal.   .      .  f 

=  NH„gr.  per  gal. 

2 

Vm.     tliiouyauatc,  [ 

112 

gr.  per  gal.     .  ) 

=  NH,.  gr.pergal. 

fVm.    chloride,  gr.  1 

1 5:.2 

per  gal.  .      .  f 

=  N  H„  gr.  per  gal. 

4;)  3 

Vm.   ferrocyaiiide,  | 

gr.pergal.     .  1 

=  NH3,  gr.  per  g.al. 

Total  ainmouia, 
gr.  per  gal.     .  1 

mo 

Percentage  of  fixed  i 

30% 

am.  ill  thetotal  am.  i 

\.m.  expressed   as  ) 

cwt.  oC  su'pliate,  j 

4-5 

per  1000  gai:ons  ) 

Va'iie  of  liquor  for  j 
sulpliate  making  f 

very  small 

Liquor 

Another 
point  of  the 

main 

From 
first 
con- 
denser 
eoluiini 

From 
second 

con- 
denser 
column 

From 
third 
condenser 
column 

Prom 
fourth 
condenser 
column 

From 
tir<t 
washer 

From 
fini-hinc' 
washer 

very  dull 
orangi',  turneil 
black  in  air 

colour- 
less 

almost 
colour- 
less 

brown  red, 
from  ight 
tar-oi  s 

dark 
brown,  from 
tar-oils 

colour- 
less 

colour- 
less 

2i 

7 

15 

23 

24 

2 

C-0 

10-2 

3C1 

530 

580 

lC-5 

8-3 

2-S 

15-9 

35-7 

52-5 

57-4 

lC-1 

81 

410 

2I.10 

5000  , 

8110 

192 

1220 

2:0 

1215 

2500  I 

7'iT, 

4220 

70G 

CIO 

510 

.3:i-l 

8120  r 

KIJ, 

12,12c 

451 2 

1G90 

81 

I  200 

2830 ) 

4300 

IGOO 

COO 

82 

trace 

125 

7(15 

230 

135 

10 

trace 

41 

81 

irc 

51 

31 

34 

9 

i:;o 

01 

tr.ace 

112 

27 

20 

tr;y  e 

25 

G 

1 15.5 

11) 

155 

2„1 

107 

88 

33 

4l'i2 

:« 

50 

CI 

31 

28 

12 

ti'ace 

22 

41 

125 

375 

5 

10 

30 

no 

s;o 

21  GO 

5  ISO 

8080 

8S20 

2500 

1200 

5C% 

1-8% 

1-S5"„ 

2'2% 

3-l% 

4-2":, 

4-0. 

4-0 

11-D 

2G-C 

30-3 

42-8 

u-s 

6-1 

very  small  -| 

very 
good 

very 
good 

1 1  excellent 

excellent  | 

very 
good  1 

not  quit 

eilOllLTll 

00 
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Tabic  shnicing  the  jvopcrtics  and  composition  of  various  snmiilcs  of  liquor  from  different 
coals,  and  from  different  points  in  the  condensing  and  scrubbing  plant. 


C  lour  

Sp.  gr.  in  de?.  Twaddell  at  15-5°  C. 
Ounces  by  distillation  test 
„       saturation  test 
Am.  sulphide,  grams  per  I'lou 

=  NHj 

„   carbonate  „  „ 

=Nn, 

„   thiosnlpliate  „  „ 

=  Nn,  „ 
„   sulpliate  „  „ 

=  NU3 

„   thiocyanate  „  „ 

=  N1T,  „ 

,,   ch'oride  „ 
=  Nn, 

ferrocyauide            „  „ 
NIT3  „ 
Total  ammonia              „  „ 
rerceutiige  ol  fixed  ammonia 
Am.  expressed  as  cvvt.  sulphate  per  1 
1000  gallons  I 

Value  of  liquor  for  sulpliate  making  . 


Condensed 

A-iOtlier 

Same  liquor 

liquor 

sample 

exposed 

paised 

taken  at 

to  air, 

tlirougli 

dilfercnt 

high  tem- 

scrubber 

time 

perature 

yellow 

yellow 

bright  orange 

4-5 

4 

3-5 

10(10 

8-23 

6-9) 

8-3i) 

7-0) 

4-25 

9C0 

12 IG 

G:iO 

480 

G.18 

315 

20::0 

ii.-.o 

8  10 

7l'0 

410 

283-5 

195 

182 

23G 

45 

42 

52-5 

— 

trace 

39 

10"5 

338 

213 

472 

75 

54 

105 

507 

403 

811 

180 

1:;3 

283-5 

truce 

1500 

1250 

10-jO 

20 

18-3 

43 

7-25 

GOO 

5-00 

not  good 

poor 

very  poor  | 

Hydraulic 
main 
liquor 


dar 


k  yellow 
2 

5-GO 
3- to 

676 
2SS 

193 

35 


3G 
301 


8G0 
44 


It  worth 
ivorking 


Part 
condenser 
liquor,  part 
h^  ilraulic 
main 


yellow 
3 

6-CO 
4-90 
220 
110 
1C92 
COO 
174 
40 
9 
2-5 
90 
20 
C93 
220 
31 
7-5 
1000 
29 

4-85 


From 
'  standard ' 
washer 
before 
purifiers 


colourless 
4-5 
lO'JO 

10-00 

1180 

590 
2540 
900 
trace 


3? 
10- 1 


1500 
0-7 

7-30 
very  good 


Detailed  analyses  of  gas-liquor,  obtained  under  dili'event  conditions,  are  given  by  L.  T.  Wright 
(S.  C.  I.  188G,  655),  v.  also  Gas,  coal. 


The  working  up  of  the  gas-liquor,  so  far  as 
it  was  not  run  to  waste,  formerly  consisted  in 
saturating  it  directly  with  sulphuric  or  hydro- 
chloric acid  and  evaporating  till  the  sulphate  or 
chloride  CjystallisGd  out.  This  caused  great  nui- 
sance by  the  gases  which  escaped  on  saturation, 
and  the  resulting  salt  was  so  much  discoloured 
by  tarry  substances  that  it  would,  nowadays,  be 
hardly  saleable.  Moreover,  the  evaporation  of 
such  dilute  solutions  takes  more  fuel  than  driving 
oli  the  ammonia  from  gas-liquor  in  properly 
constructed  apparatus.  Tliis  process,  now  uni- 
versally preferred,  seems  to  have  been  first  car- 
ried out  by  Watson  in  1838. 

The  apparatus  for  distilling  gas-liquor  must 
bo  so  arranged  that  it  admits  of  driving  off 
the  total  ammonia  along  with  as  little  water  as 
possible,  and  with  a  minimum  of  fuel.  It  should, 
therefore,  be  constructed  upon  similar  principles 
to  that  for  rectifying  spirit  of  wine,  which,  as  a 
matter  of  fact,  has  served  as  a  model  in  this 
case.  There  are,  however,  some  questions  to  be 
considered  previously  to  entering  upon  the  mat- 
ter of  stills  themselves. 

The  first  question  is  this  :  whether  lime  is  to 
be  used  in  the  distillation  or  not.  In  the  latter 
case  only  the  carbonate  and  sulphide  of  am- 
monium are  driven  off  (in  a  state  of  dissociation) 
while  the  chloride,  sulphate,  and  sulphocyanide 
remain  behind.  These  fixed  salts  are  decom- 
posed by  lime,  and  their  NH^  is  thus  recovered, 
but  many,  especially  British  manufacturers,  pre- 
fer avoiding  this  comphcation,  as  they  consider 
that  the  ammonia  rocovere  1  thereby  does  not 
pay  for  the  extra  trouble  and  expense.  On  the 
oontinent  it  is  far  more  usual  to  employ  lime, 
but  only  after  expelling  the  volatile  salts  :  this 
saves  time  and  inconvenience.  The  escape  of 
H^S  cannot  he  avoided  even  by  a  great  excess  of 
lime  as  CaS  is  partly  deeomijosed  in  the  boiling. 


It  is  a  further  question  what  kind  of  heating 
is  most  advantageous,  for  distilling  ammonia. 
From  experiments  made  on  a  manufacturing 
scale  by  Dr.  Tidy,  it  would  seem  that  heating 
by  steam  directly  blown  into  the  liquid  is  supe- 
rior to  indirectly  heating  by  a  steam  coil  or  by 
a  fire  from  without;  in  the  first  case  98-5,  in  tlie 
second  case  only  9-J,  in  the  third  90  per  cent,  of 
the  total  ammonia  was  expelled. 

In  any  case  it  would  be  inexpedient  to  expel 
the  ammonia  by  heating  without  utilising  the 
(sensible  and  latent)  heat  of  the  vapours  for  a 
preliminary  heating  of  fi-osh  gas-liquor  ;  when 
doing  this,  the  ammonia  is  at  the  same  time 
freed  from  aqueous  vapour  by  dephlegmation, 
and  a  very  great  saving  of  fuel  is  the  conse- 
quence. 

The  distilling  apparatus  must  differ  accord- 
ing to  whether  it  is  the  aim  of  the  operation  to 
ohtMnliqiior  ammonicc,  or  to  receive  the  vapours 
in  sulphuric  acid  and  to  manufacture  com- 
mercial sulphate  of  ammonia  ;  or  to  condense 
the  carbonate  and  sulphide  as  a  concentrated 
solution  whereby  a  saving  in  the  cost  of  car- 
riage, as  compared  with  that  of  crude  gas-liquor, 
is  effected. 

The  principle  of  dephlegmation  and  rectifica- 
tion can  be  carried  out  in  many  different  ways, 
of  which  we  shall  here  describe  some  of  those 
most  frequently  in  use  in  ammonia  works. 

Many  English  ammonia  works  use  a  Coffey 
still  (first  employed  by  Newton  in  1811,  fig.  1). 
This  consists  of  an  oblong  vessel  n,  and  two 
superposed  columns,  cdef  and  ghik,  made  of 
wood  lined  with  lead.  The  bottom  vessel  is 
divided  into  two  chambers  b'b''  by  a  horizontal 
diaphragm  d,  perfoiated  with  many  holes. 
Steam  is  blown  into  the  bottom  compartment 
and  carries  away  the  last  traces  of  ammonia 
from  the  liquor  which  has  made  its  way  thereto. 
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Tlie  mixed  steam  and  ammonia  then  pass 
througli  the  first  of  the  superposed  cohimns,  the 
'analyser'  odef,  which  is  divided  into  twelve 
chambers  fff,  by  horizontal  diaphragms  r/Zi, 
perforated  with  many  holes,  and  also  provided 


with  a  number  of  valves  on,  opening  upwards, 
and  overflow  pipes  jrj,  seated  at  the  bottom  of  the 
next  lower  compartment,  by  a  'hydraulic  lute.' 
Eroni  there  the  vipours  pass  on  to  the  rectifying 
column  GniK,  hllel  with  similar  diaphiagms,  but 


i'la.  1. 


containing,  moreover,  a  pipe  m,  which  runs  in 
a  zigzag  course  through  all  the  chambers  of 
tlie  rectifier  and  outside  of  it  ris?s  up  again, 
finally  ending  near  the  top  of  the  analyser? 
Through  this  p'pe  gasdifjaor  is  pumped  so  that 


it  must  run  within  the  pips  tlno  igh  all  the 
chambers  of  the  rectifier,  and  issues  near  the 
top  of  the  analyser  in  order  to  flow  down 
through  all  its  chambers,  forming  a  layer  on 
each  of  the  diaphragms,  according  to  the  height 


I'Ki. 


of  the  overflow  pipes  (the  steam  meeting  it  pre- 
venting the  liquor  from  flowing  through  the 
holes  in  the  diaphragms).  Ultimately  the  liquor 
reaches  the  bottom  compartment  where  steam  is 
injected  into  it.  As  this  passes  on  through  the 
analvser,  it  carries  oil  must  of  the  aiinnonia 

Yoi-. 


contained  in  the  descending  liquor,  so  that  but 
little  remains  to  be  driven  out  in  the  bottom 
compartment.  The  mixture  of  steam  and  am- 
monia, as  it  passes  on  through  the  rectifier,  heats 
the  liquor  running  down  in  the  zigzag  pipes 
iilmost  to  the  boiling-point,  but  in  doing  so  most 

H 


08 


AMMOXfA, 


of  the  steam  is  condensed,  so  that  almost  pure 
ammonia  issues  at  the  top  and  can  either  be 
condensed  into  a  concentrated  solution  or  passed 
into  sulphuric  acid  to  be  absorbed.  In  this  waj' 
the  heat  originally  supplied  by  tho  steam  is 
completely  utilised,  as  is  shown  by  the  am- 
monia passing  out  almost  cool. 

This  apparatus  (as  well  as  Solvay's  and 
several  others),  rationally  as  it  is  constructed,  is 
not  very  well  adapted  for  distilling  gas-liquor 
with  lime,  and  in  fact  is  used  only  by  those  dis- 
tillers who  dispense  with  lime.  Where  lims 
is  used,  other  apparatus  is  preferred,  of  which 
we  only  describe  a  few  examples. 

Mallet's  apparatus  (fig.  2),  principally  used 
in  France,  consists  of  a  number  of  upright 
cylindrical  stills,  holding  above  1,000  gallons 
apiece,  and  disposed  terrace-wise.  The  lowest 
stills,  A  and  B,  are  heated  by  a  direct  tire ; 
these  are  provided  with  mechanical  agitating 


gear  h,  for  mixing  the  liquor  with  lime  and 
preventing  any  burning  on.  The  third  and 
fourth  stills,  c  and  d,  serve  for  washing  the 
vapours  from  b,  and  are  at  the  same  time 
heated  by  these.  From  d  the  vapours  enter  a. 
worm  F,  70  or  80  feet  long,  placed  in  a  tank 
where  it  is  cooled  by  gas-liquor.  The  liquid 
here  condensed  Hows  into  a  collector,  whence  it 
can  be  emptied  back  into  d  ;  the  gases  pass  on 
through  another  worm  t,  cooled  by  air,  and 
ultimately  into  the  vessel  where  they  are  to  be 
absorbed.  The  gas-liquor,  which,  as  we  have 
seen,  is  to  be  fed  into  the  outer  space  of  the 
cooling  tank  f,  there  undergoes  a  preliminary 
heating  and  then  gradually  passes  on  through 
the  stills  V,  c,  b,  and  a,  being  on  its  way  mixed 
with  lime  ;  the  spent  liquor  is  ultimately  run 
out  of  A. 

Griineberg's  apparatus,  one  of  those  most 
widely  employed,  has  been  modified  from  time 


to  time  (G.  P.  35,  9,302,  33,320).  The  apparatus 
first  constructed  was  heated  by  a  direct  tire, 
the  last  is  intended  for  heating  by  steam  injected 
into  the  liquid.  All  his  apparatus  are  intended 
to  work  so  that  the  volatile  salts  are  driven  off 
first  by  the  vapours  given  olf  by  the  hotter 
parts  of  the  liquid  ;  the  liquor  then  arrives  at  a 
place  where  it  meets  with  milk  of  lime  in  order 
to  decompose  its  fixed  ammonium  salts ;  and 
this  passage  is  so  prolonged  that  the  spent 
liquor  can  be  made  to  run  away  in  a  continuous 
stream,  whilst  the  spent  lime  is  from  time  to 
time  withdrawn  by  a  sort  of  valve.  The  ap- 
paratus intended  for  direct  firing  is  so  con- 
structed that  the  lime  cannot  form  hard  crusts 
on  surfaces  exposed  to  the  heat  of  the  lire. 
The  fire  is  applied  to  the  outside  of  an  up- 
right cylindrical  still  or  boiler,  which  has 
within  it  a  vertical  cylindrical  tube,  extending 
below  the  bottom  of  the  boiler,  beyond  t!ie  heat- 
ing zone,  and  there  closed  with  a  blow-off 


cock  or  valve.  The  upper  end  of  this  tube 
reaches  nearly  up  to  the  top  of  the  boiler  and  is 
open  to  the  vapour  space  of  the  latter.  Above 
the  boiler  is  a  vessel  charged  with  milk  of  lime 
from  a  tank  above,  and  this  vessel  is  again  sur- 
mounted by  a  rectifying  column,  of  the  descrip- 
tion generally  employed  in  spirit  stills.  The 
vapours  generated  in  the  bottom  boiler  pass 
through  pipes  reaching  down  near  the  bottom  of 
the  lime  vessel  into  the  latter,  and  keep  its  con- 
tents continuously  agitated ;  they  then  pass 
through  the  successive  compartments  of  the 
rectifying  column.  In  this  the  descending  gas- 
liquor  is  gradually  heated  and  deprived  of  its 
volatile  ingredients,  whilst  the  ascending  vapours 
are  partly  condensed  and  mix  with  the  descending 
liquor ;  the  uncondensed  gases,  together  with 
those  liberated  from  the  descending  hquor,  pass 
away  throu:{h  a  pipe  into  the  vessel  or  worm, 
where  they  are  to  be  absorbed  in  water  or  sul- 
phuric acid.  From  the  bottom  of  the  column  the 
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liquor,  still  containing  the  non-volatile  ammo- 
nium salts,  flows  into  the  lime-vessel  and  is  there 
mixeil  with  its  contents.  The  whole  descends 
through  an  overflow  pipe  into  the  bottom  of  the 
central  tube  of  the  bottom  boiler,  wliere  the  lime 
is  deposited,  so  that  it  docs  not  come  into  contact 
with  the  heated  outer  surface  of  the  boiler  ;  only 
the  clear  liquor,  gradually  rising  in  the  central 
tLiba  and  frjm  this  overflowing  into  the  outer 
s^iace  of  the  boiler,  is  exposed  to  the  action  of 
tlie  fire,  and  is  thus  deiDrivei  of  the  last  traces 
of  ammonia,  a  large  quantity  of  steam  being 
generated  at  the  same  time,  which  passes 
tiuougli  all  the  parts  of  the  apparatus  pre- 
viously mentioned,  and  there  ac.s  as  described. 
I''i'om  the  bottom  of  the  boiler  the  spent  liquor 
rises  again  in  a  tube  and  overflows  through  a 
deep  hydraulic  seal  as  fast  a.s  liquor  descends 
from  above. 

A  new  modification,  patented  by  Griineberg 
and  Blum  (ti.  P.  33,320)  is  preferable  in  all 
cases  where  there  is  steam  at  disposal.  Fig.  3 
shows  this  apparatus  as  adapted  to  the  manu- 
f.'.cture  of  ammonium  sulphale.  A  is  the  still, 
B  the  gas-liquor  heater  (economiser),  c  the  lime- 
pump,  and  I)  the  saturator.  The  gas-liquor 
enters  the  heat  economiser  u  by  means  of  pipe 
a,  and  flows  from  this  by  pipe  h  into  the  coluuni 
):,  whicli  serves  to  drive  out  the  volatile  am- 
monium salts.  The  lime  vessel  f,  into  which 
milk  of  lime  is  pumped  by  means  of  pump  c 
and  pipe  c,  serves  to  expel  the  fixed  ammonia, 
and  the  boiler  o,  with  its  stepped  cone,  serves 
to  boil  the  livjuor  in  thin  sheets,  by  means  of 
the  steam  coil  d.  and  thus  to  set  free  the  last 
portions  of  ammonia.  In  r.  the  first  heating  of 
tbe  liquor  takes  place  by  means  of  the  hot  vapours 
from  the  satuiator  r>,  which  ascend  through  the 
bell  q,  the  jiipe  .s'  and  the  inner  pipes  of  r.,  while 
the  liquor,  arriving  at  a,  rises  up  in  b.  It  then 
enters  through  b  into  the  dephlegmating  column 
E,  and  finds  its  way  downward  from  chamber  to 
cli amber,  till  it  gets  into  the  lime-vessel  f.  i'rom 
hero  it  overflows  by  pipe  /  into  the  sUidge-catcher 
(I,  overflows  here  again  all  round  at  liU  and  runs 
over  the  cone  i  downwards  from  step  to  step ; 
from  the  pipe  k  it  is  discharged  continuously 
and  quite  spent  to  the  overflow  t.  The  steam 
travels  in  the  opposite  way -  namely,  along  the 
steps  of  cone  «,  upwards  in  pipe  m,  and  tlnoiigh 
It  into  the  lime  vessel  r.  From  here  the  mixed 
steam  and  ammonia- vapours  ascend  into  the 
column  E,  and  traverse  this  from  chamlier  to 
chamber,  and  ultimately  leave  it  by  the  pipe  p. 
This  pipe  enters  the  saturat  ng  box  d,  filled  with 
sulphuric  acid.  The  sulphuretted  hydrogen, 
carbon  dioxide,  &c.,  collecting  in  the  bell  q,  are 
led  through  the  flue  s  into  the  economiser  b, 
where  they  give  up  their  heat  to  the  gas-liqnor, 
and  lose  their  steam  in  the  shape  of  condensed 
water.  Ultimately  they  are  conveyed  by  a  pijie 
not  shown  in  the  diagram  into  some  fireplace 
to  be  burned,  or  can  be  treated  in  any  other 
desired  way. 

In  the  apparatus  of  Feldmann  (G.  P.  21,708) 
fig.  4,  the  gas-liquor,  after  having  passed  through 
the  ordinary  rectifying  cohnnn  a,  flows  into  a 
vessel  B,  into  which  milk  of  lime  is  pumped  by 
G  in  regular  intervals,  whilst  the  whole  is  kejjt 
agitated  by  steam  injected  into  the  mixture. 
The  liquor,  alter  having  deposited  most  of  the 


lime,  flows  into  a  second  column  c,  where  the 
anmionia  set  free  by  the  lime  is  distilled  olT  : 
the  spent  liquor  runs  away  continuously  through 
g,  and  the  gases  and  vapours  pass  over  by  pipe 
e  into  the  first  column  ba,  wiilth  selves  both  lor 


Fig.  4. 

retaining  the  water  and  for  driving  o,7  tl;c  vola- 
tile annnonium  salts  contained  in  the  crude 
gas-liquor.  The  economiser  j,  and  the  saturator 
,  witli  the  gas-bell  f,  lequire  no  special  explana- 
tion. This  apparatus,  as  well  as  those  of  Mallet 
and  Griineberg,  is  very  successfully  employed  at 
many  works. 

All  the  apparatus  described  l'.e;e  are  of  the 

I  'continuous  '  kind,  but  in  many  annnonia  woiks 

!  intermittent  stills  are  yet  in  use,  mostly  in  sets 
of  two  or  even  three,  the  fresh  licjiior  being  fed 
into  the  top  still  and  finding  its  way  into  tlie 
bottom  still  when  this  has  been  emptied.  Such 
appai'atus,  as  well  as  many  other  descriptions  of 
ammonia  stills,  are  described  and  figured  in 

!  Lunge's  Coal-Tar  and  Ammonia,  Chapter  11. 
There  are  found  there  also  descriptions  of  ap- 
paratus specially  adapted  for  extiacting  the  am- 
monia from  the  fermented  sewage  liquors  and 
from  f  (le  mother  liquors  of  ammonia-soda  works. 

Tne  gases  obt.uned  in  all  these  apparatus 
consist  of  free  annnonia,  ammonium  sulphide, 
and  ammonium  carbonate  (or  r.'ither  of  a  mix- 
ture of  dissociated  gases  producing  these  com- 
pounds on  condensation).  Sometimes  they  are 
condensed  at  once  in  the  shape  of  a  concen- 
trated solution,  principally  for  the  use  of  the 
ammonia-soda  manufacturers,  and  sold  as  con- 
centrated cjas-liqiior.  More  frecpiently  they  are 
utilised  for  the  production  of  ammonium  sul- 
phate or  ammonium  chloride. 

Ammou.um  su  phate  is  produced  by  passing 
tlie  vapours  evolved  in  the  ammonia  stills  into 

,  '  satui  ators  '  containing  sulphuric  acid.  These 
are  generally  wooden  vessels,  lined  with  lead  ; 
the  vapours  are  admitted  by  a  perforated  pipe 
near  the  bottom,  or  by  a  bell-jar  dipping  below 
the  liquid,  or  a  similar  contrivance.  In  any 
case  care  must  be  taken  not  to  allow  the  offen- 
sive gases  evolved  during  the  evaporation, 
especially  hydrogen  sulphide,  to  escape  into  the 
atmosphere.  It  was  formerly  most  usual  to 
burn  the  hydroi^en  sulphide  by  passing  it  through 
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a  coke  fire,  the  sulphur  dioxide  being  conducted 
into  a  chimney.  But  as  the  combination  of 
ammonia  with  sulphuric  acid  evolves  consider- 
able heat,  a  great  deal  of  steam  is  formed,  which 
accompanies  the  hydrop;en  sulphide,  and  would 
interfere  with  its  combustion  unless  it  were 
previously  removed.  Tliis  is  generally  done  by 
cooling  the  vapours  escaping  from  the  saturation, 
so  that  the  steam  is  condensed,  mist  rationaUy, 
by  employing  tlieir  heat  for  a  pre/ious  heating- 
up  of  fresh  gas-liquor.  Several  of  the  new  stills 
(Griineberg's,  i'eldmann's,  etc.)  have  adopted 
this  principle.  A  rather  ccmph'catpd  apparatus 
for  burning  hydrogen  sulphide  is  described  by 
Chateau  (Bl.  36,  li)5). 

Usually,  the  sulphur  dioxide  formed  by  the 
combustion  of  hydrogen  sulphide  is  allowed  to 
escape  into  the  air  as  being  comparative'y  harm- 
less. But  this  is  only  a  makeshift,  and  should 
not  be  resorted  to  in  large  works,  since  it  has 
been  proved  that  the  hydrogen  sulphide  can  be 
burned  so  as  to  utilise  the  sulphur  dioxide 
formed  for  the  manufacture  of  sulphuric  acid 
(P.  Spence  at  Manchester,  Hunt  at  Frizinghall 
near  Bradford).  Sometimes  this  hydrogen  sul- 
phide is  burned  in  ordinary  pyrites-burners 
together  with  pyrites  or  spent  oxides  (Spence, 
E.P.  1882.  1,494). 

Young  (E.  P.  1880,  1,310)  burns  the  am- 
monium sulphide  directly  into  sulphite,  and 
converts  this  into  sulphate  by  means  of  heated 
air. 

Attempts  have  been  made  to  retain  the 
hydrogen  sulphide  by  lime,  or  to  precipitate  it 
with  iron  cr  manganese  salts,  but  the  former 
process  is  incomplete  and  the  latter  too  trouble- 
some and  ccstly.  It  has  also  been  proposed  to 
employ  feriie  hydrate  in  the  still  itself;  the 
reaction  would  then  be  : 
Fe,(OH),  +  3(NH,),S  =  2FeS  -^  S  4  GNH,  -h  GH  0. 
The  ferrous  sulphide  remaining  behind  is  re- 
vivified in  the  usual  manner  until  it  is  saturated 
with  free  sulphur,  which  is  then  recovered  by 
well-known  processes. 

The  simplest  and,  in  most  cases,  a^so  a  per- 
fectly efficient  plan  is  that  of  passing  the  satu- 
rator  gases,  previously  freed  as  much  as  possible 
from  moisture,  through  an  ordinary  oxide  of 
iron  purifier,  such  as  is  used  at  all  gasworks. 
This  completely  retains  the  hydrogen  sulphide. 

It  is  preferable  not  to  connect  the  purifier 
with  a  chimney,  but  to  leave  it  open  so  that  any 
imperfection  in  its  action  can  be  discovered  at 
once  before  the  noxious  gases  have  travelled 
any  distance.  Of  course  the  spent  oxide  is 
revivified  in  the  usual  manner,  and  is  ultimately 
worked  for  the  sulphur  it  contains. 

In  the  process  of  C.  F.  Glaus  (E.  P.  3,000, 
1882  ;  5,070  and  5,959,  1883)  the  gas  is  mixed 
with  a  carefully  regulated  quantity  of  air, 
containing  just  sufficient  oxygen  to  burn  the 
hydrogen  of  the  hydrogen  su'phide,  and  the 
niixture  is  passed  through  a  chamber  in  which 
it  has  to  traverse  a  hot  layer  of  porous  matei-ial, 
preferably  oxide  of  iron.  Here  the  hydrogen  is 
burnt  to  water  and  sulphur  is  set  free,  the  heat 
of  the  reaction  keeping  up  the  temperature 
without  any  external  heating.  The  steam  and 
sulphur  vapours  pass  into  a  series  of  condensing 
chambers  from  which  the  sulphur  is  from  time 
to  time  removed.  Since  at  times  some  sulphur 


dioxide  or  hydrogen  sulphide,  or  both,  may 
escape,  the  gases  should  be  ultimately  passed 
through  limestone  moistened  with  water  and 
through  a  small  oxide  of  iron  purifier.  This 
process  is  stated  to  work  very  satisfactorily. 

Apart  from  the  nuisance  caused  by  the  gases 
esoapmg  from  the  saturators,  there  may  he 
nuisance  arising  from  the  storage  of  the  gas- 
liquor,  from  the  evaporation  of  sulphate  liquors, 
and  more  especially  by  the  waste  liquor  from  the 
stills,  which  contains  much  lime,  together  with 
j  tarry  matters. 

There  are  two  systems  of  absorhinrj  the  am- 
moniacal  vcqwiirs  in  siilphrmc  acid.  When 
somewhat  concentrated  acid  is  used  (say  of  sp.gr. 
1'7)  the  ammonium  sulphate  separates  out  in 
the  solid  state,  and  can  be  fished  out  from  time 
to  tnne.  The  acid  is  run  in  continuously 
in  a  thin  jet  ;  all  the  excess  of  water  is  driven 
oft'  by  the  heat  generated  by  the  reaction,  so 
that  no  art  ticial  evaporat'on  is  necessary.  But 
as  the  liquor  in  this  case  has  no  possibility  of 
settling  out  any  impurities,  the  salt  sometimes 
does  not  come  out  very  pure.  It  is  therefore 
frequently  preferred  to  employ  dilute  sulphuric 
acid  down  to  sp.gr.  1'4  ;  the  solution  formed  is 
clarified  by  standing,  and  is  then  evaporated  to 
crystallisation,  mostly  in  lead  pans,  by  means  of 
a  steam  coil.  The  mother  liquor  is  employed 
for  diluting  a  fresh  quantity  of  sulphuric  acid. 

In  England  it  was  formerly  most  usual  to 
employ  sulphuric  acid  made  from  brimstone 
for  this  purpose,  because  the  acid  made  from 
pyrites  contains  ii'on  and  arsenic,  which  discolour 
the  ammonium  sulphate.  But  as  this  is  not 
I  material  when  it  is  to  be  employed  as  a  manure, 
nearly  all  continental  manufacturers,  and  latterly 
also  many  English  makers,  employ  pyrites  acid, 
only  avoiding  ihat  made  from  Spanish  pyrites, 
in  which  the  amount  of  arsenic  is  excessive. 

It  is  quite  possible  to  get  w.iite  ammonium 
sulphate   from  pyrites-acid  by  means  of  the 
following  plan.    To  the  acid  employed  at  sp.gr. 
j  1'71  a  certain  quantity  of  'vitriol-tar'  is  added — • 
I  that  is,  the  sulphuric  acid  which  has  served  for 
[  purifying  crude  benzol,  and  which  is  charged  wil  h 
a  large  quantity  of  pyridine  bases  and  of  tarry 
impurities.    On  the  acid  being  saturated  by  the 
ammonia  coming  over,  the  tarry  matters  and 
j  the  bases  are  separated  and  rise  to  the  surface, 
'  carrying  along   and  enveloping  the  arsenious 
sulphide  formed  at  the  same  time  from  the 
pyrites  acid.    The  scum  is  carefully  i-emoved, 
and  the  sulphate  fished  out  after  this  is  per- 
fectly white.    Tlie  tarry  scum  can  be  employed 
for  recovering  the  pyridine  series  of  bases,  which 
have  now  been  turned  to  several  useful  pur- 
poses. 

A  serious  impurity  sometimes  found  in 
commercial  ammonium  sulphate  (even  up  to 
91  p  c.)  is  ammonium  thiocyanate,  which  is  very 
injurious  to  vegetation.  This  is  unlikely  to  be 
found  in  the  salt  obtained  by  the  processes  just 
described,  but  it  may  occur  in  the  salt  obtained 
by  direct  saturation  of  gas-liquor  with  acid,  or 
in  that  made  from  the  washings  of  the  spent 
oxide  of  gas-purifiers.  Such  solutions  ought  not 
to  be  evaporated  directly,  but  distilled  with 
lime  ;  the  calcium  thiocyanate  formed  can  be 
extracted  froar  the  residue  and  utilised  for  com- 
j  mercial  purposes. 
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Conimerciiil  siilpliatc  of  aninioiiia  is  sold  ac- 
cording to  its  peiceiitag"  of  auiinoiiia.  Chemi- 
cally pure  salt  would  contain  25-75  p.c.  ;  the 
commercial  salt  sometimes  contains  rather  more 
than  25  p.c,  and  it  ought  not  to  tall  below  i'-i 
\).c.  This,  of  course,  ought  not  to  include 
ammonium  thiocyanate,  which  can  be  easily 
detected  by  the  red  colouration  imparted  to  its 
solution  by  a  per-salt  of  iron.  Ammonium  sul- 
phate is  found  in  trade  sometimes  of  nearly 
white  colour,  sometimes  grey  or  even  brown 
(from  tarry  matteis),  or  gi cenish-yellow  (from 
arsenic).  Tlie  latter  colour  is  objected  to  by 
most  buyers.  It  is  not  usual  to  purify  ammonium 
sulphate  by  recrystallisation,  which  of  course 
could  bo  very  easily  done  if  it  were  required. 

Ammonium  chloride  (iimriate  of  ammonia, 
sal-aiinnoii iac)  is  obtained  by  saturating  the 
gases  evolved  from  an  ammonia  still  with 
Jiydrochloric  acid  ;  but  it  is  not  quite  so  easy  to 
do  this  in  the  same  way  as  previously  described 
with  sulphuric  acid,  since  lead  vessels  do  not 
resist  the  action  of  hot  hydrochloric  acid,  and 
stone  or  stoneware  vessels  are,  for  various  rea- 
sons, awkward  to  employ.  This  is  avoided  by 
allowing  the  annnoniacal  li<]uid  to  condense  by 
itself,  and  then  to  meet  a  thin  stream  of  hydro- 
chloric acid,  just  sufficient  to  saturate  the  am- 
monia, the  permanent  gases  being  carried  away 
as  usual.  The  solution  is  boiled  down  to  the 
crystallising  point,  either  in  leaden  or  iion  ves- 
sels ;  in  the  latter  case  the  liquor  must  always 
contain  a  slight  excess  of  ammonia,  since  it 
would  otherwise  act  upon  the  iron.  Sometimes 
ammonium  chloride  is  obtained  by  double  de- 
c  )mposition  of  ammonium  sulphate  and  sodium 
chloride  ;  when  mixing  a  concentrated  solution 
of  the  fovmer  salt  with  an  equivalent  quantity  of 
connuon  salt,  and  boiling  down,  monohydrated 
sodium  sulphate  separates  out,  and  ammonium 
chloride  remains  in  solution. 

The  crude  ammonium  chloride  is  coloured 
liy  tarry  matters,  and  always  contains  other 
impurities.  In  order  to  purify  it,  it  is  dried  on 
m  lal  plates  heated  by  the  waste  heat  of  the 
subliming  pans  till  the  moisture  and  free  acid 
are  volatilised  and  the  tarry  matters  are  mostly 
carbonised.  Tlie  roasted  salt  is  quickly  conveyed 
into  tlie  siibliiiiing  2'ans,  cast-iron  pots  of  from 

3  to  9  feet  diameter,  lined  with  fire-brick,  and 
covered  with  thick  concave  metal  plates.  The 
c  jvers  are  perforated  in  the  centre  so  that  tlie 
permanent  gases  may  escape.  These  pans  are 
heated  till  sublimation  sets  in,  when  the  fire  is 
slackened  and  carefully  regulated  — the  tempera- 
ture being  kept  neither  too  low  nor  too  high  — 
s  nee  in  either  case  the  sublimate  is  not  of  the 
]'roper  colour,  translucency,  or  fibrous  texture. 
The  operation  lasts  from  5  to  9  days  ;  the  cover 
is  then  raised,  and  a  layer  of  sublimed  sal-am- 
moniac is  found  on  its  lower  side,  from  25-  to 

4  inches  thick.  That  part  of  it  which  is  im- 
mediately adhering  to  the  iron  is  always  brown, 
and  is  removed  previously  to  sending  out  the 
Kalt.'  The  sal-<iminoniiic  of  commerce  is  sub- 
limed amm  miuin  chloride,  whilst  muriate  of 
ammonia  is  the  commercial  term  for  ammonium 

'  111  France  sal-ammoniac  is  macle  in  earttionware  or 
pla^s  vessc's,  Jiiiil  i-^  tliercf'irc  purer  thaii  tin-  Mii'jli-li 
article  m.i'tc  in  iron  imts,  I  nt  it  i-*  more  en  tly,  tlio  sub- 
liming vessels  beintj  Ueciro^  cd  at  each  uiieratiuu. 


'  chloride,  more  or  less  purified  by  crystallisation 
in  tlie  wet  way. 

Sometimes  it  is  recommended  to  mix  the 
crude  ammonium  chloride,  previously  to  sub- 
liming it,  with  animal  charcoal  or  with  j^hos- 
phates,  in  order  to  purify  it  from  tarry  sub- 
stances and  from  iron,  but  this  does  not  appear 
to  be  done  in  practical  work.  If  a  product 
entirely  free  from  iron  is  desired,  the  ferrous 
chloride  contained  in  the  crude  salt  should  be 
converted  into  percliloride  by  passing  chlorine 
through  the  boiling  solution  of  the  salt  and  pre- 
cipitating the  iron  by  ammonia.  An  excess  of 
chlorine  would  produce  nitrogen  chloride,  which 
must  be  carefully  avoided  on  account  of  its 

j  explosiveness. 

j  Crystallised  ammonium  chloride,  commonly 
called  muriate  nf  ammonia,  is  much  cheaper 
than  the  sublimed  salt,  and  equally  efficient  for 
most  purposes.  It  is  made  by  dissolving  the 
crude  salt  and  filtering  the  solution  through 
animal  charcoal  before  allowing  it  to  crys- 
tallise. 

I  Commercial  ammonium  carbonate  {sal  vola- 
tile) is  really  a  mixture  or  compound  of  am- 
monium bicarbonate  and  carbamate.  It  is  usually 
made  by  mixing  1  part  of  ammonium  sulphate 
with  11  or  2  parts  of  calcium  carbonate  (grounil 
chalk)  and  heating  in  horizontal  cast-iron  cy- 
linders, first  slowly,  afterwards  to  redness.  The 
vapours  are  conveyed  into  lead  chambers,  where 
they  are  condensed  by  air-cooling  or  by  means 
of  a  water  jacket.  When  a  sufficiently  thick 
crust  has  been  formed  by  repeating  the  operation 
several  times,  it  is  loosened  by  blows  from  the 
outside  and  is  removed  by  means  of  a  door.  A 
jjipe  at  the  bottom  serves  for  running  off  a  little 
solution  of  ammonium  carbonate  formed  by  the 
excess  of  moisture,  and  for  the  escape  of  steam. 
The  product  of  this  operation  is  still  very  im- 
pure, and  is  especially  contaminated  by  tarry 
matters  ;  it  is  therefore  converted  into  a  white 
salt  by  resubliming  in  iron  pots  surmounted  by 

I  a  leaden  cap,  in  which  the  sublimed  salts  form 
white  fibrous  crusts. 

The  usual  process  for  making  ammonium 
carbonate  does  not  ajipear  quite  rational,  since 
according  to  the  conditions  of  the  process  there 
is  only  enough  CO^  (3  molecules  CO.^  to  4  mole- 
cules NH.J  to  form  a  neutial  salt,  whilst  com- 
mercial ammonium  carbonate  corresponds  to 
Iv  times  as  much  COj.  Hanekop  (Ar.  Ph. 
1886,  24,  21)  has  found  some  English  commer- 
cial carbonate  of  ammonia  to  consist  entirely  of 
bicarbonate.  This  is,  how-ever,  evidently  an 
exception  to  the  rule.  Hence  a  large  (piantity 
of  ammonia  must  go  away  in  the  uncombincd 
state  unless  carbon  dioxide  in  excess  is  passed 
into  the  condensing  chambers.  At  Kunheim's 
works  (near  Berlin)  the  gaseous  mixture  from 
the  distillation  of  gas-liquor  is  directly  brought 
together  with  CO.  in  lead  chambers,  and  thus 
the  commercial  salt  is  produced.  Seidler  (G.  P. 
26,6381  distils  gas-liquor  directly  with  calcium 
carbonate.  Teed  (S.  C.  I.  1885,  709)  has  shown 
that  a  solution  of  ammonium  chloride  is  com- 
pletely decomposed  by  slowly  trickling  down  a 
tower  filled  with  pieces  of  calcium  carbonaie, 
steam  being  blown  in  at  the  same  time  ,  at  the 
top  of  the  tower  solid  ammonium  caibonalc  was 
deposited. 
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Cauotic  a"nmonia  (liquor  avnnonuv)  is  made 
in  t'-ie  purest  form  by  redistilling  ammonium 
sulphate  with  lime.  It  is,  however,  much 
cheaper  to  make  it  directly  from  the  gas-liquor 
stills,  but  in  this  case  a  large  quantity  of  lime 
must  be  employed,  and  this  must  be  added  from 
the  beginning  in  order  to  retain  carbon  dioxide 
and  hydrogen  sulphide.  This  is  not  quite  easy, 
as  calcium  sulphide  partially  decomposes  during 
the  distillation ;  but  this  can  be  avoided  or 
remedied  by  the  use  of  ferric  hydroxide,  either 
in  the  ammonia  stills  or  subsequently  in  special 
purifiers  (compare  above). 

Kunheim  ((i.  P.  25,422)  treats  the  gas-liquor 
in  the  cold  by  a  current  of  air,  divided  in 
many  fine  jets.  This  splits  up  the  ammonium 
sulphide  into  free  ammonia  and  hydrogen  sul- 
phide. The  gases  are  passed  throagh  ferric 
hydroxide  suspended  in  a  solution  of  alkaline 
earths,  whore. hydrogen  sulphide  is  absorbed, 
whilst  ammonia  passes  on.  The  FeS  lirst  pro- 
duced is  at  once  decomposed  by  the  air  into 
I'eJOH),  and  free  S. 

When  making  caustic  ammonia  directly  from 
gas-liquor,  the  apparatus  of  Griineberg,  of 
I'eldmann,  of  Coifcy,  &a.,  cannot  very  well  be 
employed,  since  the  quantity  of  lime  required  to 
retain  the  carbon  dioxide  and  hydrogen  sulphide 
is  too  considerable.  Hence,  for  this  purpose, 
ordinary  double  stills  are  employed,  the  first  of 
which  is  provided  with  strong  agitating  gear, 
and  is  charged  with  a  great  excess  of  lime  ;  it 
receives  the  liquor  previously  treated  in  the 
second  still.  l\ie  latter  is  mounted  on  a  higher 
level,  and  receives  fresh  gas-liquor  previously 
heated  up  by  some  waste  heat.  The  vapours 
issuing  from  the  first  still  are  passed  through 
the  contents  of  the  second,  which  they  raise 
nearly  to  the  boiling-point,  the  liquid  retaining 
a  great  deal  of  the  steam.  The  vapours  which 
escape  absorption  ought,  before  being  condensed, 
to  be  further  purified  by  passing  through  milk 
of  lime  and  by  a  previous  cooling,  so  that  most 
of  the  steam  is  deposited  as  liquid  water.  It  is 
only  when  nearly  dry  tiiat  they  are  fit  for  tr.'at- 
ing  with  wood-charcoal,  which  is  done  bypassing 
them  through  a  series  of  vessels  charged  there- 
with ;  this  charcoal  must,  of  course,  be  from 
time  to  time  re-ignited.  Tiie  purified  gas  is 
lastly  condensed  by  means  of  water,  internal  and 
external  cooling  being  employed  at  the  same  time. 

Caustic  ammonia  made  from  gas-liquor 
directly,  and,  to  a  certain  extent,  even  that 
made  from  ammonium  sulphate,  obstinately 
retains  some  tarry  (empyreumatic)  substances 
and  compound  o;gauic  volatile  bases.  The 
cmpyreuma  can  be  removed  by  further  treat- 
ment with  ignited  charcoal,  or  by  distilling 
over  potassium  permanganate.  The  presence 
of  such  iuipuritie3  is  generally  indicated  by  the 
smell  of  tlie  liquor,  and  more  distlnstly  by 
pouring  a  few  drops  of  it  into  a  test-tube  con- 
t.iining  colourless  nitric  acid  diluted  with  a 
quarter  of  its  volume  of  water,  when  a  pink 
colour  will  appear ;  but  the  ammonia  ought 
not  to  be  added  in  such  quantity  as  to  saturale 
the  free  acids  (Lehmann,  W.  J.  1864,  195 ; 
Kupffersshliiger,  Bl.  23,  25G  ;  Wittstein,  D.  T.  J. 
213,  612).  Caustic  ammonia  made  from  the 
liquor  produced  by  fermenting  urine  is  com- 
pletely free  from  all  those  tarry  impurities. 


Ammonium  phosphate.  Monammonium  phos- 
phate (NH,)H.,iPO  ),  and  diammonium  puus- 
phate  (NH|)_H(POj)  have  become  commercial 
products  by  the  process  of  Lagrange,  which 
starts  from  commercial  superphosphate.  This 
is  lixiviated  by  water  and  steam,  and  a  solution 
of  sp.gr.  42°Tw.  is  obtained,  together  with  a 
worthless  residue  of  calcium  sulphate.  Some  of 
the  latter  remains  in  the  solution,  and  is  re- 
moved by  carefully  adding  barium  carbonate. 
The  filtrate  is  neutralised  by  ammonia  in  slight 
excess,  whereby  all  the  lime  is  precipitated  as 
basic  phosphate,  which  is  washed  and  used  over 
again  for  the  manufacture  of  superpho.sphate. 
The  filtered  solution,  marking  32 'Tw.,  contains 
monammonium  phosphate,  and  can  be  worked 
for  this,  or  for  b. ammonium  phosphate.  Tiie 
latter  is  obtained  by  gradually  mixing  the  above 
solution  with  liquor  ammonia  of  sp.gr.  0"92,  in 
the  p'oportion  of  1,'  e(iuivalents  of  NH,  to  1  of 
(NH|)H^(POj).  The  diammonium  phosphate  at 
once'seijarates  out  as  a  crystalline  mass,  which, 
after  cooling,  is  submlttel  to  hydraulic  pressure. 
The  operation  is  carried  out  in  a  closed  vessel, 
to  prevent  the  escape  of  ammonia.  The  mother 
liquor  is  employed  for  the  manufacture  of 
ammonia.  The  diammonium  phosphate  is  prin- 
cipally used  in  Lagrange's  sugar-refining  process. 

Technical  Application  of  Ajixionia  and 
A.vunNiACAL  Salts. 

Caustic  ammonia  is  employed  in  pharmacy 
dyeing,  calico-printing,  for  the  preparation  of 
colouring-matters  and  of  many  chemicals ; 
especially  also  for  Carre's  and  Linde's  ice- 
making  machines.  The  largest  quantities  of 
ammonia  are  used  in  the  manufacture  of  soda 
by  the  ammonia  process ;  but  in  this  case  the 
manufacturers  start  either  from  ammonium 
sulphate  or  from  the  strong  crude  liquid  ob- 
tained in  distilling  gas-liquor  (compare  above). 

Ammonium  suiphate  is  mostly  employed  as 
a  manure  as  a  substitute  for  sodium  nitrate. 
Although  the  nitrogen  of  the  nitrate  is  generally 
cheaper  than  that  of  ammonium  sulphate,  the 
latter  salt  cannot  be  replaced  by  it  in  all  cases, 
and  is  hence  extensively  employed,  especially 
for  the  cultivation  of  sugar-beet.  Large  quan- 
tities are  also  used  for  the  manufacture  of  alum, 
for  the  ammonia-soda  process,  and  for  preparing 
caustic  ammonia  and  the  other  ammonium  salts. 

Ammonium  chloride  (sal-ammoniac)  is  used 
in  pharmacy,  in  soldering,  in  galvanising  iron, 
in  dyeing  and  calico-printing,  and  for  a  variety 
of  less  important  purposes.  Its  uses  are  very 
much  more  restricted  than  those  of  the  sulphate. 

Ammonium  carbDnate  is  used  for  scouring 
wool,  in  dyeing,  as  a  baking  powder,  &c. 

Statistics.—  Great  Britain  produces  most  of 
the  ammoniacal  compounds  found  in  trade. 
Mr.  Fletcher's  twenty-third  Report  on  the  Alkali 
etc.  Acts  ^20)  states  the  amount  of  sulphate, 
together  with  a  small  quantity  of  muriate  of 
ammonia,  produced  in  188G  m  the  United  King- 
dom as  under  : — 

Gas-works     .       .  . 
Iron-works  . 
Shale-works  . 

Coke  and  carbonising  works 


Total 


82,480 
3,1)50 
18,080 
2,100 

130,010 
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Besides  about  1,000  tons  of  sal-ammoniac,  on!y 
about  22,000  tons  of  that  quantity  is  letained  for 
home  use,  the  remainder  being  exported,  the 
largest  customer  being  Germany.  That  country 
herself  produces  about  10,000  tons,  France 
12,500  tons,  Holland  and  Belgium  3,000  tons, 
ihe  United  States  of  America  11,000  tons  of 
sulpliate  of  ammonia.  All  these  countries  im- 
port, almost  entirely  for  agricultural  purposes, 
much  more  from  England  than  they  produce 
themselves.  (i.  L. 

AMMONIACUM,  AFRICAN,  r.  Gum  resins. 

AMMONIACUM,  GUM,  v.  Gust  rksins. 

AMMONIACUM,  PERSIAN,  v.  Guii  resins. 

AMMONIUM    MELEQUETA    v.  Cocculu3 

INI>ICUS. 

AMR  AP-GUM.  The  gum  forms  white,  yellow, 
and  brown  lumps  of  a  sweetish  taste  and  resin- 
ous smell.  An  aqueous  solution  (1  ;  2)  is  viscid 
and  strongly  adhesive.  It  also  gives  with  oil 
excellent  emulsions,  which  keep  very  well.  The 
dry  substance  contains  5'61  p.c.  of  ash,  consist- 
ing of  carbonic  acid,  Ume,  iron,  magnesia,  traces 
of  phosphoric  acid  and  silica.  Has  been  recom- 
mended as  a  substitute  for  gum  arabic.  It  was 
brought  into  the  market  some  years  ago,  and 
comes  from  the  Abyssinian  highlands ;  is  pro- 
bably obtained  from  Acacia  Abnica  (Schwein- 
furth).  (H.  Linger  and  Kempf.  Pharm.  Zeit.  88, 
218  ;  S.  C.  F.  vii.  440.) 

AMYGDALIN  v.  Glucosides. 

AMYL  ALCOHOL  C,H,,0.  The  ordinary 
amyl  alcoliol  (fusel  oil,  fermentation  amyl 
alcohol,  or  isoamyl  alcohol)  is  one  of  the  eight 
alcohols  of  the  formula  C,H|.p  theoretically 
possible,  and  is  the  chief  constituent  of  the  fusel 
oil  or '  last  runnings  '  obtained  in  the  reetiticatiou 
of  alcohol,  particularly  of  the  aleoliol  made  by 
the  fermentation  of  potatoes.  Amyl  alcohol  is 
apparently  an  invariable  constituent  of  the  pro- 
duct obtained  when  ordinary  alcoliol  is  formed 
by  fermentation  ;  but  the  precise  conditions 
attending  its  formation  are  not  known.  The 
alcohol  is  got  from  tlie  '  last  runnings  '  by 
shaking  the  crude  product  with  hot  milk  of  lime, 
decanting,  drying  over  calcium  chloride,  and 
rectifying  at  a  temperature  of  182  ^ 

P)  opcrtics. — Amyl  alcohol  is  a  colourless 
liquid  with  a  peculiar  cough-exciting  odour  and 
a  burning  taste ;  it  burns  with  a  white  smoky 
flame.  Its  b.p.  =  13I-0'^(cor.)  and  sp.gr.  =  0-8248 
at  0^  -  0-8118  at  18-7°  (Kojip,  A.  94,289) ;  b.p.  = 
128-9'^-129-2^  at  740-9  mm.,  and  sp.gr.  =  0-8104  at 

^  (Briihl,  A.  203,  28);  b.p.  =  180-.5"-13I°  at 
75;)-2  mm.  (Schitt',  A.  220,  102).  It  is  soluble  in 
ethylic  alcohol  and  ether,  but  is  soluble  in  water 
only  to  the  extent  of  1  in  39  at  l()-5°  (Wittstcin, 
J.  i862,  408),  and  1  in  50  at  13'-14^  and  the 
solution  becomes  milky  at  50^  (Balbiano,  B.  9, 
1437).  Amyl  alcoliol  dissolves  in  all  proportions 
in  acetic  acid  diluted  with  an  equal  bulk  of 
water  (Berthelot  and  St.  Gilles,  J.  1802,  40S). 
When  oxidised  with  platinum  black  ordinary 
valeric  (isovaleric)  acid  is  formed,  whilst  distilla- 
tion with  either  manganese  dioxide  or  potassium 
dichroniate  and  sulphuric  acid  converts  it  intj 
isovaleraldehyde  and  isovaleric  acid.  Sulrhuric 
acid  dissolves  it  in  the  cold  forming  fmyl  sul- 
phuric acid,  which,  on  heating,  decouT  ose ,  into 
aiiiylcno  and  its  polymcrides  diamyleie  and 


tetramylene  ;  these  liydrocarbons,  together  with 
liexylene  and  the  corresponding  paraffins,  are 
also  obtained  wlien  amyl  alcohol  is  distilled  with 
zinc  chloride  (Bauer,  Z.  C.  P.  1801,  043  ;  Wurtz, 
A.  128,  310)  :  it  is  probable,  however,  that  the 
latter  owe  their  formation  to  impurities  in  the 
alcohol.  The  actidu  of  chlorine  has  been  studied 
by  Barth  (A.  119,  21G),  and  that  of  bleach- 
ing powder  by  Goldberg  (J.  pr.  [2]  24,  110).  The 
bromide  (Caliours,  A.  30,  298;  Balbiano,  J. 
1870,  348),  chloride  (Cahours,  A.  37,  104; 
Balard,  A.  52,  812  ;  Balbiano,  I.e.),  and  iodide 
(Uahours,  A.  30,  297)  have  been  prepared  by  the 
action  of  the  corresponding  phosphorus  com- 
l)ounds.  Commercial  amyl  alcohol  is  generally 
1,-evorotatory  ;  the  degree  of  rotation,  however, 
is  not  constant,  but  varies  in  different  specimens, 
and  the  variation  has  been  shown  by  Pasteur 
(A.  95,  255)  to  be  due  to  the  fact  that  ordinary 
amyl  alcohol  is  a  mixture,  in  varying  proportions, 
of  two  isomerides,  one  of  which  is  optically  in- 
active, and  the  other  LTVorotatory.  Wlicn  ordi- 
nary amyl  alcohol  is  treated  with  sulphuric  acid 
and  the  resulting  amyl-sulphuric  acids  con- 
verted into  barium  salts  by  neutralisation  with 
barium  carbonate,  a  separation  of  the  two 
isomeric  alcohols  can  be  effected,  inasmuch 
as  the  barium  salt  of  the  optically  active 
alcohol  is  2.l  times  more  soluble  in  water  than 
the  corresponding  salt  of  the  optically  inactive 
nioditication.  This  question  has  been  further 
examined  by  Ley  (B.  0,  1302),  Le  Bel  (B. 
9,  358),  Bakhoven  (J.  pr.  [2J  8,  272),  Chapman 
(Z.  1870,  400),  and  Pedler  (C.  S.  21,  74),  with 
results  which  do  not  entirely  agree ;  whilst 
Wyschnegradsky  (A.  190,  306)  is  of  opinion  that 
a  third  isomeride,  normal  amyl  alcohol,  is  also 
present. 

In  addition  to  the  optically  active  and  in- 
active modifications  obtained  from  ordinary 
amyl  alcohol,  the  following  isomeric  alcohols 
have   been  prepared  ■.  —Normal  amyl  alcohol 

j  (Lieben  and  Rossi,  A.  159,  70  ;  Schorlemmer,  A. 

j  101,  268)  ;  lucthijlpropyl  carbinol  (Schorlenn)ier, 

I  I.e.  ;  Saytzew  and  Wagner,  A.  175,  351  ;  179, 
313;  Markownikow,  .J.  1883,  801);  mcthi/li  o- 
propyl  carbinol  (Wyschnegradsky,  I.e. ;  Miinch, 
A.  180,  389;  Winagradow,  A.  191,  125)  ;  diethyl 
carbinol  (Saytzew  and  Wagner,  I.e.)  ;  dimethyl- 
ethyl  carbinol  (Wurtz,  A.  125,  114  ;  127,  236  ; 
129,  365 ;  Berthelot,  A.  127,  69  ;  Flavitzky,  A.  179, 

j  348  ;  Wyschnegradsky,  I.e.  ;  Osipolf,  B.  8,  1240). 

I  a-AMYLAN  jiC  H,„0,  (O'SuUivan,  C.  J.  41, 
24).  A  carbohydrate  found  in  the  cereals  wheat, 
rye,  barley,  and  oats,  but  most  plentifully  in  the 
two  latter.  It  is  a  gum-like  body,  only  slightly 
soluble  in  water,  a  2  p.c.  solution  forming  a 
jelly-like  fluid ;  a  1  p.c.  solution  flows  freely, 
however,  and  is  transparent.  It  is  insoluble  in 
alcohol.  The  solution  in  water  is  optically 
active,  the  apparent  sp.  rotation  being  [ajj  = 
-  24^  ±2'^.  Digestion  with  suljihuric  acid  con- 
verts it  directly  into  dextrose.  It  is  probably 
owing  to  the  presence  of  this  body  that  unnialted 
barley  cannot  be  satisfactorily  employed  in  the 
preparation  of  beer.  IMalted  grain  does  not  contain 
it.  Distillers  using  raw  grain  (oats  and  barley) 
have  at  times  much  difficulty  in  separating  the 
vort  (solution  of  sugars,  &a.)  from  the  (/rains 
(undissolved  portion  of  the  grain  employed)  in 

^  consequence  of  the  presence  of  this  body  iu 
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quantity,  tlie  barleys  anci  oats  of  some  seasons 
containing  much  moie  of  it  than  at  other  times. 

/8-AMYLAN  7iC^H,„0,  (I.e.).  A  carbohydrate 
from  the  same  source  as  the  a-  compound.  It 
exists  in  larger  quantity  in  wheat  and  rye  than 
in  barley  and  oats,  and  a  substance  agreeing  very 
closely  with  it  in  general  properties  is  found  in 
malted  barley.    It  is  more  soluble  in  water  than 

0-  amylan,  insoluble  in  alcohol,  but,  when  pure, 
forms  with  that  liquid  a  milk  without  being 
precipitated.  A  drop  of  acid  coagulates  the 
milk,  throwing  the  amylan  out  of  solution.  Di- 
gestion with  sulphuric  acid  converts  it  directly 
and  quantitatively  into  dextrose.  Its  optical 
activity  is  [a],  =  —  72°  ;  but  digestion  with  lime- 
water  raises  the  activity  to  [a]-,  =  —144°. 

If  this  and  the  a-compound  could  be  eco- 
nomically prepared  from  distillers'  wash,  a  use 
would  probably  be  found  for  them  in  dressing 
crape,  lace,  &c.  C.  O'S. 

AMYLENE  C  H,,,.  Five  isomeric  amylenes 
are  theoretically  possible,  and  all  have  been  pre- 
pared. These  hydrocarbons  have  been  chiefly 
studied  by  Flavitzky  (A.  179,  340),  and  by 
Wyschnegradsky  (A.  190,  33G),  and  can  be 
obtained  by  the  action  of  alcoholic  potash  on 
the  various  amyl  iodides,  or  by  the  action  of 
dehydrating  agents  such  as  sulphuric  acid  or 
zinc  chloride  on  amyl  a'cohol. 

The  amylene  ordinarily  met  with  is  tri- 
methylethylene,  and  is  chiefly  obtained  by  the 
dehydrating  action  of  zinc  chloride  on  fermen- 
tation amyl  alcohol. 

Preparation.  -  To  prepare  amylene,  fermenta- 
tion amyl  alcohol  (1  part)  is  shaken  with  coarsely- 
powdered  zinc  chloride  (I3  parts),  allowed  to 
remain  for  twenty-four  hours,  and  then  distilled. 
The  product  consists  of  a  complex  mixture  of 
parallins  from  C  H,,  to  C,,|H.,.,  with  olelins  from 
C^H|„  to  C,„H,„  (Wurtz,  J.  1863,  507).  These  can 
be  isolated  by  fractional  distillation  (Wurtz),  but 
according  to  Eltekow  (.1.  E.  14,  379)  amylene  is 
most  readily  obtained  if  the  pro.luct  is  well 
cooled,  and  shaken  with  dilute  sulphuric  acid 
(2  vols,  of  acid  to  1  vol.  of  water),  the  acid  layer 
separated,  diluted  with  water,  and  distilled ;  the 
distillate  consists  of  amylene  (trimethylethylene) 
and  tertiary  amyl  alcohol,  and  the  latter,  on  dis- 
tillation with  sulphuric  acid  (1  ;  1)  yields  pure 
trimethylethylene. 

Other  methods  for  obtaining  ordinary  amyl- 
ene have  been  described  by  Balard  (A.  Ch.  [3] 

12,  320),  Bauer  (J.  1801,  059),  and  Linnemann 
(A.  143,  350). 

Properiics.  -  Amylene  is  a  colourless  liquid 
b.p.  30°-3S°  and  sp.gr.  0-0783  at  0°  (Le  Bel, 
LI.  25,  547);  b.p.  30-8°  at  752-7  mm.  (Schiff, 
A.  223,  65).  It  combines  directly  with  a  large 
number  of  substances  :  with  nitric  peroxide 
(Guthrie,  C.  S.  13,  129  ;  Wallach,  A.  241,  291 ; 
248,  161;  IMiller,  Proc.  C.  S.  3,  108),  sulphur 
chloride  and  chlorine  (Guthrie,  0.  S.  12,  112; 

13,  45,  129;  14,  130),  with  brom_ine  (Wurtz, 
A.  Ch.  [3]  55,  458),  and,  when  cautiously 
mixed  with  well-cooled  sulphuric  acid,  sp.gr. 

1-  67  (2  vols.  H_.SO.,  to  1  vol.  water),  in  a  freezing 
mixture,  is  converted  into  dimethylethyl  car- 
binol,  which  can  be  obtained,  after  neutralisation 
with  sodium  hydroxide,  on  distillation  (Fla- 
vitzky, 175,  157)  ;  with  sulphuric  acid  sp.gr. 
1-545  (2  pts.  by  weight  H.SO.,  to  1  pt.  water) 


methylisopropyl  carbinol  is  obtained  (OsipolT, 
B.  8,  542,  1240). 

In  addition  tr>  ordinary  amylene,  the  followi  ig 
isomerides  have  been  obtained: — No)'mal  amiil- 
ene,  b.p.  39°-40''  (Wurtz,  A.  123,  205;  127, 
55  ;  148,  131 ;  Flavitzky  and  Wyschnegradsky, 
I.e.);  isopropijlcthylcne,  b.p.  =  21-l°-21-3°  (Fla- 
vitzky and  Wyschnegradsky,  I.e.)  ;  syiimietri- 
cal  victhylcthijlethyleac,  h.]).  =  '6^'^  at  740-8  mm. 
(Wagner  and' Saytzew,  A.  175,  373;  179,302); 
and  iinsymmetrieal  inctliyl  ethyl  ethylene,  b.p.  = 
31°-32°,  sp.gr.  =  0-67  at  0°  (Wyschnegradsky,  I.e. ; 
Le  Bel,  Bl.  25,  546). 

The  action  of  hydrogen  iodide  on  the  amyl- 
i  enes  has  been  investigated  by  Saytzew  (A.  170, 
1  120) ;  whilst  Zeidler  (A.  186,  245)  has  examined 
the  products  obtained  when  various  amylenes  are 
oxidised  with  potassium  permanganate  in  acid, 
neutral  and  alkaline  solution,  with  chromic  acid, 
and  with  potassium  dichromate  and  sulphuric 
acid. 

The  following  polymerides  of  amylene  have 
also  been  obtained,  and  can  be  prepared  by 
heating  ordinary  amyl  alcohol  or  amylene  with 
zinc  chloride  : — Diamylene  C,„H,|,  (Balard,  A. 
52,  310  ;  Schneider,  A.  157,  207  ;  Bauer,  J. 
1801,  000) ;  triamylene  G^-Ji^,,  (Bauer,  I.e.) ;  and 
ietravii/lciie  C.J1^„  (Bauer,  I.e.), 

AMYRIN  "ii.  Oleo-eesins. 

ANACAHUITA.  A  wood  of  unknown  botanical 
origin  imported  from  IMexico  ;  its  preparations 
are  said  to  be  useful  in  pulmonary  disorders. 
The  wood  contains  a  volatile  oil,  an  iron-greening 
taimin,  gallic  acid,  a  yellowisli  resin,  sugar,  a 
tasteless  volatile  body  crystallising  in  warty 
masses,  and  a  bitter  substance  crystallising  in 
white  needles  (J.  18()1,  771). 

ANACARBIUM  NUT.  Casheiv  nrit,  Kajoo. 
A  nut  which  is  edible  after  it  has  been  roasted 
to  expel  the  cavdol  it  contains ;  the  cardol  thus 
obtained  is  used  at  Goa  for  tarring  boats 
I  (Dymock,  Ph.  [3]  7,  730).  In  addition  to  cardol 
[  the  nuts  contain  anacarclic  acid,  and  an  oily 
matter  which,  by  exposure  to  the  air,  assumes 
a  fine  black  colour,  permanent  against  acids, 
alkalis,  chlorine,  and  hydrocyanic  acid.  It  has 
been  recommended  as  a  marking  ink,  and  is  used 
for  giving  a  black  colour  to  candles  (Bottger, 
D.  P.  J.  205,  490). 

ANALYSIS.  Analysis  is  the  separation  of  a 
complex  substance  into  its  constituents.  It  is 
proximate  when  a  mixture  is  separated  into  the 
compounds  of  which  it  is  composed,  ultimata 
when  those  compounds  are  separated  into  their 
constituent  elements.  It  is  qualitative  when 
the  nature  only  of  the  constituents  is  ascertained, 
qti.'intitative  when  their  amount  is  deteimined. 

For  the  purposes  of  research  the  most  ac- 
curate methods  are  naturally  selected  and  other 
considerations  are  of  secondary  importance,  but 
for  technical  purposes  extreme  accuracy  is  rarely 
required,  and  in  many  cases  a  method  which  will 
give  an  approximately  con-ect  result  in  a  short 
time  is  of  greater  value  than  a  more  accurate 
method  which  requires  a  long  time  for  its  execu» 
tion.  This  article  is  written  mainly  from  a 
technical  point  of  view,  and  an  endeavour  has 
been  made  to  select  the  simplest  and  most  rapid 
methods  capable  of  yielding  good  results.  For 
the  same  reason  details  of  the  separation  of  the 
rarer  elements  are  omitted  from  the  general 
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sclTenic  for  qualitative  analysis.  A  list  of  special 
tests  is,  liowever,  given,  and  fiom  those  the  re- 
quired method  of  separation  can  he  framed. 

General  operations. 

Accuracy  and  rapidity  in  analysis  are  largely 
dependent  upon  attention  to  those  general  pro- 
cesses and  methods  of  manipulation  which  are 
involved  in  almost  every  analytical  operation. 

Sariiphng. — It  is  of  the  highest  iui]5ortance 
tliat  the  sample  under  e.xaniination  should  bo 
truly  repi'esentative  of  the  bulk  of  the  substance. 
Discrepancies  between  the  results  of  diti'erent 
analysts  are  usually  attributed  to  inaccurate 
methods  or  inaccurate  work,  but  in  many  cases 
they  are  really  due  to  imperfect  sampling.  If 
the  substance  is  a  liquid,  the  contents  of  the 
vessel  should  be  thoroughly  mixed  before  the 
sample  is  withdrawn.  If  the  substance  is  con- 
tained in  several  vessels,  a  proportional  quantity 
should  be  taken  from  each,  tlie  different  portions 
mixed  together,  and  the  final  sample  taken  from 
the  mixture. 

In  the  case  of  solid  products  care  must  be 
taken  to  secure  a  proper  proportion  of  large  and 
small,  hard  and  soft  fragments.  If  a  ship's 
cargo  is  to  be  sampled,  portions  should  be 
taken  from  different  parts  of  the  bulk;  if  the 
substance  is  contained  in  railway  trucks,  por- 
tions should  be  taken  from  the  ends  and  mid- 
dle of  each  truck.  When  the  substance  is  in 
ba,gs  or  barre's  a  long  hollow  auger  is  thrust  ta 
the  bottom  of  each  and  then  withdrawn,  bringing 
with  it  a  long  core  of  the  substance.  If  the 
material  loses  or  gains  moisture,  or  undergoes 
any  other  change  on  exposure  to  air,  as  in  the 
case  of  soap  or  caustic  soda,  a  proper  proportion 
of  the  internal  and  external  portions  must 
be  taken.  In  all  cases  the  first  samples  are 
broken  into  small  ])ieees,  thoroughly  mixed,  and 
one-fourth  taken  for  further  treatment.  This  is 
ground  to  powder,  again  thoroughly  mixed,  and 
one-fourth  taken.  The  subdivision  is  repeated 
if  necessary,  and  the  final  sample  kept  in  well- 
closed  bottles. 

If  the  mixture  is  soft  and  friable,  pulverisa- 
tion is  readily  effected  in  a  porcelain  or  earthen- 
ware mortar,  but  harder  substances  should  be 
powdered  in  a  east  iron  or  steel  mortar.  When 
the  substance  is  hard,  and  a  very 
fine  powder  is  required,  an  agate 
mortar  should  be  used  for  the  final 
opei  alien,  and  the  powder  may  be 
sifted  through  fine  muslin.  Very 
Lard  substances,  such  as  minerals, 
are  first  broken  into  small  pieces  by 
wrapping  them  in  paper  and  strik- 
ing with  a  hammer,  and  are  then 
further  crushed  in  a  steel  mortar 
consisting  of  a  strong  base  with  a 
circular  recess  into  which  tits  a 
movable  steel  ring  or  guard,  and  in- 
side this  is  a  solid  steel  jjiston  which 
acts  as  a  pestle.  A  small  quantity 
of  the  mineral  is  placed  on  the  base 
of  the  mortar  inside  the  guard- ring, 
the  latter  is  held  firmly  down,  and 
the  piston  is  placed  inside  and  struck  smartly 
w.th  a  hammer,  which  drives  it  down  upon  the 
mineral.  The  final  crushing  is  done  in  an  agate 
mortar. 


D:  i/ing.—  Many  substances  absorb  more  or 
less  nioisture  when  exposed  to  the  air,  and  in  order 
to  bring  them  into  a  definite  condition  for  analy- 
sis, it  is  desirable  that  they  should  be  dried,  this 
operation  being  conducted  at  the  ordinary  or  at 
a  higher  ten  perature  accoi'ding  to  circumstances. 
Substances  which  contain  water  in  combination 
are  usually  dried  by  exposure  to  air  or  by  pres- 
sure between  folds  of  filter  paper.  In  other 
cases  where  a  higher  temperature  would  be  in- 
jurious the  substance  may  be  placed  under  a 
bsU-jar  which  also  incloses  a  dish  containing 
Bul)diuric  acid.  The  operation  proceeds  moie 
quickly  if  the  bell-jar  is  connected  with  an  air- 
pump  and  thus  rendered  vacuous. 

Substances  which  do  not  decompose  at  100° 
are  best  dried  in  a  copper  oven  provided  with  a 
j.-cket  containing  water  which  is  heated  to 
boiling,  the  water-level  being  kept  constant  by 
means  of  an  overflow  and  feeding  arrangement 
at  the  side.  The  inside  of  the  oven  is  fitted 
with  a  perforated  shelf  which  supports  dishes, 
funnels  itc. 
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When  the  substance  is  sufficiently  stable  it 
is  advisable  to  dry  at  115- 120°,  since  an  increase 
of  10°  or  20°  often  greatly  reduces  the  time  re- 
quired. For  this  purpose  we  use  a  copper  oven 
A»'ithout  a  jacket,  heated  by  a  lamp  underneath. 
Inside  the  oven  at  a  little  distance  from  the 
bottom  is  a  shelf  which  supports  the  vessel 
containing  the  substance.  At  the  top  of  the 
oven  are  two  apertures,  one  of  which  serves 
t )  promote  a  current  of  air  through  the  oven, 
whilst  the  other  carries  a  thermc  meter  the  bulb 
c  f  which  is  close  beside  the  vessel  which  is  being 
lieated. 

If  it  is  desired  to  keep  the  temperature  con- 
stant for  a  long  time,  the  oven  must  be  provided 
with  a  thermoregulator  (v.  THEiiJioKEGULAToiis). 

Wcigliiiifj.  The  balance  and  the  precautions 
to  be  observed  in  weighing  form  the  subject  of  a 
special  article  (r.  Balance).  As  a  rule  sub- 
stances taken  for  analysis  should  be  weighed 
from  tubes  provided  with  well-fitting  stoppers  or 
corks,  the  difference  between  the  weight  of  the 
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tube  before  and  after  the  removal  of  the  sub- 
stance giving  the  weight  taken  for  analj-sis. 
The  quantity  required  for  an  analysis  will  de- 
p3nd  upon  c'renmstances.  When  constituents 
present  in  minute  quantity  have  to  be  estimated, 
a  relatively  large  amount  of  the  substance  is 
required,  but  for  the  estimation  of  one  or  two 
constituents  from  1  to  2  grams  of  the  substance 
is  usually  sullicient.  The  smaller  the  quantity 
of  matter  operated  upon,  the  shorter  the  time 
required  for  filtration,  washing,  etc.,  but  also  the 
greater  the  demands  on  the  skill  and  accuracy  of 
the  operator. 

Hygroscopic  substances  and  precipitates 
must  be  kept  under  a  desiccator,  i.e.  a  glass  dish 
containing  sulphuric  acid  or  calcium  chloride, 
fitted  with  a  tray  to  support  a  crucible  etc.,  and 
provided  with  an  air-tight  glass  cover,  jDreferably 
bell-shaped.  Crucibles  containing  non-hygro- 
scopic precipitates  may  be  allowed  to  cool  with 
exposure  to  air,  provided  that  the  empty  crucible 
was  allowed  to  cool  under  the  same  conditions 
before  weighing. 

Solution. — The  solution  of  a  substance  is 
most  conveniently  effected  in  flasks  or  in  some- 
what deep  beakers  which  are  inclined  at  an 
angle  in  order  to  prevent  possible  loss  by  spurt- 
ing. The  operation  may  be  accelerated  Ijy  heat, 
and  the  reagent  should  be  used  in  the  most 
concentrated  form  possible  and  in  the  least  pos- 
sible excess,  in  order  to  avoid  loss  of  time  in 
evaporation  &c.  Evaporation  to  expel  excess 
of  solvent  should,  where  jsossible,  be  conducted 
in  the  same  vessel. 

Evaporation. —  The  evaporation  of  a  liquid 
may  be  effected  ever  an  ordinary  flame,  care 
being  taken  that  the  liquid  does  not  boil.  If 
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the  operation  is  conducted  in  a  flask  or  crucible, 
the  latter  should  be  inclined  in  order  to  prevent 
loss  by  ebullition,  and  the  operation  is  acce- 
lerated in  the  first  case  by  drawing  a  current  of 
air  through  the  llask,  in  the  second  by  inclining 


the  lid  of  the  crucible  across  the  mouth  of  the 
vessel  and  thus  producing  a  circulation.  The 
rate  of  evaporation,  ctctcris  imribus,  depends  on 
the  area  of  surface  exposed,  and  hence  the 
operation  is  effected  most  quickly  in  shallow 
dishes,  esjjeeially  if  a  current  of  air  lemovrstlie 
vapour  as  fast  as  it  is  given  oft'.  During  the 
process  the  contents  of  the  dish  should  be  pro- 
tected from  dust  d'c,  and  this  is  readily  done 
by  sujiporting  at  a  distance  of  about  sis  inches 
above  the  surface  of  the  dish  a  triangle  of  glass 
rod  or  tubing  on  which  is  stretched  a  sheet  of 
filter  paper  freed  from  soluble  compounds  by 
treatment  with  acid.  When  evaporation  over  a 
direct  flame  is  impracticable,  the  dishes  &c. 
should  be  placed  on  a  icater  hath,  that  is,  a 
vessel  containing  boiling  water,  in  such  a  way 
that  they  are  heated  by  the  stoam.  The  top  of 
the  water  drying- oven  already  described  (fig.  2) 
may  be  provided  with  a  series  of  rings  of  various 
sizes  and  thus  serves  two  purposes.  Ordinary 
tin  cans  or  copper  vessels  of  similar  shape  will 
answer,  but  in  all  cases  it  is  desirable  to  have 
an  arrangement  for  keeping  the  water  at  a  con- 
stant level. 

Precipitation  is  conducted  in  beakers,  dishes, 
or  conical  flasks,  but  not  in  ordinary  round 
flasks  because  of  the  difliculty  of  removing  the 
precipitate.  Glass  vessels,  especially  when 
new,  are  appreciably  attacked  and  dissolved  by 
water,  and  still  more  strongly  by  alkaline  solu- 
tions, the  action  increasing  with  the  concentra- 
tion of  the  solution  and  the  duration  of  contact. 
Acid  liquids,  with  the  exception  of  dilute  sul- 
phuric acid,  have  less  solvent  action.  Porcelain 
vessels,  especially  after  they  have  been  used  for 
a  short  time,  are  not  appreciably  attacked. 
(Fresenius's  Quant.  Anal. ;  Emmerling,  A.  150, 
2.37).  All  precipitations  involving  long  heat- 
ing with  alkaline  liquids  should  be  conducted  in 
porcelain  vessels  or  in  platinum,  silver,  or 
nickel  dishes. 

Unless  circumstances  forbid,  the  liquid  and 
the  reagent  should  be  heated  to  boiling  and 
mixed  gradually  with  continual  agitation,  since 
under  these  conditions  precipitation  as  a  rule  is 
more  rapid  and  complete,  and  the  precipitate  is 
obtained  in  a  dense  and  granular  form  and  is 
readily  separated  and  washed.  It  is  only  in 
rare  cases  that  prolonged  standing  after  pre- 
cipitation is  necessary.  Usually  filtration  may 
be  commenced  as  soon  as  the  suisernatant 
liquid  is  clear,  or  at  any  rate  after  two  or  three 
hours.  An  unnecessary  excess  of  reagent  should 
always  be  avoided,  but  in  all  cases  complete 
precipitation  should  be  proved  by  adding  a  small 
quantity  of  the  reagent  to  the  clear  liquid. 

Filtration. — The  separation  of  a  precipitate 
from  a  liquid  is  usually  effected  by  means  of  a 
specially  prepared  variety  of  blotting  paper, 
known  as  filter  paper.  The  Swedish  paper 
made  by  J.  Munktell  has  the  oldest  reputation, 
but  that  made  by  Schleicher  and  ScIiuU,  of 
Diiren,  is  of  excellent  quality,  and  for  many  pur- 
poses answers  better.  The  latter  firm  supply 
paper  which  has  been  treated  with  hydrochloric 
and  hydrofluoric  acids  and  thus  freed  from  al- 
most all  inorganic  matter.  It  is  desirable  that 
all  paper  used  in  quantitative  work  should  be 
free  from  soluble  compounds,  and,  this  end  is 
I  secured  by  soakmg  the  ordinary  filter  paper  for 
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t'lrea  or  four  liours  in  pure  liyilroehloric  acid 
diluted  witli  15-'20  times  its  vohniie  of  water, 
and  then  washing  tlioronglily  to  remove  all 
traces  of  acid  and  soluble  salts.  The  paper  is 
conveniently  kept  in  circular  pieces  of  known 
radii  (2,  4,  5,  6,  8,  cm.)  and  the  ash  left  by  each 
size  s'lould  be  determine  1  once  for  all  by  inciner- 
ating six  filters  of  one  of  the  medium  sizes  in 
the  manner  described  under  the  treatment  of 
])recipitates,  and  we'.nhing  the  ash  which  is  left. 
This  quantity  divided  by  six  gives  the  average 
amount  of  ash  left  by  one  filter  of  that  size,  and 
t'le  amount  left  by  the  other  sizes  is  readily  cal- 
cu!ated,  the  quantity  of  ash  being  23roj>ortional 
to  the  area  of  the  paper. 

Usually  the  filter  paper  is  supported  in  a 
glass  funnel  which  should  have  smooth  even 
sides  and  an  angle  of  GO^.  Tlie  stem  should  be 
somewhat  long  and  not  too  wide,  witli  the  lower 
cud  cut  obli(iuely.  A  circular  filter  is  folded  in 
half,  then  in  a  quadrant,  and  when  the  quad- 
rant is  opened  at  one  side  it  forms  a  hollow  cone 
which  should  fit  accurately  into  the  funnel. 
The  edge  of  the  filler  paper  should  be  about 
10  mm.  below  the  edge  of  the  funnel,  and 
the  size  of  the  filter  should  be  such  that  it 
is  not  more  tl.'an  three  quarters  filled  by  the 
jirecipitate.  After  placing  the  filter  in  position 
it  is  moistened  with  water,  and  fitted  accurately 
tj  the  glass,  care  being  taken  to  remove  all  air 
bubbles  from  between  the  glass  and  the  paper. 
Attention  to  these  points  greatly  facilitates  the 
subsequent  filtration.  The  edge  of  the  vessel 
containing  the  liquid  to  be  filtered  is  slightly 
greased  outside  and  the  litpiid  is  directed  into 
the  filter  by  means  of  a  glass  rod,  care  being 
taken  not  to  disturb  the  precipitate  until  most 
of  the  clear  liquid  has  passed  through.  It  is 
ailvisable  to  keep  the  filter  we'l  filled  with  the 
li(juid,  but  the  latter  must  iiot  rise  higher  than 
10  mm.  below  the  top  of  the  paper. 

In  order  to  accelerate  filtration  a  glass  tube 
about  3-4  mm.  in  diameter  and  not  less  than 
2  J  cm.  long,  bent  into  a  loop  near  its  upper  end, 
n\ay  be  attached  to  the  stem  of  the  funnel  by 
means  of  indiarubber  tube. 

Greater  rapidity  of  filtration  is  obtained  by 
using  one  of  the  numerous  -vater  pumps  {v. 
Filter  pdmp).  In  this  case  the  liquid  is  filtered 
into  a  flask  with  stout  walls,  preferably  of  the 
conical  form.  The  stem  of  the  funnel  passes 
liirough  a  cork  which  fits  in  the  neck  of  the 
llask  and  also  carries  a  tube  connected  W'ith  the 
pump,  or  the  Hask  may  be  provided  with  a  side 
tube  for  this  lalter  purpose.  When  it  is  required 
to  filter  into  a  dish  or  beaker,  the  latter  is  placed 
under  a  tubulated  bell  jar  standing  on  a  glass 
p  ate,  the  cork  carrying  the  funnel  &c.  being 
lifted  into  (he  tubulus  of  the  bell  Jar  If  the 
reduction  of  pressure  is  considerable,  it  becomes 
necessary  to  support  the  apex  of  the  filter.  In 
the  case  of  filters  of  medium  size  the  necessary 
toughness  is  obtained  by  dropping  into  the  apex 
of  the  dry  filter,  after  it  has  been  fitted  into  the 
funnel,  two  or  three  drops  of  the  strongest 
nitric  acid.  After  a  minute  or  two  the  paper  is 
washed  and  is  ready  for  use.  Buusen's  original 
method  is  to  support  the  apex  of  the  filter  by 
means  of  a  cone  of  platinum  foil,  which  is  made 
in  the  following  way.  A  circular  ])iece  of  thin 
platinum  foil  li-  4  cm.  in  diameter  is  cut  in  the 


manner  shown  in  the   d'a;-',ram,   softened  by 

Leafing  in  a  llame,  and  then  placed  against  a 
i  small  metal  cone  of  G0°  so  that  the  point  a 

coincides  with  the  apex  of  the  cone.  The  foil  is 
I  then  folded  round  the  metal  so  that  it  also  forms 

a  small  cone,  which  is  finished  by  being  pressed 
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in  a  hollow  ccnical  mould  into  which  the 
metal  cone  fits.  It  is  then  dropi)ed  into  the 
funnel  and  the  paper  fitted  in.  The  metal 
cones  and  moulds  required  can  be  purchased  ; 
liunsen's  method  of  making  a  cone  and  mould 
of  plaster  is  described  in  Thorpe's  Quantitative 
Analysis. 

Carmicliael  has  clescribed  a  method  of  re- 
verse filtration  (Z.  N.  F.  G,  481  ;  Fr.  10,  8;!). 
A  stjut  bulb  25  mm.  diameter  is  blown  at  the 
end  of  a  glass  tube  about  2  mm.  diamete)'.  and 
the  lower  part  of  the  bulb  is  llattened.  Whilst 
still  soft  the  fiat  part  is  pierced  with  a  large 
number  of  small  holes  by  means  of  a  white-hot 
I  steel  wire,  care  being  taken  that  all  the  holes 
are  at  least  3  mm.  from  the  edge  of  the  disc. 
I'latinum  '  roses  '  of  similar  size,  fused  to  short 
liieces  of  platinum  tube  about  2  mm.  in  diameter, 
can  be  purchased,  and  are  more  convenient  and 
much  less  liable  to  fracture.  The  rose  need  not 
be  hemispherical  but  may  with  advantage  be 
much  flatter  in  cross  section.  It  is  attached  by 
means  of  a  short  piece  of  India-rubber  tube  to 
one  limb  of  a  glass  tube  which  is  bent  twice  at 
right  angles,  the  other  limb  being  fitted  by 
means  of  a  cork  or  air-tight  cover  to  a  fiask  or 
beaker  which  is  also  in  communication  with 
a  pump  (C.  J.  Trans.  1885,  123).  A  disc  of 
Jiitei'  paper  is  placed  on  the  fiat  surface  of  the 
n  se  and  moistened  with  water.  The  pump  is  then 
tet  in  action,  and  the  rose  with  its  disc  is  intro- 
duced into  the  liquid  to  be  filtered,  care  being 
taken  that  it  does  not  touch  the  bottom.  When 
the  clear  liquid  has  all  been  drawn  off,  the  rose 
is  raised,  the  pump  being  kept  in  action,  fresh 
water  is  added  to  wash  the  precipitate  and  the 
rose  is  again  introduced.  After  the  precipitate 
lias  been  washed  and  transferred  to  the  vessel 
in  which  it  is  to  be  weighed,  the  paper  disc  with 
its  adhering  precipitate  is  readily  detached  from 
the  rose.  This  method  is  very  rapid;  it  is 
especially  useful  for  precipitates  which  subside 
readily  and  when  it  is  desired  to  keep  a  precipi- 
tate or  residue  in  the  original  vessel.  The  filter 
paper  is  so  small  that  the  ash  which  it  leaves 
on  incineration  is  negligible. 

Goocli  (C.  N.  37,  181)  uses  asbestos  felt  and 
a  crucible  with  a  perforated  bottom.  The 
asbestos  makes  an  excellent  filter,  is  not  aifectel 
by  ordinary  acid  and  alkaline  liquids,  is  readily 
dried,  and  does  not  alter  in  weight  when  ignited. 
Silky  asbestos  is  scraped  into  a  short  tine  down, 
lioiled  with  hydrochloric  acid,  well  washed  and 
I  kept  in  water.    A  platinum  crucible,  preferably 
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of  tlie  low  wide  form,  with  the  bottom  perforated 
with  a  hii  ge  number  of  minute  holes,  is  tilted  air-  ; 
tight  into  an  ordinary  funnel  by  means  of  an  j 
india-rubber  ring  placed  between  the  crucible 
raid  the  wall  of  the  funnel,  which  is  fitted  into  a 
liltering  flask.  The  pump  is  set  in  action  and 
water  containing  the  asbestos  in  suspension  is  i 
poured  into  the  crucible.  A  layer  of  asbestos 
felt  is  quickly  formed,  and  when  this  is  of 
sufficient  thickness  it  is  drained,  dried,  and 
ignited  over  a  lamp,  and  the  Cfucible  is  then 
weighed.  It  is  dos.rable  to  have  a  non-per- 
forated bottom  to  fit  on  the  crucible  during  [ 
ignition  in  order  to  protect  the  contents  of  the 
crucible  from  the  flame  gases.  In  cases  where 
the  use  of  platinum  is  inadmissible,  a  porcelain  ' 
crucible  perforated  in  a  similar  manner  must 
be  used.  Tlie  weighed  crvicible  is  replaced  in 
the  funnel  and  filtration  is  conducted  in  the 
ordinary  way,  care  being  taken  that  the  pump  is 
set  in  action  before  any  liquid  is  poured  into  the 
crucible.  Drying  and  igniting  the  precipitate 
ccouiiies  but  little  time.  For  gelatinous  pre- 
cipitates the  crucible  may  be  leplaced  by  a  cone, 
the  lower  part  of  which  is  made  of  platinum 
gauze  and  the  upper  part  of  platinum  foil. 

Gooch  has  proiiosed  (P.  Am.  A.  18S5,  390  ; 
Fr.  24,  £83)  in  special  cases  to  replace  the  asbestos 
by  anthracene,  which  after  filtration  can  be  dis-  j 
soived  in  benzene  or  other  suitable   solvent,  i 
leaving  the  precipitate  undissolved.  j 

Not  unfiequeiitly  it  is  necessary  to  keep  the 
contents  of  a  funnel  hot  during  filtration.  This 
is  effected  by  placing  the  funnel  inside  a  copper  j 
Jacket  filled  with  water  which  is  heated  to  boil-  | 
ing  by  means  of  a  side  tube.    A  simpler  plan  is  , 
to  coil  lead  [lipe  round  the  funnel  and  blow  , 
steam  through  the  pipe  (liichter,  J.  pr.  N.  F. 
28,  30'J). 

Sometimes  it  is  desirable  to  avoid  contact 
with  air  during  filtration.  A  convenient  ap- 
paratus for  this  purpose  has  been  described  by 
Ivlobukow  (Fr.  24,  3<)5  ;  S.  C.  I.  4,  766). 

All  precipitates  require  to  be  washed  in  order 
to  remove  soluble  impurities,  the  liquid  em- 
ployed being  water,  dilute  acid,  dilute  ammonia, 
alcohol,  etc.,  as  the  case  may  require.  Tne  ob- 
ject in  all  cases  is  to  reduce  the  impurity  to  the 
desired  minimum  in  the  shortest  possible  time 
with  the  least  expenditure  of  liquid,  and  it  can 
readily  be  shown  that  successive  treatments  with 
small  quantities  of  the  liquid  are  far  more 
effectual  than  the  same  volume  of  liquid  applied 
all  at  once  (Bunsen,  A.  148,  26'J).  Whenever 
possible  hot  liquids  should  be  used.  The 
soluble  impurity  collects  round  the  top  edge  of 
the  filter  paper  by  reason  of  capillary  action 
and  evaporation,  and  hence,  when  washing  is 
effected  with  the  aid  of  an  ordinary  wash-bottle 
with  a  movable  jet,  it  is  important  that  the 
liquid  should  be  directed  on  to  the  top  edge  of 
the  filter.  It  is  also  important  that  each 
quantity  of  wash-water  should  be  drained  away 
as  completely  as  possible  before  adding  a  fresh 
quantity,  and  it  is  obvious  that  this  takes  place 
most  readily  when  a  pump  is  used.  In  this  case  ■ 
the  liquid  is  poured  into  the  funnel  from  an  [ 
open  vessel  to  a  height  of  about  10  mm.  above  I 
the  edges  of  the  paper.  Care  must  be  taken  that 
the  precipitate  is  not  drained  so  far  that  channels 
are  formed.    It  is  always  advisable  to  ascer- 


tain whether  the  washing  is  complete  by  testing 
a  few  drops  of  the  last  wash-water. 

Drying  and  weighing  precipitates. — Occa- 
sionally a  precipitate  must  be  dried  without  the 
application  of  heat,  and  this  is  accomplished  in 
a  desiccator  over  sulphuric  acid,  preferably  in  a 
vacuum.  In  other  instances  the  substance  is 
not  injured  by  a  temperature  of  say  120°,  but 
cannot  be  ignited.  In  these  cases  the  filter  is 
carefully  dried  at  the  particular  temperature, 
inclosed  between  a  pair  of  watch-glasses,  and 
weighed.  It  is  then  placed  in  the  funnel  and 
the  operation  proceeded  with.  After  filtration 
the  filter  and  the  precipitate  are  thoroughly 
dried  at  the  same  temperature  as  before  and 
again  weighed,  the  increase  being  the  weight  of 
the  precipitate.  The  majority  of  the  precipi- 
tates usually  met  with  can,  however,  be  dried  by 
heating  them  in  a  crucible  over  a  lamp.  In 
most  cases  it  is  not  necessary  that  the  precipi- 
tates should  previously  be  dried.  The  greater 
part  of  the  water  is  removed  by  draining  in  the 
funnel  by  means  of  the  pump  or  by  placing  the 
filter  and  its  contents  on  a  porous  tile  or  on  a 
pad  of  filter  paper.  The  filter  is  then  intro- 
duced into  a  crucible,  heated  cautiously  until 
quite  dry  and  then  heated  more  strongly  until 
the  weight  is  constant. 

When  the  precipitate  is  not  easily  reducible 
it  is  not  necessary  to  remove  the  paper  before 
ignition.  If  any  slight  reduction  takes  place, 
for  example,  with  barium  sulphate,  it  is  easily 
remedied  by  adding  a  few  drops  of  dilute  sul- 
phuric acid  and  again  heating.  In  the  case  of 
magnesium  pyrophosphate  strong  nitric  acid 
serves  a  similar  purpose.  If,  however,  the  precipi- 
tate is  readily  reduced  in  contact  with  organic 
matter,  it  must  be  removed  from  the  paper  as 
completely  as  possible  by  gentle  friction,  and 
transferred  to  the  crucible,  which  should  stand 
on  a  sheet  of  glazed  paper.  A  carefully  trimmed 
feather  or  a  camel's-hair  brush  is  useful  to 
transfer  scattered  particles  from  the  paper  to 
the  crucible.  The  filter  paper  is  then  folded 
with  the  portion  to  which  the  precipitate  had 
adhered  inside,  wrapped  in  platinum  wire  which 
forms  a  sort  of  cage,  and  set  on  fire.  Whilst 
burning  it  is  held  over  the  crucible,  and  ivheii 
coviplctelij  burnt  out,  the  ash  is  heated  with  the 
tip  of  a  Bunsen  Mame  for  a  few  minutes  and 
then  shaken  into  the  crucible. 

Precipitates  which  contain  compounds  of 
silver,  lead,  zinc,  tin,  and  other  easily  reducible 
metals,  should  be  heated  in  porcelain  crucibles, 
since  platinum  vessels  are  liable  to  be  attacked. 
Care  should  also  be  taken  that  platinum  vessels 
are  not  heated  with  siuoky  or  '  roaring'  flames, 
and  do  not  come  in  contact  with  brass  crucible 
tongs  or  easily  fusible  metals  whilst  hot.  After 
some  time  the  surface  of  the  metal  may  become 
dull  owing  to  the  partial  disaggregation  of  the 
platinum,  but  this  delect  can  be  remedied  by 
Ijolishing  the  metal  with  sea-sand  or  a  burnisher. 

Heating  appliances. --The  ordinary  Bunsen 
burner  serves  for  most  operations,  but  the  argaud 
Bunsens  introduced  by  Fletcher  are  more  efficienl, 
and  the  radial  slit  burner  of  the  same  inventor 
is  perhaps  the  most  eflioient  gas-burner  for  heat- 
ing purposes  that  has  yet  been  made.  Glass 
vessels  are  more  safely  heated  on  a  sheet  of  wire 
gauze  or  on  a  layer  of  sand  in  a  metal  tray.  A 
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most  useful  piece  ot  apparatus  in  a  technical 
laboratory  is  a  large  iron  plate  supported  on  iron 
less,  and  heated  by  a  burner  underneath  the 
middle.  Vessels  placed  on  the  plate  near  its 
edges  are  subjected  to  a  very  gentle  heat,  but 
may  be  raised  to  a  much  higher  temperature  by 
being  moved  nearer  to  the  middle. 

A  water-bath  provided  with  a  constant  feed- 
ing arrangement  is  the  most  useful  way  of  heat- 
ing vessels  at  100°.  If  higher  temperatures  are 
needed,  a  saturated  solution  of  calcium  chloride, 
melted  paraltin,  or  oil  may  be  used.  Maumene 
(C.  K.  97,  45,  and  21.b)  has  proposed  to  use 
fused  mixtures  of  alkaline  nitrates  for  tempera- 
tures between  140°  and  250°.  Brauner  (C..T.47, 
887)  has  described  a  simple  ariangemont  for 
heating  substances  in  sulphur  vapour. 

Reagents.  —  The  ordinary  acids  and  ammonia 
are  requii'ed  in  a  dilute  as  well  as  in  a  concen- 
trated form  ;  they  may  be  conveniently  diluted 
with  three  times  their  volume  of  water.  Ordi- 
nary solid  reagents  are  dissolved  in  water  and 
diluted  so  that  10  parts  of  the  solution  by 
measure  contain  1  part  of  the  salt  by  weight ;  it 
is  then  easy  to  calculate  approximately  the 
quantity  of  reagent  required  to  precipitate  a  given 
amount  of  a  substance.  Special  reagents  will  be 
described  in  connection  with  the  various  pro- 
cesses. 

Proximate  analysis. 

The  methods  to  bo  adopted  for  the  separation 
of  the  constituents  of  any  particular  mixture 
will  depend  entirely  upon  the  nature  of  the  mix- 
ture. It  is  only  possible  to  describe  the  general 
methods  which  are  found  to  be  most  useful. 

Fractional  dist illation  is  available  for  the 
separation  of  li(juids  which  differ  considerably 
in  their  boiling  points  (r.  Uistiij.ation). 

Fractional  precipitation  may  be  employed 
for  the  separation  of  substances,  some  of  which 
are  precipitated  by  a  given  reagent,  whilst  the 
otiiers  are  not ;  or  for  the  separation  of  sub- 
stances which  differ  in  the  order  of  their  preci- 
pitation. If,  for  example,  silver  nitrate  is  added 
in  successive  small  quantities  to  a  solution  con- 
taining an  iodide,  bromide,  and  chloride,  the 
iirst  portion  of  the  precipitate  contains  the  greater 
])art  of  the  iodine  ;  tlie  middle  portion  contains 
the  greater  part  of  the  bromine,  and  the  last  por- 
tion the  greater  part  of  the  chlorine.  In  a  similar 
manner  organic  acids  can,  not  unfrequently,  be 
separated  by  taking  advantage  of  differences  in 
the  orde"  of  their  precipitation  by  silver  nitrate 
or  lead  acetate.  In  these  cases  the  separated  pre- 
cipitates can  be  suspende<l  in  water  and  decom- 
posed by  hydrogen  suljjhide,  when  the  acids  are 
again  liberated. 

Fractional  crystallisat'on  may  be  adopted  in 
the  case  of  substances  which  differ  in  their  solu- 
bility in  one  and  the  same  solvent.  The  solution 
is  concentrated  somewhat,  and  the  crystals  which 
separate  are  removed  ;  the  mother  liquor  is  still 
fuither  concentrated,  and  the  second  crop  of 
crystals  is  removed,  this  process  being  repeated 
as  often  as  the  case  demands.  The  least  soluble 
compound  is  mainly  in  the  first  crop  of  crystals; 
the  most  soluble  is  in  the  last  mother-licpior. 

Fractional  saturation  is  an  analogous  pro- 
cess, but  is  of  more  limited  application.  It  was 
employed  by  Liebig  for  the  separation  of  volatile 


organic  acids.  The  mixlure  of  acids  is  mixed 
with  a  quantity  of  soda  or  potash  insufficient 
for  complete  saturation,  and  is  then  distilled. 
The  acids  of  higher  molecular  weight  are  first 
neutralised  and  converted  into  salts,  which  of 
course  remain  in  the  retort,  whilst  the  acids 
of  lower  molecular  weight  are  found  in  the  free 
state  in  the  distillate.  Anything  like  complete 
separation  is  only  to  be  obtained  by  many  repe- 
titions of  this  process. 

Fractional  solution. — The  most  useful  and 
most  generally  applicable  method  of  proximate 
analysis  is  based  upon  the  different  solubilities 
of  various  substances  in  different  menstrua. 
The  mixture  is  treated  successively  with  various 
J  solvents,  each  of  which  dissolves  some  of  the 
constituents,  but  leaves  the  others  undissolved. 
Advantage  may  also  be  taken  of  the  fact  that  the 
sahibilities  are  in  many  cases  nioditiod  by  a  rise 
of  temperature.  Further,  if  two  substances  differ 
considerably  in  their  solubility  in  one  and  the 
same  liquid  they  may  be  separated  by  treatment 
with  successive  small  quantities  of  tlie  liquid, 
which  removes  the  more  soluble  compound  but 
leaves  the  greater  part  of  the  other  undissolved. 
The  following  is  a  list  of  the  solvents  commonly 
employed,  with  indications  as  to  their  general 
properties. 

Water  dissolves  many  salts  and  acids;  in- 
organic and  organic  alkalis  and  their  salts ; 
carbohydrates,  gums,  and  other  highly  oxidised 
carbon  compounds  which  are  not  readi'y  solu- 
ble in  alcohol,  ether,  etc.  On  the  other  hand,  it 
does  not  dissolve  the  carbonates,  phospliates, 
oxalates,  and  certain  other  salts  of  the  heavier 
metals.  Very  many  organic  substances  are  in- 
soluble in  this  liquid.  It  decomposes  the  halogen 
compounds  of  the  acid  radicles  and  certain  other 
compounds,  and  converts  many  normal  metallic 
salts  into  basic  salts,  part  of  the  acid  jiassiug  into 
solution  in  the  free  state. 

Dilute  acids  will  dissolve  many  salts,  and 
also  some  organic  substances  which  are  insoluljle 
'  in  water. 

I       Alcohol  dissolves  many  salts,  caustic  alkalis, 
I  hydrocarbons,  fatty   acids,  resins,  and  a  very 
j  large  number  of  carbon  comp)ounds.    It  reacts 
with  many  haloid  substitution  derivatives,  and 
hence  is  not  a  suitable  solvent  for  this  class  of 
compounds. 

Ether  dissolves  a  few  salts,  and  is  an  excel- 
lent solvent  for  hydrocarbons,  fats,  resins,  alka- 
I  loids,  and  almost  all  organic  compounds  which 
I  are  insoluble  in  water.  It  reacts  with  very  few 
substances,  and  boils  at  a  low  temperature,  so 
■  that  it  can  readily  be  distilled  off  and  the  dis- 
;  solved  substance  recovered. 

Benzene  dissolves  iodine,  sulphur,  phos- 
phorus, oils,  fats,  wax,  camphor,  resins,  caout- 
chouc, gutta-percha,  etc.,  and  is  especially  useful 
as  a  solvent  for  haloid  derivatives,  on  which  it 
has  no  action. 
'  Carbon  bisuljihide  shares  with  ether  the 
advantage  of  being  readily  volatile.  It  should 
always  be  purified  from  dissolved  sulphur  before 
being  used.  The  best  plan  is  to  mix  it  with  a 
small  quantity  of  white  wax  and  then  distil  off 
the  bisulphide  on  a  water-bath.  It  dissolves 
sulphur,  phosphorus,  iodine,  fats,  essential  oils, 
resins,  caoutchouc,  ttc;  but  its  solvent  powers 
are  comxiaratively  limited,  and  alnicst  all  salts 
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aad  very  many  carbon  compounds  arc  insoluble 
in  it. 

Light  petroleum  consists  of  the  lower  boiling 
hydrocarbons  of  the  paraffin  series.  It  occurs 
in  commerce  in  several  varieties  under  different 
names.  Petroleum  ctlicr  boils  at  50°-60°;  petro- 
leum benzene  at  70°-90°  ;  ligroin  at  aO'^-lSO". 
They  are  excellent  fol vents  for  oils  and  fats,  but 
dissolve  very  few  dhe:  compounds. 

Chloroform  readily  dissolves  oils,  fats,  and 
similar  substances,  and  is  especially  useful  as  a 
solvent  for  alkaloids. 

Tlie  treatment  of  a  solid  with  a  volatile  solvent 
must  be  conducted  in  a  special  apparatus,  es- 
pecially if  the  liquid  is  to  be  heated.  Various 
forms  of  apparatus  have  been  devised  for  this 
purpose,  but  there  is  none  more  efficient  than 
that  of  Soxhlct  (D.  P.  J.  232,  p.  4G1).  It  con- 
sists of  a  short  wide  test  tube,  open  at  the  top 
but  closed  at  the  bottom,  to  which  is  sealed  a 
narrower  tube  which  can  be  fitted  into  a  small 
weighed  flask  by  means  of  a  cork.  Communica- 
tion betwppn  the  two  tubes  is  made  by  means  of 
(1)  a  narrow  side  lube  which  opens  into  the 
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bottom  of  the  wider  upper  tube,  forms  a  siphon, 
and  descends  through  the  lower  tube  nearly  to 
the  bottom  of  the  flask  ;  and  (21  a  wider  side 
tube  which  enters  the  upp)er  tube  near  the  top  and 
the  lower  tube  near  the  j  unction  (tig.  5).  A  weighed 
quantity  of  the  substance  to  be  treated  is  placed 
in  a  cylinder  of  filter  paper  open  at  the  top,  and 
introduced  into  the  upper  tube,  or  the  bottom  of 
the  tube  is  packed  with  purified  cotton-wool,  and 
the  substance  is  placed  upon  this.  A  quantity 
of  the  solvent  rather  more  than  sufficient  to  fill 
the  upper  tube  to  the  level  of  the  bend  in  the 
siphon,  is  placed  in  the  flask  and  heated  to  boil- 
ing by  means  of  a  water- bath.  Tlie  upper  tube 
is  attached  to  a  rellux  condenser,  care  being 
taken  tliat  the  condensed  liquid  falls  directly  into 
the  cylinder  containing  the  substance.  The 
vapour  piasses  up  tlie  wide  side  tube,  is  con- 
densed, falls  upon  the  substance,  and  filters 
through  the  paper  or  cotton-wool.  As  soon  as 
the  liquid  rises  to  the  bend  of  the  siphon,  the 
latter  draws  off  the  clear  solution  into  the  flask, 
and  the  liquid  is  again  volatilised  whilst  the  dis- 
solved matter  remains  in  the  flask.  The  process 
goes  on  automatically,  and  the  substance  can  be  | 


I  extracted  many  times  with  a  small  quantity  of 
liquid.  When  extraction  is  compiete,  the  flask 
is  connected  with  an  ordinary  condenser,  the 
liquid  is  distilled  off,  and  the  residue  dried  and 
weighed  if  necessary. 

A  convenient  apparatus  for  treatment  with 
solvents  in  dishes  has  been  described  by  A.  V.'. 
Blyth  (C.  J.  Trans.  1880,  140). 

The  older  plan  of  allowing  the  substance  to 
remain  in  contact  with  the  solvent  for  a  Ion  j 
I  time  in  a  cylinder  or  other  closed  vessel  is  much 
less  elHcient. 

In  many  cases  substances  in  solution  can  be 
removed  and  separated  by  agitating  the  liquid 
with  some  non-miscible  solvent.  The  alkaloids 
and  many  amines  can  be  removed  from  aqueous 
solutions  by  means  of  ether,  whilst  metallic  salts 
are  left ;  fatty  substances  can  be  removed  from 
liquids  by  means  of  petroleum  ether,  and  so  on. 
Extractions  of  this  kind  are  best  made  in  a 
separator  consisting  of  a  souiewliat  wide  tube 
contracted  at  one  end,  which  is  fitted  with  a  cork 
or  stopper,  whilst  the  other  end  is  drawn  out 
into  a  narrow  tube  provided  either  with  a  stop- 
cock or  an  indiarubber  tube  and  a  pinch-cock  (fig. 
G).  The  liquid  and  the  solvent  can  be  completely 
mixed  by  agitation,  and  after  they  have  separated 
the  lower  layer  can  be  drawn  off.  If  it  is  required 
to  remove  the  supernatant  liquid  in  this  or 
any  similar  case,  a  somewhat  narrow  tube  is 
bent  twice  at  right  angles,  and  one  limb  is 
fitted  by  means  of  a  ccrk  into  a  distilling  or 
other  flask  which  is  connected  with  an  aspirator, 
whilst  the  other  limb  of  the  tube  is  placed 
in  the  liquid.  When  the  aspirator  is  set  in 
action,  the  liquid  is  drawn  over  into  the  flask, 
from  which  it  can  be  distilled.  With  care  a  very 
accurate  separation  can  be  made,  and  the  tube 
is  readily  rinsed  by  drawing  some  of  the  fresh 
solvent  through  it. 

The  microscope  is  of  the  greatest  service  in 
ascertaining  whether  a  substance  is  a  single 
compound  or  a  mixture,  and  a  microscopic  ex- 
amination of  the  various  products  obtained  in 
the  course  of  a  proximate  analysis  affords  valu- 
able information  as  to  the  extent  to  which  sepa- 
ration has  been  elfeoted. 

Qualitative  analysis. 

The  qualitative  detection  of  substances  is 
based  upon  the  fact  that  almost  every  element 
or  acid  radicle  will,  under  suitable  conditions, 
yield  a  precipitate  or  reaction  which,  under  those 
conditions,  is  characteristic,  and  enables  us  to 
distinguish  it  from  eveiything  else.  With 
scarcely  any  exceptions  the  reactions  of  the 
metals  and  acid  radicles  are  independent  of  the 
acids  or  metals  with  which  they  are  respectively 
combined.  The  tests  may  be  applied  to  the  sub- 
stance in  solution,  in  wdiich  case  they  are  known 
as  wet  reactions  ;  ur  the  solid  substance  may  be 
subjected  to  the  action  of  different  solid  reagents, 
usually  at  a  high  temperature,  and  these  are 
known  as  dnj  reactions. 

In  framing  a  systematic  scheme  for  the 
qualitative  examination  of  a  substance,  advantage 
is  first  taken  of  certain  similarities  between  the 
elements  or  radicles  which  enable  us  to  divide 
them  into  a  limited  number  of  groups,  and  the 
individual  members  of  these  groups  are  after- 
v/ards  separated  by  utilising  the  differences  be- 
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tween  the  pi'opertics  of  their  vpspective  com- 
pounds. 

The  metals  are  divided  into  six  groups  ac- 
cording to  their  behaviour  witli  the  following 
reagents,  which  must  be  applied  in  the  order 
given  :  (1)  Metals  precipitated  as  chlorides  by 
hydrocliloric  acid.  (2)  Metals  precipitated  as 
sulphides  by  hydrogen  sulphide  in  an  acid  solu- 
tion. (3)  Metals  precipitated  as  hydroxides  by 
ammonia  in  presence  of  ammonium  chloride.  (4) 
Metals  precipitated  as  sulphides  by  aumionium 
sulphide  in  an  alkaline  solution.  (5)  Metals 
precipitated  as  carbonates  by  ammonium  car- 
bonate in  presence  of  ammonia.  (6)  Metals  not 
precipitated  by  these  reagents. 

In  the  case  of  acid  radicles  the  division  into 
groups  is  by  no  means  so  sharp,  but  barium 
cliloride,  calcium  chloride,  silver  nitrate,  and 
ferric  chloride  give  reactions  with  a  large  number 
of  acids,  and  can  to  a  certain  extent  be  utilised 
as  group  reagents. 

The  course  to  be  adopted  in  making  a  quali- 
tative analysis  will  depend  very  largely  on  cir- 
cumstances. When  the  approximate  composition 
of  a  substance  is  known,  or  when  it  is  simply 
desired  to  prove  the  presence  or  absence  of  par- 
ticular substances,  the  systemat'c  scheme  may 
be  shortened  very  considerably.  If,  however,  the 
composition  of  the  substance  is  entirely  unknown 
it  is  Just  as  important  to  prove  decisively  that 
certain  elements  are  absent  as  to  prove  that 
otliers  are  present.  In  all  cases  a  preliminary 
examination  of  the  substance  sliould  be  made  in 
the  dry  way.  and  if  the  substance  is  in  solution 
a  portion  should  be  evaporated  to  dryness.  The 
reactions  of  several  substances  in  the  dry  way 
are  interfered  with  and  rendered  inconclusive  by 
the  presence  of  certain  other  substances  ;  but 
nevertheless  an  examination  of  this  kind  gives 
much  information  in  a  short  time. 

Examination  in  the  Dry  Way. 

The  most  conven'ent  source  of  heat  for  this 
purpose  is  the  ordinary  Bunsen  burner.  Con- 
siderable care  is  re<iuired  in  performing  the 
experiments,  and  only  small  quantities  of  the 
substance  must  be  operated  upon.  The  Bunsen 
lamp  consists  of  a  metal  tube  at  the  bottom  of 
which  coal  gas  enters  by  means  of  a  jet,  the 
lower  part  of  the  tube  being  pierced  with  holes 
through  which  air  is  ilrawn  and  mixes  with  the 
coal-gas.  The  mixture  of  1  volume  of  coal-gas 
with  about  2.',  volumes  of  air,  which  is  thus  pro- 
duced, burns  at  the  top  of  the  tube  with  a  non- 
luminous  Hame.  When  the  supply  of  gas  is 
turned  low,  it  is  necessary  also  to  reduce  the  air 
supply  by  partially  closing  the  holes  at  the  bottom 
of  the  tube  by  means  of  a  regulator.  The  upper 
part  of  the  tube  carries  a  gallery  and  cone  to 
jjrotect  the  flame  from  draughts. 

The  Hame  consists  e>ser;tially  of  an  inner 
dark  zone  containing  unburnt  gas  mixed  with 
air,  and  an  outer  zone  or  flame  mantle  in  which 
combustion  becomes  complete.  If  the  air  holes 
are  partially  closed,  a  luminous  cone  appears 
at  the  top  of  the  inner  zone.  Bunsen  has 
shown,  however,  that  several  distinct  zones 
exist,  each  of  which  can  be  utilised  for  producing 
particular  reactions.  Tiie  most  useful  of  these 
are  a,  a  comparatively  cold  zone  at  the  base  of 
the  flame,  which  serves  for  the  volatilisation  of 


salts  in  order  to  obtain  flame  colourations;  the 
lower  reducing  flame  S  about  one  quarter  of 
the  way  up  and  close  to  the  edge  of  the  dark 
zone;  r;,  the  ?y)j3er  and  more  powerful  reducing 
flame  at  the  top  of  the  dark  zone,  obtained  by 
closing  the  air  holes  until  the  tip  of  the  inner 
zone  just  becomes  luminous;  (8,  the  zcme  of 
fii^iuii  or  highest  temperature,  at  about  one-third 
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the  height  of  the  flame  and  half  way  between  tin 
inner  zone  and  the  flame  mantle ;  i),  the  lower 
and  hotter  oxidising  flame  at  the  edge  just  below 
the  zone  of  fusion;  and  e,  the  upper  oxidising 
flame  at  the  extreme  tip  of  the  flame. 

Instead  of  the  Bunsen  lamp,  the  flame  ob- 
tained by  moans  of  a  blowpipe  may  be  used.  A 
mouth  blowpipe  consists  of  a  metal  tube  provided 
at  one  end  with  a  mouthpiece,  the  other  end 
fitting  into  a  small  metal  box  which  serves  to 
condense  and  retain  the  moisture  of  ihe  breath. 
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From  the  side  of  tliis  box  a  second  shorter 
and  narrower  tube  projects  at  right  angles  to 
the  first,  and  is  provided  with  a  nozzle  or  jet  of 
brass  or,  better,  of  platinum.  For  general  work 
the  diameter  of  the  bore  of  the  jet  should  be 
0-4  mm.  In  Black's  blowpipe  the  larger  tube  is 
conical,  the  lower  and  wider  end  serving  the 


Fig.  8. 


same  purpose  as  the  box  in  the  form  just  de- 
scribed. The  art  of  keeping  up  a  continuous 
blast  of  air  through  the  blowpipe  can  only  be 
acquired  by  practice.  The  necessary  pressure  is 
produced  by  distending  the  cheeks,  breathing 
being  carried  on  through  the  nostrils,  whilst 
communication  between  the  nostrils  and  the 
mouth  is  cut  off  by  the  pressure  of  the  tongue 
against  the  palate.  A  convenient  form  of  hand- 
blower  for  blowpipe  work  has  been  devised  by 
Fletcher. 

A  good  flame  for  blowpipe  work  is  obtained 
by  dropping  into  the  tube  of  an  ordinary  Lunsen 
burner  a  brass  tube,  the  lower  end  of  which 
descends  to  the  bottom  of  the  burner  and  cuts 
oft  the  supply  of  air,  whilst  the  upper  end  is 
flattened  and  cut  off  at  an  angle.  Tlie  flame 
should  be  much  smaller  than  when  the  burner 
is  used  in  the  ordinary  way.  Coal-gas  usually 
contains  more  or  less  sulphur  and  consequently 
cannot  be  used  when  testing  for  this  element. 

A  thick  stearin  candle  answers  well;  but 
nothing  is  better  than  a  lamp  consisting  of  a  low 
and  somewhat  wide  cylindrical  metal  vessel,  open 
at  the  top,  with  a  somewhat  broad  and  flat  wick- 
liolder  attached  to  the  side.  The  fuel  used  is 
solid  paraflin,  which  is  kept  in  a  melted  condi- 
tion by  the  heat  of  the  blowpipe  flame,  the  wick 
being  so  arranged  that  the  flame  passes  over  the 
top  of  the  paraflin.  A  metal  cover  protects  the 
lamp  from  dust  when  not  in  use. 

The  nozzle  of  the  blowpipe  is  introduced  a 
short  distance  into  the  lamp  flame  at  a  short 
distance  above  the  wick,  and  when  the  blast  is 
])roduced  the  flame  is  deflected  horizontally, 
becomes  long  and  narrow,  and  is  seen  to  consist 
of  two  parts,  viz.,  an  order  or  oxidising  flame,  at 
the  tij)  of  which  there  is  an  excess  of  oxygen 


6 


FiG.  9. 

heated  to  a  high  temperature,  and  an  inner  or 
reducing  flame,  which  contains  carbonic  oxide 
and  hydrocarbons  heated  to  a  high  temperature. 
If  the  blowpipe  is  held  just  at  the  edge  of  the 
flame  and  a  moderate  blast  is  used,  a  broader 
reducing  flame  can  be  obtained,  which  has  a 
luminous  tip  containing  solid  particles  of  carbon. 

Other  special  apparatus  required  is  a  small 
pair  of  forceps  with  platinum  points ;  short 
pieces  of  thin  platinum  wire  ;  charcoal  from  some 
flne-graincd  compact  wood  ;  glass  tubes  about 


j  3  mm.  internal  diameter,  and  (jJ-  SO  mm.  long, 
closed  at  one  end  ;  and  glass  tubes  of  similar 
diameter  100-120  mm.  long,  open  at  both  ends 
and  bent  slightly  in  the  middle.  The  reagents 
used  are  borax,  microeosmic  salt  (NH|NaHPO,), 
IJotassium  cyanide,  sodium  carbonate,  potassium 
nitrate,  cobalt  nitrate  solution,  and  potassium 
hydrogen  sulphate. 

The  usual  operations  are  as  follows :  — 

(1)  Heating  in  closed  tube.    The  sides  of  the 
1  tube  must  be  clean  and  perfectly  dry;  after  in- 
troduction of  the  substance  they  may  be  cleaned 
by  means  of  a  roll  of  filter  paper. 

(2)  Heating  in  an  open  tube,  the  tube  being 
inclined  in  order  to  promote  a  current  of  air 
through  it. 

(3)  Heating  on  platinxun  icirc  in  order  to 
obtain  a  flame  colouration.  The  wire  is  cleaned 
by  repeated  dipping  into  hydrochloric  acid  and 
heating  in  the  flame  unt'l  it  imparts  no  colour. 
A  small  quantity  of  the  substance  is  taken  on 
the  end  of  the  clean  wire  and  introduced  into  the 
edge  of  the  blowpipe  flame  Just  beyond  the  top 
of  the  inner  flame,  or  into  zone  a  of  the  Bunseu 
flame.  A  colouration  is  only  obtained  if  the 
metal  is  in  the  form  of  some  volatile  compound, 

I  and  since  the  chlorides  are  amongst  the  most 
volatile  salts,  the  substance  should  be  moistened 
with  hydrochloric  acid.  An  excellent  plan  is  to 
mix  the  substance  with  a  small  quantity  of  pre- 
cipitated silver  chloride,  which  is  kept  in  a  paste 
with  water,  and  heat  the  mixture  on  a  thin  iron 
wire.  Silver  imparts  no  colour  to  the  flame,  but 
I  chlorine  is  given  off  gradually,  and  converts  the 
j  other  metals  into  chlorides.  A  mixture  of  several 
substances  may  be  made  to  show  successively 
their  individual  flame  col  lurations  by  first  heat- 
ing in  a  comparatively  cold  part  of  the  flame 
until  the  most  volatile  is  expelled,  then  moving 
to  a  somewhat  hotter  zone,  and  so  on. 

(4)  Heating  on  charcoal  to  obtain  reduced 
metal  or  a  film  of  oxide.  The  substance,  mixed 
with  three  times  its  weight  of  dry  sodium  car- 
bonate or  of  a  mixture  of  2  parts  sodium  car- 
bonate and  1  part  potassium  cyanide,  is  placed 
in  a  small  shallow  hole  scooped  out  in  charcoal, 
and  heated  in  a  reducing  flame.  The  metallic 
bead  obtained  is  examined  as  to  colour,  malle- 
ability, solubility,  etc.  Many  metals  yield  Alms 
of  oxide  which  coat  the  charcoal  at  a  greater  or 
less  distance  from  the  flame,  and  the  colour  and 
appearance  of  which  is  more  or  less  character- 
istic. These  and  similar  films  are  best  seen 
when  the  charcoal  is  supported  on  an  aluminium 
plate  (Ross).  A  piece  of  sheet  aluminium  12  cm. 
by  5  cm.  is  bent  at  right  angles  at  a  distance  of 
2  cm.  from  one  end,  thus  forming  a  ledge  on 
which  a  small  flat  piece  of  charcoal  is  placed, 
the  plate  being  held  so  that  the  surface  ris?s 
vertically  behind  the  ledge.  Volatile  oxides  &c. 
condense  on  the  metallic  surface  (v.  Hutchings, 
C.  N.  bG,  208,  217). 

In  order  to  obtain  reduced  metals  with  the 
Bunsen  flame,  a  match-stick  is  smeared  with 
ordinary  sodium  carbonate  (washing  soda)  wdiich 
has  been  melted  by  holding  it  in  the  flame,  and 
the  wood  tlius  prepared  is  carbonised  by  heating 
it  in  the  flame.  A  small  quantity  of  the  sub- 
stance is  mixed  in  tiie  palm  of  the  hand  with  a 
small  quantity  of  the  fused  washing  soda  and 
I  the  mixture  is  carefully  placed  on  the  charcoal 
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splint,  which  is  then  heated  in  the  lower  or 
upper  reducing  tlanie.  When  reduction  is  com- 
plete the  match  is  allowed  to  cool  inside  the  dark 
zone,  and  is  then  withdrawn,  crushed  in  a 
mortar,  and  the  lighter  particles  of  charcoal 
removed  by  levigation  with  water,  the  heavy 
metallic  particles  being  left. 

By  means  of  the  Bunsen  flame  reduced  metals 
and  their  oxides  can  be  obtained  in  the  form  of 
films  on  a  porcelain  surface.  The  substance  is 
supported  on  a  long  slender  piece  of  asbestos, 
and  heated  in  the  tip  of  a  small  oxidising  or 
reducing  flame,  a  small  evaporating  dish  con- 
taining cold  water  being  held  momentarily  just 
above  the  asbestos  [v.  Bunsen's  '  Flammen-re- 
actionen,'  Heidelberg,  1880). 

(5)  Heating  with  borax  or  microcosmic  salt. — 
A  small  loop  is  made  at  the  end  of  a  platinum 
wire,  and  some  borax  or  niici'ocosniie  salt  is  taken 
up  and  heated  in  the  flame  until  it  is  perfectly 
fused.  The  bead  wlien  cold  must  be  quite  trans- 
parent and  colourless,  otherwise  it  must  be  re- 
melted,  shaken  off,  and  a  fresh  bead  made.  Asinall 
quantity  of  the  substance  is  taken  on  the  bead 
and  heated  first  in  the  oxidising  flame  (O.F.) 
and  then,  after  it  has  been  examined,  in  the 
inner  or  reducing  flame  (I.F.).  The  colour  of 
the  bead  should  be  observed  both  hot  and  cold. 
If  too  much  substance  is  taken  the  bead  becomes 
opaque,  and  the  colour  cannot  be  distinguished. 

(G)  Certain  inf  usible  substances,  when  mois- 
tened with  cobalt  nitrate  solution  and  strongly 
heated,  acquire  characteristic  colours. 

The  following  results  may  be  obtained; — 

(1)  In  closed  tube:  — 

(a)  It  carbonises,  with  or  without  evolution 
of  empyreumatic  vapours  =  organic  compounds. 

(b)  Water  is  evolved  and  condenses  in  the 
cold  part  of  the  tube ;  neutral  reaction  =  hy- 
dratcd  salts,  hydroxides;  acid  reaction  =  actti 
salts ;  alkaline  reaction  =  ammoii  iuin  compounds. 

(c)  Fuses  without  change  of  colour  =  alkaline 
salts :  liydrated  salts. 

{d)  F uses  and  changes  colour  :  yellow  hot, 
dark  yellow  cold  =  bisnmth  oxide;  yellow  hot, 
red  cold  =  lead  oxide. 

(c)  No  fusion,  but  change  of  colour :  dark 
yellow  hot,  pale  yellow  cold  =  stamiic  oxide; 
yellow  hot,  white  cold  =  zinc  oxide;  black  hot, 
reddish-brown  cold=/c?Tic  oxide;  black  hot, 
bright  red  cold  =  mercuric  oxide. 

(/)  Gasisevolved:  OTijgen  =  chlorates, iodates, 
&c.,  peroxides;  carbon  dioxide  =  caj'&owa^cs,  oxa- 
lates ;  carbon  monoxide  (burns  with  blue  flame) 
= formates,  oxalates ;  suli^hur  dioxide  =  acid  sul- 
phites, sidphates  of  heavy  metals  ;  cyanogen  = 
cyanides;  nmmoma,  =  ammoiiitmi  salts  :  orange- 
brown  vapours  =  nitrates,  nitrites,  bromides ; 
violet  vapours  =  iodides. 

(g)  A  sublimate  is  formed  :  black  or  reddish- 
black  =  seZenMt)«,  mercuric  sulphide;  reddish- 
yellow  =  arsenic  sidpliide  ;  yellow  =  sulphur,  sul- 
phides ;  v;hite  =  ammonium  salts,  mercury  salts, 
volatile  organic  acids,  antimony  trioxide 
(needles),  arsenic  trioxide  (octahedra)  ;  metallic 
mirror  =  arsenic ;  grey  metallic  globules  =  mer- 
cury. 

(2)  In  open  tube  much  the  same  results  as 
in  closed  tube.  Sulphides  burn  and  give  off  sul- 
phur dioxide  ;  arsenic  sublimes  as  oxide  and  not 
as  metal ;  selenium  and  its  compounds  evolve  a 
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pungent  odour  of  horse-radish,  and  give  a  grey 
or  reddish  sublimate. 

(3)  Flame  colotiration  :— yellow  =  sodium  ; 
orange  red  =  calcium ;  crimson  =  strontium, 
lithium  ;  lavender  =  potassiimi  ;  apple-green  = 
barium  ;  bright  green  =  thallium,  copper,  boi'ic 
acid;  pale  hlvic  =  lead,  antimony;  deep  blue, 
becoming  green  =  cojsper  {haloid  salts);  deep 
blue  =  selenium. 

(4)  On  charcoal. — White  malleable  bead  = 
silver,  tin,  lead ;  red  malleable  bead  =  copper  ;  grey 
magnetic  powder  =  iroji,  nickel,  cobalt;  brittle 
he3,d  =  antimony,  bismuth. 

Incrustations  on  charcoal :  white  =  anti- 
mony ;  orange-yellow  hot,  pale  yellow  cold  = 
bismuth ;  pale  yellow  hot,  deeper  yellow  cold, 
with  white  edge  =  Uad ;  white,  very  volatile  = 
arsenic  ;  yellow  hot,  white  cold  =  zinc  ;  reddish- 
brown  or  orange-yellow  cold  cadmium. 

(5)  In  borax  bead  ;  — 

Inner  flame  Outer  flame  Metal 


Hot 

Cold 

Hot 

Co'.d 

Green 

Bottle-green  Yellow 

Paler 

Iron 

G-reen 

Green 

Yellow 

Green 

Chromium 

Green 

Bottle-ereen  Yellow 

Pale  yellow  Uranium 

Colourless 

Colourless 

Amethyst  Amethyst 

Mauqitiiese 

Blue 

Blue 

Blue 

B  ue 

CvbnU 

Grey 

Grey 

Violet 

Reddish- 

Nickd 

brown 

Brownish 

Emerald 

Yellow 

Greenish- 

Vanadium 

greea 

yellow 

Colourless 

Brown 

Green 

Bluish- 

Copper 

green 

(6)  With  cobalt  nitrate:— hlne^  aluminium 
(some  phosphates,  silicates,  and  borates) ;  green 
^einc,  titanium;  pale  xed  =  magnesium. 


Examination  in  the  Wet  Way. 

The  preparation  of  the  solution  requires 
some  attention.  If  the  substance  is  a  metal, 
treat  at  once  with  moderately  strong  nitric  acid. 
Tin  and  antimony  form  oxides  which  to  a  great 
extent  remain  undissolved ;  other  metals  (with 
the  exception  of  gold  and  the  platinum  metals, 
which  are  not  attacked)  are  converted  into 
nitrates,  which  dissolve  at  once  or  on  diluting. 

If  the  substance  is  not  a  metal,  it  is  first 
treated  with  hot  water,  and  if  anything  is  dis- 
solved (which  is  ascertained  by  evaporating  a 
fev/  drops  on  platinum  toil),  the  substance  is 
boiled  two  or  three  times  with  fresh  quantities  of 
water.  Any  residue  which  may  be  left  is  treated 
with  dilute  hydrochloric  acid,  and  afterwards,  if 
necessary,  with  the  concentrated  acid.  Care 
must  be  taken  to  observe  if  any  gas  is  given 
off -e.g.,  carbon  dioxide  (effervescence),  from 
carbonates ;  sulphur  dioxide,  from  siilpliites  or 
thiosulphatcs ;  chlorine,  from  peroxides  or  hy- 
pcchloritcs  ;  hydrocyanic  acid,  from  cyanides  ; 
hydrogen  sulphide,  from  sulphides.  Many 
chlorides  are  insoluble  in  the  strong  acid,  and 
hence  the  solution  must  be  diluted  before  lilter- 
ing.  Any  metals  of  Group  I.  will  be  converted 
into  insoluble  chlorides. 

Any  residue  insoluble  in  hydrochloric  or 
nitric  acids  must  be  treated  with  aqua  regia  (a 
mixture  of  hydrochloric  acid  3  parts,  and  nitric 
acid  1  part)  and  the  excess  of  acid  expelled  by 
evaporation.  Substances  which  are  insoluble 
iir  aqua  regia  are  examined  in  the  dry  way,  or 
converted  into  soluble  compounds.  They  may 
contain  stannic  oxide  ;  crystallised  or  strongly 
ignited  aluminium  or  chromium  oxides ;  silica 
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or  silicates ;  barium  sulphate ;  silver  chloride, 
bromide  or  iodide ;  antimony  trioxide ;  fluor- 
ides. 

Silicates,  insoluble  sulphates,  silver  com- 
pounds, (I'C,  are  fused  with  three  or  four  times 
their  weight  of  a  mixture  of  potassium  and 
sodium  carbonates  in  equal  proportions.  A 
porcelain  crucible  must  be  used  for  silver  or  lead 
compounds.  The  fused  mass,  after  cooling,  is 
treated  with  water,  which  dissolves  out  the  acids 
as  alkaline  salts  ;  the  residue  is  then  dissolved 
in  acids. 

Insoluble  compound  cyanides  are  decomposed 
by  heating  with  strong  sulphuric  acid;  also  by 
treatment  with  potassium  or  sodium  hydroxide, 
which  dissolves  the  acids  as  alkaline  salts,  and 
leaves  the  metals  as  hydroxides  which  are 
soluble  in  hydrochloric  acid. 

When  both  aqueous  and  acid  solutions  have 
been  obtained  from  the  same  substance  the 
analyst  must  use  his  own  judgment  as  to 
whether  they  may  be  mixed  or  should  be 
analysed  separately.  The  latter  course  some- 
times gives  information  as  to  the  distribution  of 
the  acids  and  bases  in  the  original  substance. 
If  the  first  com-se  is  adopted,  it  must  be  borne 
in  mind  that  the  hydrochloric  acid  solution  may 
precipitate  metals  of  Group  I.  from  an  aqueous 
or  nitric  acid  solution. 

Systematic  method  of  examination  in  the 
wet  way. 

The  formation  of  a  precipitate  at  the  proper 
stage  in  the  systematic  separation  is  not  suffi- 
cient proof  of  the  presence  of  a  particular  sub- 
stance ;  some  characteristic  confirmatory  test 
should  always  be  applied.  In  the  course  of  the 
analysis,  observe  carefully  the  colour  of  the 
solutions  at  different  stages  in  the  operation. 
Unnecessary  excess  of  the  group  or  other  re- 
agents should  be  avoided,  but  the  filtrate  from 
a  group  should  always  be  tested  to  make  sure 
that  precipitation  is  complete.  Many  tests 
succeed  only  when  the  proper  proportion  of  tlie 
reagent  is  added,  and  it  should  be  a  rule  always 
to  add  the  reagents  very  gradually.  Group  pre- 
cipitates and  all  other  precipitates  which  have 
to  be  subjected  to  the  action  of  reagents 
should  be  carefully  washed,  but  in  qualitative 
analysis  it  is  not  as  a  rule  desirable  that  the 
washings  should  mix  with  the  iiltrate. 

Note  the  reaction  of  the  solution. 

Test  a  small  portion  of  the  solution  for 
ammonia  by  heating  with  sodium  hydroxide. 

Group  I.— Add  hydrochloric  acid  to  acid  re- 
action. If  no  precipitate,  pass  on  ;  if  a  pre- 
cipitate is  formed,  add  more  acid  to  ensure 
complete  precipitation  or  re-solution  of  the  pre- 
cipitate. Silver,  mercury  (mercurous),  lead, 
thallium,  are  precipitated  as  chlorides ;  iungstcn 
as  tungstic  acid. 

If  the  original  solution  is  alkaline  the  pre- 
cipitate by  hydrochloric  acid  may  consist  of  me- 
tallic sulphides  which  had  been  dissolved  in 
an  alkaline  sulphide.  The  precipitate  will  be 
yellow  or  orange,  and  must  be  examined  like 
the  subdivision  of  Group  II.  Under  these  cir- 
cumstances none  of  the  ordinary  metals  of  the 
first  group  except  tungsten,  and  very  few  of  the 
others  except  those  of  the  fifth  and  sixth  groups, 
can  be  present. 


The  precipitate  may  also  consist  of  insoluble 
silver  salts  which  had  been  dissolved  in  an  al- 
kaline cyanide  or  thiosulphate.  In  this  case  it 
must  be  dried  and  fused  with  the  alkaline  car- 
bonates like  an  insoluble  compound. 

Group  II. — If  the  filtrate  from  Group  I.  con- 
tains nitric  acid  or  nitrates  it  must  be  evaporated 
to  dryness  two  or  three  times  with  small  quan- 
tities of  strong  hydrochloric  acid  in  order  to 
remove  these  compounds,  and  the  residue  re- 
dissolved  in  dilute  hydrochloric  acid.  The 
solution,  which  should  be  moderately  dilute  and 
not  contain  too  much  free  acid,  is  gently  heated, 
and  saturated  with  hydrogen  sulphide.  Mercury 
(mercuric),  lead,  bisvmtli,  copper,  cadmium, 
arsenic,  antimony,  tin,  gold,  platinum  (and  tlie 
platinum  metals),  violybdcnum,  and  selenium 
are  precipitated  as  sulphides.  Prolonged  treat- 
ment with  hydrogen  sulphide  is  required  to  pre- 
cipitate molybdenum  and  the  platinum  metals. 

Giioup  III. — The  filtrate  from  Group  II.  is 
boiled  to  expel  all  hydrogen  sulphide,  and  heated 
with  nitric  acid  to  peroxidise  the  iron.  If  or- 
ganic matter  or  oxalates  are  present,  it  is  eva- 
porated to  dryness,  heated  until  they  ar-e  decom- 
posed, and  the  residue  dissolved  in  dilute  hydro- 
chloric acid.  Any  insoluble  residue  may  be 
silica  or  barium  sulphate. 

The  solution  is  then  mixed  with  ammonium 
chloride  and  a  slight  excess  of  ammonia,  and 
heated  to  boiling.   Aluminium,  iron,  chromium, 
and  beryllium  are  precipitated  as  hydroxides  ; 
uranium  and  cerium  as  salts  or  basic  salts. 
Group  IV. — The  filtrate  from  Group  III.  is 
;  heated  to  boiling,  and  mixed  gradually  with  a 
!  slight  excess  of  ammonium  sulphide.  Zinc, 
[  manganese,  cob.ilt,  and  nickel  are  precipitated 
as  sulphides.     Nickel    sulphide  is  somewhat 
soluble  in  excess  of  the  precipitant. 

If  the  filtrate  is  brown  it  is  slightly  acidified 
with  hydrochloric  acid  ;  vanadium  sulphide, 
(and  nickel)  is  precipitated. 

Giioup  V. — The  filtrate  from  Group  IV.  is 
mixed  with  ammonia  and  ammonium  carbonate. 
,  Calcium,  barium,  and  strontium  are  thrown 
down  as  carbonates. 

Group  VI.— The  filtrate  from  Group  V.  con- 
tains magnesium,  sodium,  a,ndpotassiu>n  (lilliium 
casium,  rubidium). 

The  group  precipitates  are  examined  by  the 
I  following  methods  : — 

Group  I.— The  group  precipitate  is  boiled 
I  with  two  or  three  successive  quantities  of  water, 
j  filtered,  and  the  filtrate  mixed  with  dilute  sul- 
;  phuric  acid  ;  a  white  precipitate  (PbSOJ  indi- 
cates lead.    The  portion  insoluble  in  water  is 
treated  with  strong  ammonia  and  filtered  ;  a 
black  residue  (NHflg^Cl)    indicates  mercury. 
The  ammoniacal  filtrate  is  acidified  with  nitric 
acid  ;   a  white    precipitate    (AgCl)  indicates 
sili'er. 

Group  II. — The  precipitate  is  washed  with 
water  containing  hydrogen  sulphide,  warmed 
with  yellow  ammonium  sulphide  and  filtered 
(A).    This  treatment  is  repeated  once  or  twice. 
The  insoluble  portion  is  treated  with  warm  dilute 
nitric  acid,  and  filtered  (B).    The  residue  in-, 
soluble  in  nitric  acid  is  dissolved  in  aqua  regia, 
:  excess  of  acid  expelled,  and  stannous  chloride 
I  added  ;  white  precipitate  (Hg  CL)  changing  to 
i  grey  (Hg)  indicates  mercury. 
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(A)  The  ammonium  sulphide   solution  is  j 
aciditieil  with  hydrocliloric  acid,  and  tihered. 
The  precipitate  is  gently  warmed  with  a  strong 
solution  of  ammonium  carbonate,  again  filtered, 
and  the  filtrate  acidified  with  hydrochloric  acid ; 
a  yellow  precipitate  =  arsenic  (confirm  by  dry 
tests).     The  portion  insoluble  in  ammonium 
carbonate  is  dissolved  in  strong  hydrochloric  I 
acid,  boiled  to  expel  hydrogen  sulphide,  diluted,  [ 
and  platinum  foil  and  a  piece  of  zinc  free  from  | 
tin  are  introduced.    A  black  stain  on  the  plati-  j 
num  =  antuiiony.    After  a  short  time  the  zinc 
is  removed,  dissolved  in  hydrochloric  acid,  and 
mercuric  chloride  added ;  a  white  precipitate  j 
becoming  grey  =  tin.  j 

(B)  The  nitric  acid  solution  is  evaporated  to  a 
small  bulk  witli  some  sulphuric  acid,  diluted,  and 
filtered.  A  white  residue  (PbSO,)  indicates  lead. 
The  filtrate  is  mixed  with  ammonia  in  slight 
excess,  and  again  filtered ;  a  wliite  precipitate 
(IjifHO)^)  =  bi.yiiiiith.  (confirm  by  dissolving  in  a 
small  quantity  of  hydrochloric  acid  and  pouring 
into  a  large  quantity  of  water).  The  ammo- 
niacal  filtrate  is  blue  =  caliper.  Add  potassium 
cyanide  until  the  solution  is  colourless,  and 
tben  hydrogen  sulphide;  a  yellow  precipitate 
(CdS)  =  cadmium. 

Group  III. — Dry  the  precipitate  and  fuse  on 
platiimm  with  2  parts  pure  sodium  carbonate 
and  I  part  potassium  nitrate.  If  the  fused 
mass  has  a  green  colour,  iitanf/anese  is  present. 
Dissolve  in  water  (if  green  add  a  few  drops  of 
alcohol)  and  filter.  Dissolve  the  residue  (Fe^,0.,) 
in  hydrochloric  acid,  and  add  potassium  ferro- 
cyanide ;  dark-blue  precipitate  =  iron  (ascertain 
state  of  oxidation  from  original  solution).  The 
aqueous  solution  is  divided  into  two  parts,  one 
is  heated  with  excess  of  ammonium  cliloride ; 
a  white  precipitate  (AL(HO)J  indicates  alinni- 
iiiinii;  the  other  is  acidified  with  acetic  acid 
and  tested  with  lead  acetate ;  a  yellow  precipi- 
tate (PbCrO,)  =  clircmium  (ascertain  degree  of 
oxidation  in  original  solution). 

It  the  original  solution  was  acid  this  group 
precipitate  may  contain  metallic  phosphates 
jirecipitated  as  such  on  neutralising  with  am- 
monia. In  this  case  dissolve  a  small  portion  of 
the  precipitate  in  nitric  acid,  and  examine  for 
phosphoric  acid  by  the  molybdic  test.  If  phos- 
phates are  absent,  proceed  as  just  described  ;  if 
present,  proceed  as  follows  : — Examine  one-third 
of  the  precipitate  by  the  preceding  method. 
Dissolve  the  remaining  two-thirds  in  hydro- 
chloric acid,  add  sodium  acetate  in  tolerably 
large  excess,  and  then  ferric  chloride  until  no 
more  precipitate  forms  and  the  solution  acquires 
a  deep-red  colour.  Now  boil,  and  filter  whilst 
hot.  Under  these  conditions  the  ferric  chloride 
precipitates  the  phosphoric  acid,  and  the  metals 
remain  in  solution  as  chlorides.  Examine  the 
filtrate,  which  should  be  quite  colourless,  for  ! 
metals  of  Groups  IV.  and  V.,  and  for  magnesium. 

Group  IV. — Wash  well  with  water  contain- 
ing hydrogen  sulphide,  and  treat  with  cold 
dilute  hydrochloric  acid  (1  :  20).  Filter,  boil  the 
filtrate  to  expel  all  hydrogen  sulphide,  and  add 
potash  or  soda  in  excess;  a  white  precipitate 
(iMn{HO)o)  becoming  brown  on  exposure  to  air 
=  manganese.  To  the  filtrate  from  this  pre- 
cipitate add  ammonium  sulphide ;  a  white  pre- 
cipitate (ZnS)  indicates  sine. 


The  portion  insoluble  in  cold  dilute  hydro- 
chloric acid  is  first  tested  for  cobalt  by  the  uorax 
bead,  and  then  dissolved  in  strong  hydrochloric 
acid  with  the  aid  of  a  few  crystals  of  potassium 
chlorate,  or  in  aqua  regia,  and  concentrated  to 
expel  excess  of  acid.  Pofpsh  or  soda  is  then 
added  to  alkaline  reaction  and  potassium  cyanide 
until  the  precipitate  dissolves.  The  solution  is 
now  boiled  for  some  time  in  a  dish  with  free 
exposure  to  air,  then  mixed  with  sodium  hypo- 
chlorite solution  in  moderately  large  quan- 
tity and  boiled  again  ;  a  black  precipitate 
(Ni.p^.TH^O)  indicates  nickel.  If  cobalt  has  not 
been  found  by  the  borax  bead,  acidify  the  filtrate 
with  hydrochloric  acid,  evaporate  to  complete 
dryness,  heat  the  residue  for  some  time  with  excess 
of  strong  sulphuric  acid,  dilute  with  water,  neu- 
tralise with  ammonia,  add  ammonium  sulphide, 
and  test  with  a  borax  bead  any  precipitate  which 
may  form. 

Group  V. — Dissolve  the  washed  precipitate 
in  hydrochloric  acid,  add  ammonium  sulphate 
in  considerable  quantity,  boil  and  filter.  Neu- 
tralise the  filtrate  with  ammonia,  and  add  am- 
monium oxalate  ;  a  whi  e  precipitate  (CaC^O,) 
=  calcium.  The  precipitate  by  ammonium  sul- 
phate is  boiled  with  a  solution  of  potassium 
carbonate  1  part  and  potassium  sulphate  it 
parts,  filtered  hot,  an<l  the  well-washed  precipi- 
tate treated  with  dilute  hydrochloi'ic  acid.  Any 
insoluble  residue  is  tested  in  the  flame  for 
barium.  The  hydrochloric  acid  solution  is  tested 
in  the  flame,  and  also  mixed  with  calcium  sul- 
phate; white  precipitate  (SrSOJ  forming  slowly 
=  strontium. 

Group  VI.— Part  of  the  filtrate  from  Group 
V.  is  mixed  with  ammonia  and  sodium  phos- 
phate ;  white  preciiiitate  (NHjMgl'Oj)  =  viag- 
iicsium. 

Tlie  remainder  is  evaporated  to  dryness, 
heated  to  exjoel  ammonium  salts,  dissolved  in 
water,  mixed  with  oxalic  acid,  again  evaporated 
to  dryness  and  heated  to  expel  excess  of  the 
acid.  Dissolve  in  water  and  filter;  test  one  part 
of  the  solution  by  flame  test  and  potassium  met- 
antimoniate  for  sodium  ;  the  other  by  flame  test 
and  platinic  chloride  lov  potassium. 

Examination  for  acids. 

(A)  Preliminary.  Mix  the  solid  substance 
with  three  or  four  times  its  volume  of  strong 
sulphuric  acid  and  heat,  taking  care  that  the 
acid  does  not  boil. 

No  a.ciion  - suljyhatr,  pliosphatc,  borate,  sili- 
cate, arsenate,  arsenite. 

Gas  is  evolved  : — 

o.  Colourless. 

Fuming  and  acid,  does  not  etch  ;  chloride. 
Fuming,  acid,  and  etches  glass  ;  fluoride. 
Smell  of  vinegar  ;  acetate. 
Carbon  dioxide,  turns  lime-water  milky  ;  car- 
bonate. 

Carbon  monoxide,  burns  with  blue  flame  ; 
formate,  ferrocyanide. 

Carbon  dioxide  and  monoxide;  oxalate. 

Hydrocyanic  acid  ;  cyanide. 

Sulphur  dioxide,  no  sulphur;  sulphite. 

Sulphur  dioxide,  and  sulphur  precipitated  ; 
thiosulphate. 

Hydrogen  sulphide  ;  sulphide,  iodide. 

^.  Coloured. 
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Violet  vapours  of  iodine  ;  iodide. 
Orange  vapours  of  bromine  ;  bromide. 
Keddish-brown  nitrogen  oxides  ;  nitrite  [ni- 
trate). 

Yellow  and  explosive  chlorine  oxide ;  chlo- 
rate. 

Substance  carbon's9S  and  evolves  carbon 
dioxide  and  monoxide  and  sulphur  dioxide ; 
tartrate,  citrate,  malatc. 

Group  reagents. — Before  testing  a  solution 
for  acids,  boil  with  excess  of  pure  sodium  car- 
bonate to  remove  heavy  metals,  filter,  and  care- 
fully neutralise  with  nitric  acid. 

(B)  Barium  chloride  in  neutral  solution  yields 
(tt)  a  white  precipitate,  insoluble  in  hydro- 
chloric acid  =  sulphate,  hydrofluosilicatc  ;  {ff)  a 
white  precipitate,  soluble  in  hydrochloric  acid 
=  sulphite,  carbonate, phosphate,  oxalate,  borate, 
fluoride,  silicate,  tartrate',  (7)  a  yellow  precipi- 
tate =  cliromate. 

(C)  To  a  portion  of  the  neutral  solution  add 
calcium  chloride  in  excess,  allow  to  stand  for 
some  time  with  occasional  shaking,  and  filter. 
A  white  precipitate  (a)  insoluble  in  acetic  acid 
=  oxalate  [sulphate  in  strong  solutions).  (^) 
soluble  in  acetic  acid  =  phosphate,  borate,  and 
other  acids  precipitated  by  barium  chloride. 

Calcium  tartrate  after  washing  is  soluble  in 
potash,  and  is  re-precipitated  on  diluting  and 
boiling. 

The  filtrate  from  the  precipitate  in  the  cold 
is  boiled  for  some  time  and  filtered  hot ;  a  white 
precipitate  =  ctii'a<fi  [malate  in  strong  solutions). 
The  filtrate  from  this  precipitate  is  allowed  to 
cool  and  is  mixed  with  excess  of  alcohol ;  a  white 
precipitate  =  succinate,  malate. 

(D)  Silver  nitrate  in  neutral  solution 
yields : — 

(0)  A  precipitate  soluble  in  nitric  acid. 

(1)  White  =  oxalate,  borate,  tartrate,  ben- 
zoate,  &c. 

(2)  Yellow  =  phosphate,  arsenite. 

(3)  Brick-red  =  arsenate. 

(4)  Dark-red  =  cJiromate  (soluble  only  in  hot 
strong  nitric  acid). 

(j3)  A  precipitate  insoluble  in  nitric  acid. 

Soluble  in  ammonia  :  White  =  chloride  [hy- 
pochlorite), cyanide,  thiocyanate ;  yellowish-white 
=  bromide  ;  orange-red  =  ferricyanide. 

Insoluble  in  ammonia  :  White  =  ferrocyan- 
ide  ;  yellow  =  iodide ;  black  =  sulphide. 

(E)  Ferric  chloride  in  neutral  solutions 
yields  : — 

(a)  A  colouration :  blood-red  =  acetate, formate 
(precipitate  on  boiling),  thiocyanate  (no  precipi- 
tate on  boiling);  violet  =  saZtc;/Zafe,  thiosulphate 
(fugitive) ;  bluish-black  =  tannate,  gallate  ; 
greenish-brown  =  ferricyanide  (dark-blue  pre- 
cipitate on  adding  stannous  chloride). 

(^)  A  precipitate :  buff  =  benzoatc,  carbonate; 
reddish -brown  =  succinate  ;  white  =  phosphate  ; 
black  =  sulphide  ;  bluish-  or  greenish-black  = 
tannates,  gallates. 

Sulphur  acids.  Detect  sulphates  by  barium 
chloride,  and  sulphides  by  lead  acetate,  &e,. 
Make  part  of  the  solution  slightly  alkaline  with 
potash,  add  zinc  sulphate  in  considerable  ex- 
cess, and  filter.  Test  one  part  of  the  filtrate 
for  thiosulpliate  by  means  of  hydrochloric  aoid ; 
to  the  other  part  add  acetic  acid  till  faintly 
acid,  sodium  nitroprusside  in  small  quantity, 


and  potassium  fen'ocyanide ;  a  pink  precipitate 
indicates  a  sulphite. 

Chlorine,  bromine,  and  iodine.  Place  the 
substance  in  a  small  flask  connected  with  a 
small  bulb  U-tube  containing  a  little  starch 
paste  and  placed  in  a  beaker  of  water.  Add 
water  and  ferric  sulphate  solution  to  the  sub- 
stance in  the  flask,  and  heat  to  boiling.  If 
iodine  is  present,  the  starch  paste  becomes  blue. 
Remove  the  cork,  boil  with  fresh  additions  of 
ferric  sulphate  till  all  iodine  is  expelled.  Now 
add  a  few  crystals  of  potassium  permanganate, 
connect  with  a  bulb  tube  containing  chloroform, 
and  again  boil.  If  bromine  is  present,  the 
chloroform  is  coloured  brown.  Boil  with  addi- 
tion of  more  permanganate  until  all  bromine  is 
expelled,  filter  and  test  filtrate  for  chlorine. 

After  iodine  lias  been  detected  by  means  of 
nitrogen  oxides  in  sulphuric  acid,  evaporate  part 
of  the  solution  to  dryness  with  sodium  carbon- 
ate, fuse  with  ten  times  its  weight  of  potassium 
dichromate  till  all  iodine  is  expelled,  place  in  a 
small  dry  retort,  and  heat  with  strong  sulphuric 
acid.  Part  of  the  distillate  is  agitated  with 
water  and  carbon  bisulphide ;  if  bromine  is  pre- 
sent, the  latter  becomes  orange-red.  The  re- 
mainder of  the  distillate  is  neutralised  with 
ammonia,  and  tested  for  chromic  acid  by  acidi- 
fying with  acetic  acid  and  adding  lead  acetate. 
The  presence  of  chromic  acid  indicates  the  pre- 
sence of  chlorine  in  the  original  substance. 

Other  acids  must  be  detected  by  special  tests. 
Iodine,  and  ferrocyanides  and  ferricyanides  must 
be  removed  before  testing  for  nitrates. 

To  remove  iodine,  ferrocyanic,  ferricyanic, 
and  thiocyanic  acids,  add  excess  of  a  mixture  of 
cupric  and  ferrous  sulphates,  and  filter.  To 
remove  excess  of  copper  and  iron  (which  is  not 
always  necessary)  heat  to  boiling,  add  slight 
excess  of  pure  potash  or  soda,  and  filter. 

To  remove  bromine  and  iodine,  acidify  with 
dilute  sulphuric  acid,  and  boil  with  successive 
additions  of  potassium  permanganate  until  the 
liquid  has  a  faint  permanent  pink  tinge  ;  filter. 

To  remove  hypochlorous  and  nitrous  aeids,- 
acidify  with  dilute  sulphuric  acid,  and  boil. 
Nitrous  acid  can  also  be  decomposed  by  boiling 
with  a  strong  solution  of  ammonium  chloride. 

Special  Eeactions. 

In  the  following  lists  only  the  most  charac- 
teristic and  useful  reactions  have  been  given ; 
negative  reactions,  and  others  not  particularly 
characteristic,  have,  as  a  rule,  been  omitted. 

Metals. 

The  metals  are  arranged  in  the  order  of  their 
occurrence  in  the  systematic  separation. 
Silver. 

On  charcoal,  brilliant-white  malleable  bead, 
soluble  in  nitric  acid. 

Hydrochloric  acid,  a  white  precipitate  (AgCl) ; 
insoluble  in  hot  water  and  in  nitric  acid  ;  soluble 
in  ammonia  and  reprecipitated  by  nitric  acid  in 
excess.  Potassium  chromate,  a  dark-red  pre- 
cipitate (AgCrOj) ;  soluble  in  hot  concentrated 
nitric  acid. 

Lead. 

On  charcoal,  malleable  bead,  soluble  in  nitrio 
acid  ;  oxide  film  yellow  with  white  border. 
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HydrocVoric  acid,  a  white  precipitate 
(PbClJ,  soluble  in  hot  water,  from  which  it 
crystallises  on  cooling;  insoluble  in  ammonia. 
Hydrogen  sulphide,  a  black  precipitate  (PbS), 
insoluble  in  ammonium  sulphide ;  soluble  in 
nitric  acid.  Sulphuric  acid,  a  white  precipitate 
(PbSO,),  soluble  in  hot  dihite  hydrochloric  acid  ; 
insoluble  in  dilute  sulphuric  acid.  Potassium 
chromale,  yellow  precipitate  (PbCrO^),  in- 
soluble in  acetic  acid ;  soluble  in  potassium 
hydroxide. 

Thallium. 

Flame  colouration  intense  green. 

Hydrochloric  acid,  white  precipitate  (TlCl), 
only  slightly  soluble  in  hot  water.  Foiassiiuii 
iodide,  pale-yellow  precipitate  (Til),  even  in 
dilute  solutions.  Sulphuric  acid,  no  precipitate 
(diff.  f.  Pb). 

Tungsten. 

Microcosmic  salt,  colourless  in  OF  ;  blue  in 
I.F.,  becoming  blood-red  on  addition  of  FeSO,. 

Hydrochloric  acid,  a  yellowish-white  precipi  - 
tate (H^WO|),  insoluble  in  excess  of  the  dilute 
acid ;  soluble  in  the  concentrated  acid ;  frag- 
ments of  zinc  added  to  this  solution  produce  a 
blue  colouration.  Stannous  chloride,  a  yellow 
precipitate,  which  becomes  blue  if  mixed  with 
hydrochloric  acid  and  heated. 

Mercury. 

Heated  in  closed  tube  most  mercury  salts 
sublime  ;  heated  with  sodium  carbonate,  a  sub- 
limate of  metallic  mercury. 

Mercurous  salts.  Hydrochloric  acid,  white 
precipitate  (Hg.CL),  insoluble  in  hot  water;  in- 
soluble in  ammonia,  but  blackened  (NH.HgXl). 
Stannous  chloride,  grey  precipitate  (Hg).  Me- 
tallic copper,  becomes  coated  with  mercury, 
which  can  be  sublimed. 

Mercuric  compounds.  Hydrogen  sulphide, 
white  preciisitate,  becoming  red  and  then  black 
(HgS) ;  insoluble  in  ammonium  sulphide  ;  in- 
soluble in  nitric  acid ;  soluble  in  aqua  regia. 
Stannous  chloride,  white  precipitate  (Hg.Cl.,), 
becoming  grey  (Hg)  with  excess  of  the  reagent. 
Potassium  iodide,  scarlet  precipitate  (Hgl.,), 
soluble  in  excess.  Metallic  copper,  as  mercurous 
salts. 

Bismuth. 

On  charcoal,  brittle  bead  ;  oxide  incrusta- 
tion orange-yellow  when  hot,  lemon-yellow 
when  cold. 

Hydrogen  srdphide,  brown  precipitate  (Bi.^S.,), 
insoluble  in  ammonium  sulpliide ;  soluble  in 
nitric  acid.  Ammonia,  white  precipitate 
(B!(H0)3),  soluble  in  hydrochloric  acid.  Water 
in  large  excess  (with  previous  addition  of  am- 
monium chloride  if  chlorides  are  absent),  white 
precipitate  (BiOCl),  soluble  in  hydrochloric  acid; 
insoluble  in  tartaric  acid. 

Copper. 

On  charcoal,  red  malleable  metal.  Borax, 
O.F.  green  hot,  bluish-green  cold  ;  I.F.  colourless 
hot,  brown  cold. 

Hydrogen  sidphidc,  black  precipitate  (CuS), 
insoluble  in  ammonium  sulphide,  and  in  dilute 
sulphuric  acid ;  soluble  in  nitric  acid  and  in 
potassium  cyanide.  Ammonia,  blue  precipitate, 
soluble  in  excess  to  dark-blue  solution.  Potas- 
sium fcrroeyanidc,  chocolate-brown  precipitate, 
insoluble  in  dilute  acids  ;  in  very  dilute  solutions 
colouration  only. 


Cadmium. 

On  charcoal,  brown  incrustation  of  oxide. 

Hydrogen  sulpliide,  yellow  precipitate  (CdS), 
insoluble  in  ammonium  sulphide  and  potassium 
cyanide;  soluble  in  nitric  acid  and  hot  dilute 
sulphuric  acid.  Ammonia,  white  precipitate 
(CdHp  j ,  readily  soluble  in  excess.  Potash  or  soda, 
white  precipitate  (CdH^O.,)  insoluble  in  excess. 

Tin. 

On  charcoal,  white  malleable  bead ;  incrus- 
tation of  oxide,  yellow  hot,  white  cold. 

Stannous  compounds.  Hydrogen  sulphide, 
dark-brown  precipitate  (SnS),  soluble  in  yellow 
but  not  in  colourless  ammonium  sulphide. 
Mercuric  chlorilc,  white  precipitate  (Hg.Cl.,), 
becoming  grey  (Hg). 

Stannic  compounds.  Hydrogen  sulphide, 
yellow  precipitate  (SnSJ,  soluble  in  ammonium 
suljjhide  ;  insoluble  in  ammonium  carbonate  ; 
soluble  in  concentrated  hydrochloric  acid.  Stan- 
nic chloride  boiled  with  copper  becomes  stannous 
chloride.  When  zinc  and  platinum  are  placed 
in  the  solution,  no  black  stain  on  the  platinum  ; 
crystals  of  tin  on  the  zinc. 

Antimony. 

On  charcoal,  white  incrustation  of  oxide. 

Hydrogen  sulph  idc,  omngc  precipitate  (Sb^S^), 
soluble  in  ammonium  sulphide  and  in  concen- 
trated hydrochloric  acid ;  insoluble  in  ammo- 
nium carbonate.  Water  in  excess  (with  ammo- 
nium chloride  if  chlorides  are  absent),  white 
precipitate  (SbOCl),  soluble  in  hydrochloric  acid 
and  in  tartaric  acid.  Zinc  and  platinum,  a 
black  stain  on  tlie  platinum  (Sb),  soluble  in 
nitric  acid  and  in  ammonium  sulphide. 

Arsenic. 

In  open  tube,  white  sublimate  (As^O.j)  in 
microscopic  octahedra  and  tetrahedra.  In  closed 
tube,  with  potassium  cyaniile  and  sodium  car- 
bonate, dark  shining  sublimate  of  metallic  ar- 
senic (ditf.  f.  Sb). 

Hydrogen  sulphide,  yellow  precipitate,  solu- 
ble in  ammonium  sulphide  and  in  ammonium 
carbonate ;  insoluble  in  concentrated  hydrochloric 
acid.  Metallic  copper  boiled  with  the  hquid  after 
acidifying  with  hydrochloric  acid  is  covered  with 
a  shining  grey  deposit  (As._,Cu-),  which,  when 
heated  in  a  tube,  yields  a  sublimate  of  arsenious 
oxide  (Reinsch's  test). 

Arsenites.  Ammonio-silver  nitrate,  yellow 
precipitate  (Ag^AsC),,),  soluble  in  nitric  acid  and 
ammonia.  Ammonio-cupric  sulphate,  bright- 
green  precipitate  (CuHAsO,). 

Arsenates.  Ammonio-silver  nitrate,  brick- 
red  precipitate  (AgiAsOJ,  soluble  in  nitric  acid 
and  ammonia.  Ammonium  chloride,  ammonia, 
and  magnesium  sulphate,  white  crystalline  pre- 
cipitate (NHjMgAsO,). 

When  arsenic  acid  or  arsenates  are  present 
they  should  be  reduced  by  heating  with  sul- 
phurous acid  before  applying  hydrogen  sulphide 
or  Eeinsch's  test. 

Platinum. 

Hydrogen  sidphide,  brown  precipitate  (PlS^) 
on  heating,  soluble  in  ammonium  sulphide. 
Ammonium  chloride  or  potassium  chloride, 
yellow  crystalline  precipitate  (M._,PtClJ,  less  so- 
luble in  presence  of  alcohol. 

Palladium. 

Hydrogen  sulphide,  black  precipitate  (PdS), 
insoluble  in  ammonium  sulphide ;  soluble  in 
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hot  hydrochloric  acid  and  in  aqna  regia.  Potas- 
sium iodide,  black  precipitate  (PdlJ,  somewhat 
soluble  in  excess.  Mercuric  cyanide,  yellowish 
white,  gelatinous  precipitate  (PdCy.j),  readily 
soluble  in  ammonia.  Ammonium  chloride,  no 
precipitate  (diff.  from  Pt).  Potassium  chloride, 
precipitate  (•2KCl.PdCl_,)  only  in  very  concen- 
trated solutions. 
Iridium. 

Hydrogen  sulphide,  decolourisation  followed 
by  brown  precipitate  (Ir^S^),  soluble  in  ammo- 
nium sulphide.  Potash,  a  greenish  colouration, 
which,  on  heating  with  exposure  to  air,  changes 
slowly  to  azure  blue  (diff.  from  Pt).  Ammo- 
nium chloride  potassium  chloride,  dark  brown 
or  red  precipitate  (double  chloride),  insoluble  in 
a  saturated  solution  of  the  precipitant.  Both 
salts  become  olive  green  with  potassium  nitrite 
and  other  reducing  agents,  especially  in  hot 
solutions. 

Gold. 

Ilydro'jcn  sulphide,  black  precipitate  (Au^Sj) 
in  cold,  brown  precipitate  (Au^R)  in  hot,  solu- 
tion ;  soluble  in  yellow  ammonium  sulphide. 
Oxalic  acid  or  ferrous  sulphate,  brown  or  purple 
precipitate,  yellow  and  lustrous  when  rubbed. 
Stannous  and  stannic  chlorides,  purplish  pre- 
cipitate, insoluble  in  hydrochloric  acid. 

Molybdenum. 

Borax  bead,  O.F.  yellowish,  hot  ;  colourless, 
cold  ;  I.F.  brown.  Microcosmic  salt,  O.F.  green, 
hot ;  pale-green,  cold  ;  I.F.  green. 

Hydrogen  sulphide,  brownish-black  precipi- 
tate (l\IoS,,)  on  heating,  soluble  in  ammonium  sul- 
phide. Sodium  ijhosphate  in  presence  of  nitric 
acid,  yellow  precipitate  on  heating,  soluble  in 
ammonia  and  in  excess  of  the  alkaline  phos- 
phate. 

Selenium. 

On  charcoal  in  I.F.,  a  pungent  smell  re- 
sembling horse-radish. 

Hydrogen  sulphide,  yellow  precipitate  be- 
coming dark  on  heating,  soluble  in  ammonium 
suljjhide.  Sulphurous  acid  in  presence  of  hy- 
drochloric acid,  a  red  precipitate  which  becomes 
grey  on  heating  and  is  soluble  in  potassium 
cyanide.  Stannous  chloride  and  other  reducing 
agents  behave  in  a  similar  manner. 

Aluminium. 

On  pilatinum  wire,  with  cobalt  nitrate,  blue 
mass. 

Ammonia,  white  gelatinous  precipitate 
(ALH^O,,),  insoluble  in  excess  and  in  ammonium 
carbonate;  soluble  in  acids.  Potash  or  soda, 
white  gelatinous  precipitate  (A1„H^0^),  soluble 
in  excess  ;  reprecipitated  on  adding  ammonium 
chloride  and  heating. 

Chromium. 

Borax  bead,  O.F.  yellow,  hot ;  green,  cold; 
I.F.  green.  Fused  with  potassium  nitrate  and 
sodium  carbonate,  soluble  yellow  potassium 
chromate  is  formed. 

Chromic  salts.  Ammonia,  greenish  or  pur- 
plish precipitate  {Cr.Mfi^),  soluble  in  acids  ;  in- 
soluble in  ammonium  carbonate.  Potash  or 
soda,  green  precipitate  (Cr.^H.OJ,  soluble  in 
excess,  but  reprecipitated  on  boiling. 

Chromates.  Hydrogen  sulphide,  in  acid  so- 
lution, reduction  to  chromic  salt  with  change  of 
colour  to  green.  Lead  acetate,  bright  yellow 
precipitate  (PbCrOJ,  insoluble  in  acetic  acid. 


Silver  nitrate,  dark  red  precipitate  (AgXrOJ, 
soluble  in  hot  concentrated  nitric  acid. 
Iron. 

On  charcoal,  grey  magnetic  metal.  Borax 
bead,  O.F.  dark  yellow,  hot ;  pale  yellow,  cold  ; 
I.F.  green. 

Ferrous  salts.  Ammonium  sulphide,  black 
precipitate  (FeS),  soluble  in  ajids.  Potash,  soda, 
or  ammonia,  white  precipitate,  rapidly  becom- 
ing green  and  then  brown.  Potassium  ferro- 
cyanide,  white  precipitate,  gradually  becoming 
dark  blue.  Potassium  ferricyaniJe,  dark  blue 
precipitate  Fe3(FeCyj2.  Potassium  thiocyanate, 
no  reaction. 

Ferric  salts.  Ammonium  stilphide,  black  pre- 
j  cipitate  (2  FeS  -I-  S),  soluble  in  acids.  Potash, 
soda,  or  ammonia,  reddish  brown  precipitate 
(Fe^H^OJ,  soluble  in  acids.  Potassium  ferro- 
cyanide,  dark  blue  precipitate  Fe,(FeCy^)3,  in- 
soluble in  dilute  acids.  Potassium  ferricyanide, 
no  precipitate ;  greenish  brown  colouration. 
Potassium  thiocyanate,  blood-red  colouration  ; 
not  affected  by  boiling  nor  by  hydrochloric 
acid. 

Cerium. 

Borax  or  microcosmic  salt,  O.F.  orange  red, 
hot ;  nearly  colourless,  cold  ;  I.P'.  colourless. 

Ammonia,  white  precipitate  of  basic  salt; 
insoluble  in  excess.  I'otash  or  soda,  white  pre- 
cipitate (Ce^H^O^) ;  insoluble  in  excess  ;  becomes 
yellow  when  ex250sed  to  air.  Oxalic  acid,  white 
j  precipitate  (Ce^(C.,0^).f)  ;  insoluble  in  excess  but 
soluble  in  a  large  quantity  of  hydrochloric  acid, 
j  Potassium  sulphate,  white  precipitate  even  in 
somewhat  acid  solutions  (CeK.|(S0_,)3)  ;  insoluble 
in  saturated  solution  of  i3otassium  sulphate. 

Beryllium. 

Ammonia,  white  precipitate  (BeH^O^)  ;  in- 
soluble in  excess.  Potash  or  soda,  the  same 
precipitate ;  soluble  in  excess,  but  reprecipitated 
on  boiling  (diffei'ence  from  Al).  Ammonium 
'  carbonate,  white  precipitate ;  easily  soluble  in 
excess  (difference  from  Al). 

Uranium. 

Borax  bead,  O.F.  yellow,  hot ;  pale  yellow, 
cold  ;  I.F.  green.  Microcosmic  salt,  O.F.  yellow, 
hot  ;  yellowish  green,  cold  ;  I.F.  green. 

Ammonia,  potash,  or  soda,  yellow  precipitate; 
insoluble  in  excess,  but  readily  soluble  in  am- 
monium carbonate.  Ammonium  sulphide,  hrown 
precipitate  ;  readily  soluble  in  ammonium  car- 
bonate. Potassium  ferrocyanide,  chocolate 
brown  precipitate  ;  readily  soluble  in  alkalis. 

Titanium. 

Microcosmic  salt,  O.F.  colourless ;  I.F.  yellow, 
hot;  violet,  cold,  especially  after  adding  a  little 
tin.  If  ferrous  sulx^hate  is  added  the  bead  be- 
comes blood  red. 

Ammonia,  piotash,  soda,  or  ammonium  sul- 
'  ]}hicle,  white  precipitate  H./PiO., ;  insoluble  in 
excess,  soluble  in  dilute  sulphuric  and  hydro- 
chloric acids.  Potassium  ferrocyanide,  dark 
brown  precipitate.  Sodium  tliiosulphate,  com- 
plete precipitation  on  boiling. 

Zinc. 

On  charcoal,  incrustation  of  oxide ;  yellow, 
hot ;  white,  cold.  With  cobalt  nitrate,  green 
mass. 

Ammonium  sw/jj/tirfi?,  white  precipitate  (ZnS), 
soluble  in  dilute  hydrochloric  acid  ;  insoluble  in 
acetic  acid  and  in  alkalis.     Potash  or  soda, 
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white  precipitate  (ZnH^O.,) ;  soluble  in  excess. 
Potassium  ferrocijanide,  white  precipitate  in- 
soluble in  dilute  hydrochloric  acid  (ZUoFeCy,,). 
Manganese. 

Borax  bead,  ormicrocosmic  salt;  O.F.,  violet; 
I.F.,  colourless.  Fused  with  potassium  nitrate  and 
sodium  carbonate,  bluish-green  mass  (K^MnO.,). 

Animoniiiin  sulphide,  pink  precipitate  (MnS) ; 
soluble  in  dilute  hydrochloric  acid  and  in  acetic 
acid.  Potash  or  soda,  white  precipitate  (MnH^O„) ; 
insoluble  in  excess,  becoming  brown  on  exposure 
to  air.  Boiled  with  dilute  nitric  acid  and  lead> 
peroxide  (in  absence  of  chlorine),  a  purplish 
crimson  solution  of  iJermanganic  acid. 

Nickel. 

On  charcoal,  grey  magnetic  metal.  Borax 
head,  O.F.,  reddish  brown  ;  I.F.,  grey  or  colour- 
less. 

Anivioriium  sulphide,  black  precipitate  (NiS) ; 
somewhat  soluble  in  excess  ;  insoluble  in  cold 
dilute  hydrochloric  acid  ;  soluble  in  strong  acids. 
Potash  or  soda,  pale  green  precipitate  (NiH.O.J  ; 
insoluble  in  excess.  Potassium  cyanide,  pre- 
cipitate (NiCy.^)  soluble  in  excess,  forming 
Ni('.y„,'2KCy,  which  is  not  altered  when  boiled 
with  exposure  to  air.  This  solution,  heated 
with  excess  of  sodium  hypochlorite  solution, 
or  mixed  with  bromine  in  the  cold,  yields  a  pre- 
cipitate of  black  nickelic  hydroxide. 

Cobalt. 

On  charcoal,  grey  magnetic  metal.  Borax  or 
microcosmic  salt,  O.F.  or  I.F.,  dark-blue  bead. 

Ammonium  sulphide,  black  precipitate  (CoS)  ; 
insoluble  in  cold  dilute  hydrochloric  acid ; 
soluble  in  strong  acids.  Potash,  pale-blue  pre- 
cipitate (CoH^O.) ;  slightly  soluble  in  excess, 
forming  a  blue  solution.  Potisnum  cyanide, 
precipitate  (CoCyJ ;  soluble  in  excess,  forming 
CoCy_.,2KCy,  and  when  this  solution  is  boiled 
with  exposure  to  air  it  is  changed  to  K.|CoCy„, 
which  is  not  precipitated  by  sodium  hypochlorite 
nor  by  bromine. 

Vanadium. 

Borax  head,  O.F.  yellow,  hot ;  greenish  yellow, 
cold  ;  I.F.  brownish,  hot ;  emerald  green,  cold. 

Ammonium  sulphide,  dark-brown  solution, 
which  when  aciditied  yields  a  brown  precipitate 
(V.,S,).  Ammonium  chloride,  white  precipitate 
of  ammonium  meta-vanadate  (NHjVOj).  Potas- 
sium ftrrocyanide,  in  acid  solution,  a  green 
precipitate.  If  a  solution  of  an  alkaline  vana- 
date is  agitated  with  hydrogen  peroxide  and 
ether,  the  solution  acquires  a  deep  purplish  red 
colour,  but  the  ether  remains  colourless. 

Calcium. 

Flame,  orange  red. 

Ammjuium  carbonate,  white  precipitate 
(CaCOj) ;  soluble  in  acids.  Sulphuric  acid, 
white  precipitate  only  in  very  concentrated  solu- 
tions. Ammonium  oxalate,  white  precipitate 
(CaCPi) ;  insoluble  in  acetic  and  oxalic  acids, 
but  soluble  in  hydrochloric  acid. 

Strontium. 

Fkune,  crimson. 

Ammonium  carbonate,  white  precipitate 
soluble  in  acids  (SrCOj) ;  Ammonium  sulphate, 
white  precipitate,  especially  on  boiling.  Am- 
monium oxalate,  white  precipitate  (SrC.Pj)  ; 
soluble  in  hydrochloric  acid  ;  insoluble  in  acetic 
acid.  Sulphuric  acid  or  calcium  sulphate,  white 
precipitate  (SrSO,),  forming  slowly. 


Barium. 

Flame,  apple  green. 

Ammonium  carbonate,  white  precipitate 
(BaCO^) ;  soluble  in  acids.  Ammonium  oxalate, 
white  precipitate  (BaC.Oj) ;  soluble  in  hydro- 
chloric acid;  insoluble  in  acetic  acid.  Sulphuric 
acid  or  calcium  sulphate,  an  immediate  white 
precipitate,  insoluble  in  acids  and  alkalis.  Po- 
tassium  chromate,  yellow  precipitate  (BaCrOJ  ; 

I  insoluble  in  acetic  acid. 

I  Magnesium. 

!       With  cobalt  nitrate,  a  pink  mass.    No  pre- 
cipitate with  group  reagents.     Sodium  phos- 
phate, in  presence  of  ammonia  and  ammonium 
chloride,  white   precipitate   rapidly  becoming 
j  crystalline  (NH|MgPO|).    Forms  slowly  in  dilute 
j  solutions,  formation  being  accelerated  by  agita- 
tion and  by  rubbing  the  sides  of  the  beaker 
with  a  glass  rod  ;  soluble  in  acids. 
Potassium. 

Flame  colouration,  lavender. 

Platinum  tetrachloride,  yellow  crystalline 
precipitate  K,PtCl,- ;  somewhat  soluble  in  water, 
insoluble  in  alcohol.  Sodium  hydrogen  tartrate, 
in  neutral  or  feebly  acid  solutions,  a  white  crys- 
talline precii)itate  KHCjH|0,.,  forming  slowly  in 
dilute  solutions.  If  the  solution  contains  free 
mineral  acids,  nearly  neutralise  with  soda  and 
'  add  sodium  acetate. 

Ammonium. 

Ammonium  salts  are  readily  volatile.  Heated 
ivith  lime,  potash,  or  soda,  ammonia  gas  is  given 
off,  and  is  recognised  by  its  smell  and  its  action 
I  on  test  paper. 

j       Platinum  tetrachloride,   yellow  crystalline 
precipitate    (NH^.^PtCl^ ;    slightly   soluble  in 
water,  insoluble  in  alcohol.  Sodium  hydrogen  tar- 
whitecrystalline  precipitate  (NH_,HCjH^OJ, 
forming  slowly  in  dilute  solutions. 
Sodium. 

Flame  colouration,  intense  yellow. 

Almost  all  sodium  salts  are  soluble  ;  sodium 
chloride,  obtained  by  slow  evaporation  of  a  so- 
lution acidified  with  hydrochloric  acid,  crystal- 
lises in  distinct  cubes. 

Polassium  metantimoniate,  white  crystalline 
precipitate  (NaSbO^) ;  from  neutral  or  slightly 
alkaline  solutions. 

Lithium. 

Flame  colouration,  crimson. 

Platinum  tetrachloride,  no  precipitate.  So~ 
clium  fhosphate,  white  precipitate  (Li3P04)  ; 
soluble  in  hydrochloric  acid,  not  rejirecipitated 
by  ammonia  except  on  boiling.  Amnioniwn 
hydrogen  fluoride,  a  white  precipitate  (LiF). 

Caesium. 

Flame  colouration,  violet. 

Platinum  tetrachloride,  yellow  crystalline 
precipitate  CsPtCl„ ;  insoluble  in  boiling  wafer. 
Tartaric  acid,  crystalline  precipitate ;  some- 
what soluble  in  water. 

Rubidium. 

Flame  colouration,  violet. 

Platinum  tetrachloride,  yellow-  crystalline  pre- 
cipitate (Rb.^PtCl^) ;  insoluble  in  boiling  water, 
y^fr/flnc  a;(cZ,  white  crystalline  precipitate;  less 
soluble  than  the  caesium  compound. 

Acid  E.'^dicles. 

The  acid  radicles  are  arranged  partly  in  the 
order  of  the  systematic  separation  and  partly 
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with  a  view  to  bring  together  those  acids  which 
are  commonly  associated  or  which  resemble  one 
another  in  their  reactions.  In  all  cases,  unless 
otherwise  specified,  it  is  important  that  the 
solution  should  be  neutral. 
Sulphates. 

Barunn  chloride,  white  precipitate  (BaSOj) ; 
insoluble  in  acids  and  alkalis. 

Sulphates  heated  on  charcoal,  with  sodium 
carbonate  (not  in  a  coal-gas  flame)  are  reduced 
to  sulphides ;  and  if  the  mass  is  placed  on  a 
silver  coin,  and  moistened  with  water,  the  silver 
is  blackened. 

Sulphites. 

Hydrocliloric  acid,  sulphur  dioxide  evolved, 
but  no  sulphur  precipitated.  Barium  chloride, 
white  precipitate  (BaSOs)  ;  soluble  in  hydro- 
chloric acid.  Iodine  solution,  sulphites  are  con- 
verted into  sulphates.  Neutralise,  then  slighily 
acidify  with  acetic  acid  ;  add  excess  of  zinc 
sulphate,  a  small  quantity  of  sodium  nitro- 
prusside,  and  ijotassium  ferrocijanide.  The 
precipitate  of  zinc  ferrocyanide  has  a  pink 
colour. 

Thiosulphates. 

Hydrochloric  acid,  sulphur  dioxide  evolved 
and  sulphur  precipitated.  Silver  nitrate,  white 
precipitate  (Ag^SX)3),  rapidly  changing  to  black 
(Ag^S)  ;  soluble  in  excess  of  alkaline  thiosul- 
phate,  forming  a  much  more  stable  solution. 
With  sodium  nitroprtissidc,  zinc  sulphate,  and 
j>otassiuvi  ferrocyanide,  the  precipitate  is  white. 
Iodine  solution  converts  soluble  thiosulphates 
into  tetrathionates,  which  give  no  precipitate 
with  barium  chloride. 

Thionic  Acids  (y.  C.  J.  Trans.  1880,  608). 

Sulphides. 

Hydrochloric  acid,  in  most  cases  evolution  of 
hydrogen  sulphide,  especially  on  heating.  Lead 
nitrate  or  acetate,  black  precipitate  (PbS). 
Silver  nitrate,  black  precipitate  (Ag^S) ;  in- 
soluble in  ammonia,  sodium  thiosulphate,  and 
potassium  cyanide.  Sodium  nitioprusside,  in 
alkaline  solutions  an  intense  but  somewhat 
fugitive  violet  colouration. 

Phosphates. 

Barium  chloride,  white  precipitate  Ba,(P04).j ; 
soluble  in  dilute  acids.  Calcium  chloride,  white 
precipitate  Ca3(P0j)._,;  soluble  in  acetic  acid. 
Silver  nitrate,  yellow  precipitate  Ag^PO^ ;  soluble 
in  nitric  acid  and  in  ammonia.  Magnesium 
sulphate,  in  presence  of  ammonium  chloride 
and  ammonia,  white  crystalline  precipitate 
NH,MgPO, ;  soluble  in  acids.  Ammonium 
violybdate,  in  nitric  acid  solution,  a  yellow  pre- 
cipitate on  heating ;  soluble  in  ammonia,  and 
soluble  in  excess  of  an  alkaline  phos]phate. 

Phosphites. 

Barium  chloride,  white  precipitate  (BaHPO.j) ; 
soluble  in  hydrochloric  acid.  Silver  nitrate, 
precipitate  of  metallic  silver,  especially  in  pre- 
sence of  ammonia,  and  on  heating.  Mercuric 
chloride,  white  precipitate  {Kq.,C\,^),  becoming 
grey  (Hg).  Heated  with  nitric  acid,  phosphites 
are  converted  into  phosphates. 

Carbonates. 

Hydrochloric  acid,  effervescence,  with  evolu- 
tion of  carbonic  anhydride,  which  turns  lime- 
water  turbid.  Barium  chloride,  white  pre- 
cipitate (BaCOj) ;  soluble  in  acids  with  ellerves- 
cence. 


Borates. 

Barium  chloride,  white  precipitate  in  not  too 
dilute  solutions;  soluble  in  acids. 

Mix  the  solid  substance  with  concentrated 
sulphuric  acid  in  a  small  crucible,  add  alcohol 
and  ignite  ;  the  alcohol  tiame  is  green,  especially 
at  the  edges.  Mix  the  solid  substance  with  three 
parts  potassium  hydrogen  sulphate  and  one  part 
powdered  fluorspar,  and  heat  on  platinum  wire 
in  the  cold  area  of  the  flame ;  a  bright  green 
colouration  (due  to  BF3)  is  observed. 

Silicates. 

Silicic  acid,  or  silica  heated  on  a  bead  of 
microcosmic  salt,  is  not  dissolved,  but  after 
cooling  can  be  seen  under  a  lens  in  the  form 
of  a  skeleton. 

Solutions  of  silicates  heated  with  acids,  am- 
monium chloride,  or  ammonium  carbonate, 
deposit  silicic  acid.  Dilute  solutions  must  be 
evaporated  to  dryness,  and  on  treating  the 
residue  with  dilute  hydrochloric  acid  insoluble 
silica  is  left. 

Most  silicates  are  insoluble  in  water ;  some 
are  decomposed  by  acids  ;  others  are  only  de- 
composed by  fusion  with  about  four  times  their 
weight  of  a  mixture  of  equal  parts  of  sodium 
and  potassium  carbonates. 

Oxalates. 

Barium  chloride  or  calcium  chloride,  white 
precipitate ;  insoluble  in  acetic  acid,  but  soluble 
in  hydrochloric  acid. 

Acidify  with  sulphuric  acid,  and  add  potas- 
sium perman;,'anate  ;  the  colour  of  the  latter  is 
rapidly  and  completely  discharged. 

Heat  the  solid  substance  with  concentrated 
sulphuric  acid ;  carbonic  anhydride  and  car- 
bonic oxide  are  evolved.  The  latter  burns  with 
a  blue  flame. 

Fluorides. 

Barium  chloride,  white  precipitate  (BaF.,) 
soluble  in  hydrochloric  acid.  Silver  nitrate,  no 
precipitate  with  soluble  fluorides.  Concentrated 
sulphuric  acid,  especially  when  heated,  produces 
hydrogen  fluoride,  which  attacks  glass.  The 
substance  and  acid  are  placed  in  a  small  leaden 
or  platinum  crucible,  which  is  covered  with  a 
watch-glass  protected  by  a  thin  coating  of  wax, 
part  of  which  has  been  scratched  away  so  as  to 
expose  the  glass. 

Chlorides. 

Silver  nitrate,  a  white  precipitate  (AgCl) ; 
insoluble  in  nitric  acid,  soluble  in  ammonia ; 
darkens  when  exposed  to  light.  Manganese  di- 
oxide and  sidphuric  acid,  evolution  of  chlorine 
on  heating.  Potassium  dichromate  and  strong 
sulphuric  acid,  e\o\viXion  of  chromyl  dichloride 
on  heating.  This  forms  with  ammonia  a  yellow 
solution  of  ammonium  chromate. 

Bromidss. 

Silver  nitrate,  yellowish  white  precipitate 
(AgBr);  insoluble  in  nitric  acid;  moderately 
soluble  in  ammonia  ;  readily  soluble  in  potassium 
cyanide  or  sodium  thiosulphate.  Manganese 
dioxide  and  sulphuric  acid,  orange  vapours 
of  bromine,  which  turn  starch  paste  orange. 
Chlorine  tvafer  liberates  bromine,  which  dis- 
solves in  ether  or  carbon  bisulphite,  forming  an 
orange  brown  solution.  Bromides  heated  with 
potassium  dicliromate  and  strong  sidphuric  acid 
yield  bromine,  which  forms  a  colcurlcss  solution 
with  ammonia. 
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Iodides. 

Silccr  nitrate,  yellow  precipitate  (AgT) ;  in- 
soluble in  nitric  acid  or  ammonia;  soluble 
in  potassium  cyanide  or  sodium  thio-sulphate. 
Manganese  dioxide  and  sulphuric  acid  yield 
violet  vapours  of  iodine,  which  colour  starch 
paste  blue.  Chlorine  irater,  bromine  water,  or 
2><>tiissiinn  dichroinatc  in  presence  of  lnjclrochloric 
rtfi'/, liberates  iodine,  which  turns  starch  paste  an 
intense  blue.  The  colour  disappears  on  heating, 
and  reappears  on  cooling.  The  liberated  iodine 
may  be  agitated  with  carbon  bisulphide  or  chlo- 
roform, when  it  yields  a  violet  solution.  Nitro- 
gen oxides  in  sulphxiric  acid  likewise  liberate 
iodine ;  but  do  not  liberate  bromine  unless 
added  in  large  excess. 

Cyanides. 

Silver  nitrate,  white  precipitate  (AgCN)  ;  in- 
soluble in  nitric  acid,  but  soluble  in  ammonia, 
sodium  thiosulphate,  or  excess  of  the  alkaline 
cyanide. 

Add  ferric  chloride  and  ferrous  sulphate ; 
make  alkaline  with  potash  or  soda,  and  then 
acidify  with  hydrochloric  acid.  A  dark-blue 
precipitate  of  Prussian  blue  is  formed. 

Evaporate  the  solution  with  an  excess  of 
ye'low  ammonium  sulphide  to  complete  dryness 
on  a  water-bath  ;  dissolve  in  very  dilute  hydro- 
cliloric  acid,  and  add  ferric  chloride  ;  a  blood- 
red  colouration  is  produced. 

Most  cyanides  evolve  hydi'ocyanic  acid,  re- 
cognisable by  the  smell,  when  treated  with 
hydrochloric  or  sulphuric  acid. 

Mercuric  cyanide  cannot  be  recognised  by 
these  tests.  It  yields  cyanogen  when  heated  in 
a  closed  tube,  and  is  decomposed  when  heated 
with  strong  sulphuric  acid. 

Ferrocyanides. 

Silver  nitrate,  white  precipitate  (AgiFeCy,,) 
insoluble  in  nitric  acid  and  in  ammonia  ;  solu- 
ble in  potassium  cyanide.  Ferric  chloride,  dark- 
blue  precipitate  (Fe,(FeCyij)3).  Ferrous  sulphate, 
white  precipitate  rapidly  becoming  blue.  Copper 
sidj^hate,  chocolate-brown  precipitate  (Ca.FeCyj) 
or  in  very  dilute  solution  a  brown  colouration. 

Ferricyanides. 

Silv?r  ni-frate,  orange  precipitate  (Ag.,FeCyJ 
soluble  in  ammonia,  insoluble  in  nitric  acid.  Fer- 
rous sulphate,  dark-blue  precipitate  (Fe.|(FeCy ,.)_,) 
insoluble  in  dilute  acids,  decomposed  by  alkahs. 
Ferric  chloride,  a  greenish -brown  colouration. 

Thiocyanates. 

Silver  nitrate,  white  precipitate  (AgCNS), 
soluble  in  ammonia,  insoluble  in  nitric  acid. 
Ferric  chloride,  blood-red  colouration,  not 
affected  by  boiling  nor  by  hydrochloric  acid  ;  de- 
colourised by  mercuric  chloride.  Copper  sid- 
phate,  a  black  precipitate  changing  to  white 
(Cu_,(CNS).J  on  standing  or  addition  of  a  re- 
ducing agent. 

Nitrates. 

Sulphuric  acid  evolves  nitric  acid  on  heating  ; 
if  metallic  copper  is  added,  red-brown  nitrogen 
oxides  are  given  off. 

The  neutral  solution  is  mixed  with  ferrous 
sulphate,  and  concentrated  sulphuric  acid  is 
poured  down  the  side  of  the  tube  so  as  to  form  a 
layer  at  the  bottom  ;  a  dark-brown  ring  is  formed 
at  the  junction  of  the  two  liquids.  Iodine  and 
bromine  must  be  removed  before  applying  this 
test,  and  the  liijuid  must  be  cold. 


Nitrites. 

Silver  nitrate,  a  white  precipitate  in  concen- 
trated solutions. 

Mix  the  solution  with  potassium  iodide  and 
starch  and  acidify  with  acetic  acid  ;  a  deep-blue 
colouration  is  produced  owing  to  the  liberation 
of  iodine. 

Nitrites  heated  with    dilute    acids  evolve 
nitrogen  oxides. 
Chlorates. 

Heat  a  small  quantity  of  the  solid  with  con- 
centrated sulphuric  acid,  a  yellow  explosive  gas 
is  produced. 

Acidify  the  solution  with  sulphuric  acid,  add 
indigo  solution,  and  then  sulphurous  acid  or  a 
sulphite  drop  by  drop.  The  colour  of  the  indigo 
is  discharged. 

Hypochlorites. 

Silver  nitrate,  a  white  precipitate  of  silver 
chloride.  Lead  nitrate,  a  white  precipitate  be- 
coming orange  red,  finally  brown.  Manganous 
salts,  a  brown  precipitate  (MnO.A'H^O).  Indigo 
solution,  decolourised  even  in  an  alkaline  solu- 
tion. 

Tartrates. 

Calcium  chloride  in  excess,  a  white  pre- 
cipitate (CaC^H|0„),  soluble  in  acids  and  in 
potash  solution.  Complete  precipitation  re(juires 
time,  and  is  promoted  by  vigorous  agitation. 
Potassium  acetate,  in  presence  of  free  acetic 
acid,  a  white  crystalline  precipitate  (KHC|H^O^) 
forming  slowly  in  dilute  solutions.  Silver 
nitrate,  a  white  precipitate  soluble  in  nitric  acid 
or  ammonia.  If  the  washed  precipitate  is  dis- 
solved in  the  least  possible  quantity  of  dilute 
ammonia,  and  the  solution  heated,  the  test  tube 
is  coated  with  a  mirror  of  metallic  silver. 

Citrates. 

Calcium  chloride,  or  lime  water,  in  excess  in 
a  neutral  solution,  a  white  precipitate 

(Ca,(C,H,0,),) 
only  on  boiling.   Potassium  salts,  no  precipitate. 

Malates. 

Calcium  chloride,  no  precipitate  even  on 
boiling,  except  in  strong  solutions  ;  precipitate 
in  dilute  solutions  on  adding  alcohol.  Lime 
xuater,  no  precipitate  even  on  boiling.  Silver 
nitrate,  white  precipitate  (Ag.C|H,Oj),  which 
becomes  grey  on  boiling.  Lead  acetate,  wliite 
precipitate  (PbC,H,0-,),  which  when  washed 
melts  in  boiling  water. 

Succinates. 

Barium  chloride,  or  calcium  chloride,  no 
precipitate  except  after  addition  of  alcohol. 
Ferric  chloride,  reddish-brown  precipitate 
(Fe,(CjH,0,)3),  soluble  in  acids  ;  decomposed  by 
ammonia. 

Benzoates. 

Hydrochloric  acid,  white  crystalline  jjre- 
cipitate  of  benzoic  acid,  slightly  soluble  in 
water.  Ferric  chloride,  a  buff  precipitate 
(Fe.,(C,H-0.,),.)  soluble  in  hydrochloric  acid  with 
liberation  of  benzoic  acid ;  decomposed  by 
ammonia. 

Salicylates. 

Ferric  chloride,  intense  purple  colour;  not 
affected  by  glycerol ;  interfered  with  by  alkalis, 
dilute  mineral  acids,  tartaric,  citric,  and  oxalic 
acids,  and  certain  other  substances  such  as 
borax,  sodium  phospliate,  ammoniumand  sodium 
acetates.    Silver  nitrate,  white  precipitate  in 
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neutral  solutions.    Bromine  water,  ■white  pre- 
cipitate which  with  sodium  amalgam  yields 
phenol. 
Acetates. 

Ferric  chloride,  a  dark-red  colouration,  dis- 
charged on  boiling,  with  precipitation  of  a  basic 
ferric  acetate.  Also  discharged  by  hydrochloric 
acid.  Heated  with  strong  sulphuric  acid,  acetic 
acid  is  evolved.  If  alcohol  is  added,  ethyl 
acetate  is  formed  and  is  recognised  by  the  smell. 

Formates. 

Silver  nitrate,  a  white  precipitate  in  con- 
centrated solutions  ;  the  solution  or  precipitate 
rapidly  becomes  black  (Ag),  especially  on  heat- 
ing. Ferric  chloride,  a  red  colour,  discharged 
on  boiling,  with  precipitation  of  basic  ferric 
formate  :  also  discharged  by  hydrochloric  acid. 

A  solid  formate  heirtod  with  concentrated 
sulphuric  acid  gives  off  carbonic  oxide,  but  no 
carbonic  anhydride. 

Gallic  acid. 

Ferric  chloride  in  neutral  solutions,  a  bluish- 
black  precipitate  or  colouration.  Gelatin  or 
albumen,  no  precipitate.  Potassium  cyanide, 
red  colouration,  which  disappears  on  standing 
but  reappears  on  agitation  in  presence  of  air. 

Tannic  acid. 

Ferric  chloride,  bluish-green  or  bluish-blank 
precipitate  or  colouration.  Gelatin  or  albumen, 
yellowish-white  precipitate.  Potassium  cyanide, 
no  oolouration. 

Quantitative  Analysis. 

A  few  metals  are  separated  and  weighed  in  the 
metallic  condition,  but  the  majority  of  elements 
and  acid  radicles  are  weighed  in  the  form  of 
one  or  other  of  tlieir  compounds.  In  order  that 
a  compound  may  be  available  for  the  determina- 
tion of  one  of  its  constituents,  it  must  be  of  per- 
fectly definite  composition  and  not  highly  hygro- 
scopic or  otherwise  liable  to  alter ;  it  must  be 
insoluble  in  the  liquid  in  which  it  is  formed  and 
insoluble  in  an  excess  of  the  reagent;  it  must  be 
easily  freed  from  impurities  and  capable  of 
being  brought  into  the  proper  condition  for 
weighing  without  tedious  and  complicated  opera- 
tions. It  is  also  desirable  that  tlie  compound 
should  contain  only  a  small  proportion  of  tlie 
constituent  to  be  estimated,  since  the  etTect  of 
the  unavoidable  error  of  experiment  is  thus 
minimised.  An  estimation  of  chlorine  in  the 
form  of  silver  chloride  is  more  accurate  than  an 
estimation  of  silver  in  the  same  way,  since  only 
one-fourth  of  the  error  of  experiment  represents 
chlorine,  whilst  three-fourths  represents  silver. 

The  forms  in  which  metals  are  estimated 
are  somewhat  limited.  A  description  will  first 
be  given  of  methods  which  are  applicable  to 
several  metals,  then  an  alphabetical  list  of 
metals  and  acid  radicles  with  a  summary  of 
methods  available  in  each  case,  followed  by  a 
series  of  methods  of  separation  of  general  appli- 
cability. Special  methods  for  the  analysis  of 
technical  products  will  be  found  under  special 
articles. 

Geneiial  Methods  of  Estimation. 
I.  As  Sulphides. 

(a)  With  previous  firccipitation  by  hijdronen 
Stilpliide.  The  solution  should  be  moderately 
dilute  and  distinctly  acidilied  with  HCl,  but  any 


large  quantity  of  this  acid  must  be  avoided. 
Nitric  acid  and  nitrates  should  be  absent  as  far 
as  possible  ;  if  present  a  much  higher  degree  of 
dilution  is  necessary.  In  most  cases  precipita- 
tion is  accelerated  and  the  precipitate  rendered 
more  granular  by  keeping  the  liquid  warm.  A 
current  of  washed  hydrogen  sulphide  is  passed 
I  through  the  solution  until  it  is  thoroughly 
saturated,  and  the  flask  is  closed  and  allowed 
to  stand  in  a  warm  place  until  the  piecii^itate 
has  settled.  IMolybdenum  and  the  metals  of  the 
;  platinum  group  are  only  completely  precipitated 
after  prolonged  treatment  with  the  gas.  The 
precipitate  is  protected  from  air  as  far  as  pos- 
sible during  filtration,  and  the  liquid  used  for 
washing  should  contain  hydrogen  sulphide  in 
order  to  prevent  oxidation. 

When  arsenic  is  present  the  liquid  should 
be  heated  with  pure  sulphurous  acid  to  reduce 
arsenic  acid,  and  the  excess  of  sulphurous  acid 
expelled  before  treatment  with  hydrogen  sul- 
phide. In  presence  of  antimony,  tartaric  acid 
should  be  added  to  prevent  co-precipitation  of 
basic  antimony  chloride. 

When  copper  is  precipitated  as  sulphide  in 
presence  of  zinc,  the  coyjper  sulphide  should  ba 
washed  once  or  twice  with  dilute  hydrochloric 
acid  of  sp.gr.  1'05  containing  hydrogen  sulphide, 
and  then  with  water  also  containing  the  gas. 

Nitric  acid  may  be  removed  by  evaporating 
two  or  three  times  with  concentrated  hydro- 
chloric acid,  but  this  treatment  is  not  admis- 
sible if  the  metal  present  forms  a  volatile 
chloride. 

(;8)  With  previous  prccip>itation  by  ammonium 
sulphide.  Add  to  the  warm  solution  a  consider- 
able quantity  of  ammonium  chloride,  whicli  is 
found  to  promote  precipitation  and  render  the 
precipitate  more  granular,  then  ammonia  to 
alkaline  reaction,  and  a  slight  excess  of  am- 
monium sulphide.  Close  the  flask  and  allow  to 
stand  in  a  warm  place  until  the  precipitate  has 
settled.  Protect  from  air  as  far  as  possible 
during  filtration  and  wash  with  water  containing 
ammonium  chloride  and  a  little  ammonium  sul- 
phide or  hydrogen  sulphide. 

The  precipitated  sulphide  is  treated  in  one 
of  two  ways.  It  is  collected  on  a  weighed  filter, 
dried  at  a  definite  temperature  and  weighed  ;  or 
it  is  heated  witli  sulphur  in  a  current  of  hydro- 
gen and  then  weighed. 

In  the  first  case  it  is  essential  to  ensure  the 
absence  of  co-precipitated  sulphur,  and  for  this 
purpose  the  dried  precipitate  is  treated  with 
pure  carbon  bisulphide  and  again  dried,  or  in 
the  case  of  cadmium,  mercury,  or  bismuth  the 
moist  precipitate  is  treated  with  a  warm  con- 
centrated solution  of  sodium  sulphite,  again 
washed,  and  dried. 
I       When  the  sulphide  is  stable  at  a  moderately 
j  high  temperature  and  is  not  reduced  by  hydro- 
I  gen,Eose's  method  is  employed.   The  dry  preci- 
pitate is  separated  from  the  filter,  which  is  then 
burnt,  and  the  j)recipitate  and  filter  ash  are  in- 
troduced into  a  porcelain  crucible  and  mixed 
with  pure  finely  powdered  sulphur.  The  crucible 
is  provided  with  a  perforated  lid,  through  which 
passes  a  porcelain  tube  connected  with  a  hydro- 
1  gen  apparatus.    A  current  of  purified  and  dried 
I  hydrogen  is  passed  into  the  crucible,  which  is 
[  gradually  heated  to  full  redness  until  excess  of 
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Eiilpliur  is  expelled,  allowed  to  cool  in  a  current 
of  hydrogen,  and  weighed. 

II.  As  Oxide. 

(a)  With  jjrevious  precipitation  as  hydroxide. 
The  solution  is  mixed  with  ammonium  chloride, 
heated  to  boiling,  and  ammonia  added  in 
slight  excess.  A  large  excess  of  ammonia  will 
partially  redissolve  some  of  the  precipitate  and 
must  be  expelled  by  boiling.  The  precipitate  is 
washed  with  hot  water. 

If  ammonia  is  inadmissible,  pure  potash  or 
soda  is  used  as  the  precipitant.  Excess  of 
alkali  must  be  avoided,  and  the  precipitate  must 
be  very  thoroughly  washed,  since  small  quanti- 
ties of  alkali  are  somewhat  firmly  retained. 

In  both  cases  it  is  better  to  precipitate 
in  a  porcelain  or  platinum  vessel  than  in 
glass. 

Non-volatile  carbon  compounds,  such  as  sugar, 
glycerol,  alkaline  tartrates  and  citrates,  &c., 
more  or  less  completely  prevent  precipitation  of 
hydroxides  by  potash,  soda,  or  ammonia,  and 
hence  must  first  be  removed  by  calcination. 

(;8)  With  previous  precipitation  as  carbonate. 
The  solution  is  nearly  neutralised,  heated  to 
boiling,  and  mixed  with  a  slight  excess  of 
sodium  carbonate,  boiling  being  continued  until 
all  carbon  dioxide  is  expelled.  The  precipitate 
is  washed  with  hot  water.  Ammonium  car- 
bonate can  be  used  in  some  cases  and  has  the 
advantage  of  not  introducing  a  fixed  alkali. 
In  these  cases  the  precipitate  should  be  washed 
with  water  containing  a  little  ammonia  and  am- 
monium carbonate. 

The  precipitated  hydroxide  or  carbonate  is 
placed  in  a  crucible  (with  previous  separation 
from  the  filter  paper  if  the  metal  is  easily  re- 
ducible) and  is  gradually  heated  to  full  redness, 
care  being  taken  that  no  reducing  gases  from  the 
flame  enter  the  crucible.  Oxides  of  reducible 
metals  must  be  heated  in  a  porcelain  crucible, 
but  in  other  cases  a  platinum  crucible  may  be 
iissd  with  advantage.  If  carbonates  (or  oxalates) 
are  being  converted  into  oxides,  it  is  important 
to  secare  a  circulation  of  air  in  order  to  remove 
carbon  monoxide  and  carbon  dioxide  as  fast  as 
they  are  given  oft',  and  thus  accelerate  decom- 
position. This  is  done  by  inclining  the  crucible 
and  placing  the  lid  across  the  mouth  in  a  slant- 
ing position. 

III.  As  reduced  Metals. 

(o)  In  some  cases  the  metal  is  precipitated 
as  oxide,  which  is  then  dried  and  heated  in 
hydrogen  as  in  Rose's  method  for  sulphides,  the 
reduced  metal  being  cooled  in  hydrogen  and 
weighed.  This  method  is  especially  valuable 
when,  as  in  the  case  of  cobalt,  the  oxide  obsti- 
nately retains  small  quantities  of  alkali,  which 
however  can  readily  be  removed  from  the  re- 
duced metal  by  washing  with  water. 

(/3)  The  other  method  is  to  mix  the  oxide, 
carbonate,  &c.,  with  five  or  six  times  its  weight 
of  ordinary  potassium  cyanide,  and  heat  in  a 
capacious  porcelain  crucible,  at  first  cautiously 
and  afterwards  to  complete  fusion.  When  re- 
duction is  complete  the  crucible  is  allowed  to 
cool,  and  is  tapped  occasionally  to  promote  the 
collection  of  the  reduced  metal  in  a  single  button. 
The  cyanide  is  removed  by  treatment  with  water, 
the  metal  washed,  dried,  and  weighed.  Care 
Bhould  be  taken  that  it  is  not  mixed  with  small 


fragments  of  porcelain  resulting  from  the  corro- 
sion of  the  crucible. 
IV.  As  Sulphate. 

Barium,  strontium,  and  lead  are  precipitated 
from  solutions  in  the  ordinary  way,  but  other 
metals  are  converted  into  sulphate  by  treat- 
ment with  the  strong  a^'id,  the  method  being 
only  available  when  a  single  metal  is  present 
in  combination  with  a  volatile  acid.  The  highly 
concentrated  solution,  or  better,  the  solid  sub- 
stance, is  mixed  cautiously  with  concentrated 
sulphuric  acid  in  a  platinum  crucible  and  then 
gently  heated  to  expel  excess  of  acid,  the 
crucible  being  inclined  and  the  lid  placed  in  a 
slanting  position  across  its  mouth.  A  large 
excess  of  acid  should  be  avoided,  and  care 
must  be  taken  that  the  temperature  is  sutii- 
cient  to  expel  the  excess  of  free  acid  but  not 
suiiicient  to  decompose  the  sulphate.  Sulphates 
of  the  alkalis  and  alkaline  earths  may  be  heated 
to  redness.  Bismuth  sulphate  and  zinc  sulphate 
decompose  if  heated  above  400° ;  magnesium 
sulphate  is  not  decomposed  at  450'-',  nor  barium 
or  lead  sulphate  at  500°  (G.  H.  Bailey).  A  tem- 
perature of  about  350°  is  required  to  expel  the 
last  traces  of  free  sulphuric  acid.  With  lead  or 
bismuth  sul25hate  a  porcelain  vessel  must  be  used. 

DbTEKMIXATION   of   MET.tLS  AND  AciD  EaDICLES. 

Details  of  operations  will  be  found  under 
General  Methods  of  Estimation  {v.  p.  122). 
Aluminium. 

(a)  As  oxide,  with  previous  precipitation  with 
ammonium  sulphide,  ammonium  carbonate,  or 
as  basic  acetate  (;'.  Methods  of  Separation). 

(h)  As  phosphate.  The  solution  is  nearly 
neutralised,  mixed  with  sodium  acetate  and  a 
small  quantity  of  acetic  acid,  heated  to  boiling, 
sodium  phosphate  added  in  excess,  and  the  preci- 
pitate washed  with  hot  water,  heated,  and  weighed 
as  aluminium  phosphate  AlPO^. 

Ammoriiuai. 

(«)  ks  platinochloride  (NHJ,PtCl,.  (v.  Potas- 
sium). The  platinic  chloride  solution  should 
be  added  before  the  liquid  is  heated,  and  evapo- 
ration should  not  quite  be  carried  to  complete 
dryness. 

(b)  By  distillation  («.  AciniMETin'). 
Antimony. 

(a)  ks  sulpliide,  S1)_,S.,  (r.  I.).  The  precipitate, 
is  collected  on  a  weighed  filter,  dried  at  100- ,  and 
weighed.  An  aliquot  part  is  then  placed  in  a 
porcelain  boat,  and  heated  in  a  glass  tube  in  a 
current  of  dry  carbonic  anhydride  until  it  be- 
comes black  and  all  admixed  sulphur  is  expelled. 
The  loss  of  weight  is  calculated  to  the  whole 
quantity  and  deducted  from  the  weight  at  100°. 

(b)  ksoxide,  Sb^O  |,  with  previous  precipitation 
as  sulphide.  The  sulphide  Is  placed  in  a  jjorcelain 
crucible  and  treated  with  fuming  nitric  acid 
boiling  at  80°  until  completely  oxidised,  the 
excess  of  acid  expelled,  and  the  residue  heated 
with  partial  exposure  to  air  until  the  weight  is 
constant.  The  sulphide  may  also  be  mixed  with 
30  to  50  times  its  weight  of  precipitated  mer- 
curic oxide  and  heated  cautiously  until  all 
vapours  cease  to  come  olf. 

Arsenic. 

(rt)  As  sulphide,  ksji.,  {v.  I.),  which  isdried  at 
100°.  The  dry  precipitate  should  volatilise  com- 
pletely when  heated. 
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Arsenic  acid  is  estimated  as  magncsitim 
pyro-arsciiaic,  Mg^As^O,,  in  the  same  way  as 
phosphoric  acid  (which  see).  The  filter  paper  is 
moistened  with  a  solution  of  ammonium  nitrate 
and  dried  before  burning,  in  order  to  prevent  re- 
duction (Keichel).  It  can  also  be  estimated 
indirectly  by  means  of  standard  iodine  solution. 

Arsenious  acid,  by  standard  iodine  solution 
{v.  Volumetric  Mctlwds). 

Barium. 

(a)  As  sulphate,  BaSO^,  by  precipitation  with 
sulphuric  acid  (i'.  Sulplmric  acid). 

(b)  As  carbonate,  BaC03,  which  may  be  dried 
at  a  temperature  below  dull  redness  after 
moistening  the  filter  ash  with  ammonium  car- 
bonate {v.  Methods  of  Sejwration,  p.  128). 

(c)  As  siiicofluoride  {v.  Metliods  of  Separa- 
tion). 

Beryllium. 

(a)  As  oxide,  BeO,  with  previous  precipitation 
by  ammonia  or  ammonium  sulphide,  but  not 
6oda,  potash,  or  anuuonium  carbonate. 

Bismuth. 

(a)  As  oxide,  Bi.jOj,  after  precipitation  with  a 
slight  excess  of  ammonium  carbonate.  In  pre- 
sence of  chlorides  or  sul[)hates  the  precipitate 
will  contain  basic  chloride  or  sulphate,  and  in 
this  (or  in  any  other)  case  the  bismuth  may  be 
precipitated  as  sulphide,  which  is  oxidised  in 
the  crucible  by  fuming  nitric  acid  boiling  at  86"^, 
and  then  heated. 

(fc)  As  sulphide,  Bi^S^,  which  is  dried  at  100° 
and  weighed  at  intervals  of  20-30  minutes.  The 
weight  first  decreases  owing  to  loss  of  water, 
and  then  increases  owing  to  oxidation ;  tlie 
minimum  weight  is  taken  as  correct. 

(c)  As  jnctallic  bismuth  {v.  III.). 

(d)  Volumetrically  by  potassium  bichromate. 
Cadmium. 

(a)  As  sulphide,  CdS,  which  is  dried  at  100°, 
{b)  Volumetrically  by  potassium  permanga- 
nate. 

Calcium. 

(a)  As  oxide,  CaO,  after  precipitation  with 
ammonium  carbonate  or  ammonium  oxalate. 
In  the  latter  case  the  solution  is  made  alkaline 
with  ammonia,  heated  to  boiling,  and  mixed  with 
excess  of  ammonium  oxalate.  The  precipitate 
is  washed  with  hot  water  and  strongly  heated 
until  its  weight  is  constant. 

Chromium  as  chromic  salts. 

(a)  As  oxide,  Cv.X)-^,  after  precipitation  by 
ammonia,  or  better,  ammonium  sulphide. 

(h)  As  phosphate  in  the  same  way  as  alu- 
minium. 

Chromium  as  chromic  acid. 
•  (a)  As  oxide,  Cr^j.  The  solution  is  neutral- 
ised, heated  to  boiling,  and  mixed  with  excess  of 
a  neutral  solution  of  mercurous  niti-ate  free  from 
nitrous  acid.  The  precipitate  is  washed  with  hot 
water  containing  mercurous  nitrate  and  heated 
to  redness  in  a  porcelain  crucible  until  all  mer- 
curial vapours  are  expelled.  The  mercurous 
chromate  yields  chromic  oxide. 

(b)  Volumetrically.  The  solution  is  acidified 
with  sulphuric  acid,  mixed  with  a  measured 
excess  of  a  standard  solution  of  ferrous  sulphate, 
and  the  excess  of  iron  determined  by  means  of 
standard  potassium  bichromate  Cr03  =  Fe3. 

When  chromic  salts  and  chromates  occur 
together,  the  chromic  acid  is  estimated  volu- 


metrically, and  the  total  chromium  is  determined 
as  oxide  in  another  portion  of  the  solution  after 
reducing  the  chromic  acid  by  treating  with  sul- 
phurous acid  or  alcohol. 
Cobalt. 

(a)  As  metallic  cobalt,  after  precipitation  as 
hydroxide  by  soda  or  potash  (v.  III.  a).  The 
solution  must  be  free  from  ammonium  salts  or 
all  ammonia  must  be  expelled  by  boiling.  The 
precipitate  retains  traces  of  alkali,  and  m  accurate 
estimations  the  reduced  metal  should  b^  washed 
with  water,  dried,  and  again  heated  in  hydrogen. 

(6)  sulpliate,Co'&Of,  after  precipitation  as 
sulphide,  which  is  treated  with  nitric  acid  and 
then  with  sulphuric  acid  {v.  IV.).  If  the  heated 
sulphate  is  at  all  black  it  must  be  treated  again 
with  sulphuric  acid. 

Copper. 

(a)  As  citprous  sulphide,  Cn.B,  using  Eosc's 
method,  with  previous  precipitation  as  cupric 
sulphide  by  hydrogen  sulphide. 

.  (6)  As  oxide  after  precipitation  by  potash  or 
soda  in  absence  of  ammonium  salts. 

(c)  As  cuprous  thiocijanate,  CuCNS.  The 
solution,  which  must  contain  no  free  nitric  acid, 
is  slightly  acidified  with  hydrochloric  acid, 
heated  to  boiling,  and  mixed  gradually  with  an 
excess  of  a  moderately  strong  solution  of  equal 
parts  of  ammonium  or  potassium  thiocyanate  and 
sodium  hydrogen  sulphite.  When  cold  the  pre- 
cipitate is  collected  on  a  weighed  filter,  washed  with 
cold  water  and  dried  at  100°.  The  precipitate 
may  also  be  converted  into  cuprous  sulphide 
by  Kose's  method.  Cuprous  thiocyanate  is  not 
quite  insoluble,  especially  in  presence  of  much 
free  acid. 

(d)  Volumetrically,  and 

(e)  Electrolytically. 
Gold. 

As  metallic  gold.  Nitric  acid  is  removed 
by  evaporation  with  hydrochloric  acid.  The 
solution  is  acidified  with  hydrochloric  acid, 
mixed  with  a  large  excess  of  ferrous  sulphate 
solution,  and  heated  gently  for  a  few  hours ;  or  it 
is  acidified  with  sulphuric  acid,  mixed  with 
oxalic  acid,  and  allowed  to  stand  in  a  warm  place 
for  several  hours.  The  precipitate  is  collected 
on  a  weighed  filter,  washed  and  dried. 

Iron. 

(ft)  As  ferric  oxide,  Fe.^0.j,  after  precipitation 
by  ammonia,  potash,  or  soda,  or  as  basic  carbon- 
ate or  basic  acetate.  The  oxide  is  heated  to 
redness  until  its  weight  is  constant ;  if  heated 
at  a  higher  temperature  it  is  partially  converted 
into  ferroso-ferric  oxide,  Fe^O,. 

(b)  As  sulphide,  by  Kose's  method,  after  pre- 
cipitation by  ammonium  sulphide. 

(c)  Volumetrically  by  potassium  perman- 
ganate or  bichromate. 

When  ferrous  and  ferric  salts  exist  in  solution 
together,  the  total  iron  is  determined  in  an 
aliquot  portion  by  completely  oxidising  by  nitric 
acid  or  bromine  water  and  precipitating  as  ferric 
oxide,  or  by  completely  reducing  and  titrating 
with  permanganate  or  bichromate.  The  ferrous 
iron  is  determined  in  another  part  by  perman- 
ganate or  bichromate.  If  the  substance  is  solid 
it  is  dissolved  in  acid  in  an  atmosphere  of  car- 
bonic anhydride  and  the  ferrous  salt  determined 
by  titration.  Silicates  and  similar  substances 
arc  heated  in  sealed  tubes  at  200°  with  a  mixture 
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of  strong  sulpliuric  acid  (4  paits)  and  water  (1 
■part),  and  the  solution  titrated  with  jjermau- 
ganate. 
Lead. 

{a)  ks  sulphate,  VhfiO,.  The  solution,  which 
should  not  be  dilute,  is  mixed  with  dilute  sul- 
phuric acid  and  twice  its  volume  of  alcohol,  and 
allowed  to  stand,  and  the  prcciijitate  is  washed 
with  alcohol.  If  the  addition  of  alcohol  is  in- 
admissible the  solution  is  evaporated  to  small 
bulk,  mixed  with  a  large  excess  of  dilute  sul- 
phuric acid,  and  allowed  to  stand.  The  pro- 
cipitate  is  washed  with  dilute  sulphuric  acid  and 
afterwards  with  alcohol  to  remove  all  free  acid. 

(6)  As  sulphide,  PbS,  by  hydrogen  sulphide 
and  liose's  method. 

(c)  As  oxide,  PbO,  after  precipitation  by 
ammonium  carbonate,  avoiding  the  presence  of 
an  excess  of  ammonium  salts. 

(d)  As  metal. 

(r)  Volmnetrically  by  permanganate. 
Magnesium. 

(a)  Ay,  p!/rophos2}lMtc,  MgP.jO,.  The  solution 
is  mixed  with  annnonium  chloride  in  sufficient 
quantity  to  prevent  precipitation  by  ammonia, 
made  strongly  alkaline  with  ammonia,  and 
then  mixed  with  excess  of  sodium  phosphate,  or, 
better,  ammonium  phosphate  or  microcosmic 
salt.  Care  should  be  taken  to  avoid  rubbing  or 
scratching  the  sides  of  the  vessel.  The  liquid 
is  allowed  to  stand  for  a  few  hours,  filtered,  and 
the  precipitate  washed  with  a  mixture  of  strong 
ammonia  (1  part)  and  water  (.5  parts)  until  the 
washings  give  only  a  faint  opalescence  with 
silver  nitrate  after  acidifying  with  nitric  acid. 
The  precipitate  is  dried,  cautiojisly  heated  in 
aplatinum  crucible  until  all  ammonia  is  expelled, 
and  then  heated  to  redness  until  the  weight  is 
constant.  If  the  precipitate  is  black,  owing  to 
partial  reduction,  it  is  moistened  with  a  few  drops 
of  strong  nitric  acid  and  again  heated  until  per- 
fectly white. 

Manganese. 

(a)  As  sulphide,  MnS,  by  Eose's  method  after 
precipitation  by  ammonium  sulphide. 

(b)  As  oxide,  Mn.,0.,,  after  precipitation  by 
soda  or  potash  or  by  sodium  carbonate,  ammo- 
nium salts  being  absent. 

(c)  As  pyrophosphate,  MnP^Oj  (v.  Magna- 
si7nn). 

Mercury  (as  mercurous  compounds). 

(rt)  As  mereurous  cJdoride,  Hg^Clo.  The 
dilute  cold  solution  is  mixed  with  a  solution  of 
sodium  chloride  in  slight  excess,  and  the  pre- 
cipitate is  collected  on  a  weighed  filter  and  dried 
at  100°. 

Mercury  (as  mercuric  compounds). 

(a)  As  sulphide,  HgS,  which  is  dried  at  100° 
after  precipitation  by  hydrogen  su'phide. 

[b)  An  ine!xuiv2is  chloride,  Kg.CL.  The  solu- 
tion is  mixed  with  excess  of  hydrochloric  acid 
and  phosphorous  acid  (made  by  allowing  phos- 
phorus to  oxidise  slowly  in  moist  air),  and  allowed 
to  stand  in  a  warm  place  for  twelve  hours.  The 
precipitate  is  collected  on  a  weighed  filter  and 
dried  at  100°. 

Molybdenum. 

(rt)  As  lead  mohjbdate,  PbMoO.,.  The  solu- 
tion is  heated  to  boiling,  mixed  with  excess  of 
lead  acetate,  and  boiled  for  a  few  minutes.  The 
precipitate  is  washed  with  hot  water,  dried  at 


100',  and  hectcd  to  low  redness  in  a  porcelain 
crucible. 

(6)  As  the  oxide,  MoO...  The  solution  ig 
neutralised  with  nitric  acid,  mixed  with  excess 
of  a  neutral  solution  of  mercurous  nitrate,  the 
precipitate  washed  with  mercurous  nitrate  solu- 
tion, dried,  and  heated  in  Eose's  apparatus  in  a 
current  of  hydrogen  until  the  weight  is  constant. 

Nickel. 

(a)  As  oxide,  NiO,  after  precipitation  by 
potash  or  soda  in  absence  of  ammonium  salts  ; 
or  after  precipitation  by  ammonium  sulphide 
thoroughly  saturated  with  hydrogen  sulphide, 
the  nickel  sulphide  being  dissolved  in  aqua  regia 
and  the  solution  precipitated  by  soda  or  potash. 

(6)  Elcetrolytically. 

Platinum. 

{a)  As  victal.  The  solution  of  platinic 
chloride  free  from  excess  of  acid  is  precipitated 
by  ammonia,  or,  better,  ]iotassium  chloride  (v. 
Potassium),  and  the  precipitate  is  filtered  by 
Gooch's  method  or  through  a  plug  of  thoroughly 
dried  asbestos  contained  in  a  weighed  tube.  The 
in'ecipitate  is  dried,  heated  to  redness  in  a 
current  of  hydrogen,  washed  with  water  to  re- 
move alkaline  chloride,  again  dried,  and  weighed. 

Potassium. 

(a)  As  platinochloride,  K.PtCl,,.  The  solu- 
tion, which  must  contain  the  polassium  in  the 
form  of  chloride  and  be  free  from  acid,  is  mixed 
with  excess  of  platinic  chloride  and  evaporated 
to  dryness  on  the  w-ater-bath.  Tne  crystalline 
residue  is  washed  with  strong  alcohol,  without 
breaking  the  crystals,  until  the  washings  (which 
at  first  must  be  orange,  showing  the  presence  of 
excess  of  platinum)  are  colourless.  The  pre- 
cipitate is  left  in  the  evaporating  dish  and  the 
washings  are  poured  through  a  small  filter. 
When  washing  is  complete  the  precipitate  is 
transferred  to  a  weighed  porcelain  crucible  by 
means  of  a  jet  of  alcohol  from  a  wash-bottle,  and 
the  alcohol  is  decanted  off  through  the  filter. 
The  precipitate  in  the  crucible  is  dried  first  at 
70^  till  most  of  the  alcohol  is  expelled  and  then 
at  100°  for  half  an  hour.  The  filter  is  dried,  and 
any  precipitate  is  detached  from  the  pajjer  as 
far  as  possible  and  added  to  the  contents  of  the 
crucible,  which  is  then  weighed.  The  filter  is 
burnt,  and  the  ash  allowed  to  fall  into  the 
crucible,  which  is  again  weighed.  The  increase 
in  weight  is  filter  ash  and  metallic  platinum. 
The  amount  of  platinochloride  corresponding 
with  the  latter  is  calculated  and  added  to  the 
weight  of  the  precipitate. 

Selenium. 

As  selenium.  The  solution  is  strongly  acidi- 
fied with  hydrochloric  acid,  mixed  with  excess 
of  sulphurous  acid  or  sodium  hydrogen  sul- 
phite, and  boiled  for  about  fifteen  minutes. 
The  precipitate  is  collected  on  a  weighed  filter 
and  dried  at  a  temperature  below  100°.  Solu- 
tions of  selenium  containing  hydrochloric  acid 
cannot  safely  be  concentrated  by  evaporation 
except  in  presence  of  a  large  quantity  of  alkaline 
chlorides,  which  prevent  the  volatilisation  of  the 
selenium  as  chloride. 

Silver. 

(a)  As  chloride,  AgCl,  or  bromide,  AgBr.  The 
solution  is  acidified  with  nitric  acid,  heated  to 
boiling,  and  mixed  with  a  slight  excess  of  sodium 
chloride  or  potassium  bromide.    Estimation  as 
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bvomitle  is  to  be  rccommonJeil,  since  silver 
f:hloiide  is  not  quite  insoluble  in  pure  water. 
The  precipitate  is  washed  with  hot  water,  dried, 
detached  from  the  paper  as  far  as  possible, 
transferrf  d  to  a  porcelain  crucible,  and  dried  at 
150^,  or  heated  slowly  until  it  shows  signs  of 
fusion  at  the  edges,  and  weighed.  The  filter  is 
burnt  and  the  ash  added  to  the  crucible,  which 
is  again  weighed.  The  increase  in  weight  is 
iilter  ash  and  metallic  silver.  The  quantity  of 
bromide  or  chloride  corresponding  with  the 
latter  is  calculated  and  added  to  the  weight  of 
the  precipitate. 

(6)  Volmnetricalbj  (v.  Silrcr). 

(c)  Electrolytically. 

Sodium  is  weighed  in  the  form  of  chloride 
together  with  any  potassium  which   may  be  j 
present,  and  is  estimated  by  difference,  or  it  may 
be  estimated  directly  as  suli^hate  or  chloride  if 
potassium  is  absent. 

Strontium. 

(a)  ks,sid];ilicitc,^x'iiO^.  The  solution,  which 
must  contain  but  little  free  acid,  is  mixed  wiih 
excess  of  dilute  sulphuric  acid  and  at  least  an 
equal  volume  of  alcohol,  and  the  precipitate  is 
washed  with  alcohol.  If  alcohol  cannot  be  used 
a  much  larger  excess  of  sulphuric  acid  is  added 
and  the  precipitate  is  washed  with  cold  water, 
but  the  results  are  less  exact. 

(6)  As  carbonate,  SrCO^  (which  must  not  be 
heated  too  strongly)  after  precipitation  by  am- 
monium carbonate. 

Thallium. 

(a)  As  thallons  iodide  Til.  The  solution  is 
heated  with  sulphurous  acid  to  reduce  all  the  I 
thallium  compounds  to  thallous  salts,  allowed  to 
cool,  and  then  mixed  with  excess  of  potassium 
iodide.  The  precipitate  is  washed  with  dilute 
alcohol,  and  dried  on  a  weighed  filter  at  100^. 

Tin. 

(a)  As  oxide,  SnO„  which  is  obtained  when 
tin  or  one  of  its  alloys  is  treated  with  nitric  acid. 
The  solution  is  boiled  for  ten  minutes  to  ensure 
complete  precipitation,  and  the  precipitate  is 
digested  for  an  hour  with  dilute  nitric  acid 
(1  .  6)  at  100^  to  remove  other  metals,  washed 
with  hot  water,  and  ignited. 

In  other  casss  the  tin  is  precipitated  as 
hydrated  oxide.  If  the  solution  contains  stannous 
salts  the  latter  are  oxidised  by  chlorine  or  by 
hydrochloric  acid  and  potassium  chlorate,  am- 
monia added  until  a  slight  precipitate  forms, 
and  hydrochloric  acid  until  the  precipitate  just 
redissolves.  The  solution  is  then  mixed  with  a 
moderately  large  quantity  of  a  strong  solution  of 
ammonium  nitrate  or  sodium  sulphate,  and 
boiled  for  some  time.  The  precipitate  is  washed 
with  hot  water  by  decantation  and  on  the  filter, 
dried,  and  heated.  To  ascertain  if  precipitation  ! 
is  complete,  a  small  quantity  of  the  liltrate  is 
added  to  a  hot  solution  of  ammonium  nitrate  or 
sodium  sulphate. 

If  the  tin  has  been  precipitated  as  stannic 
sulphide  the  latter  is  washed  with  a  solution  of 
sodium  chloride,  and  finally  with  a  solution  of  ' 
ammonium  acetate,  dried,  and  roasted  in  a 
porcelain  crucible  until  the  weight  is  constant. 
Decomposition  is  facilitated  by  adding  a  small 
quantity  of  ammonium  carbonate. 

In  all  cases  the  filter  is  burnt  separately  and 
the  ash  dropped  into  the  crucible.  I 


Titaaium. 

((f)  As  dioxide,  TiO^,  after  precipitation  by 
ammonia.  Usually  the  substance  is  dissolved 
in  sulphuric  acid,  or  is  fused  with  potassium 
hydrogen  sulphate  and  dissolved  in  water.  The 
solution  is  diluted  largely  and  boiled  for  some 
time,  when  all  titanium  is  precipitated  as  hy- 
drated oxide,  which  is  rendered  anhydrous  by 
ignition.  The  solution  should  contain  0-5  p.c. 
of  free  sulphuric  acid  ;  if  less,  the  precipitate  is 
impure,  if  more,  precipitation  is  incomplete 
(L6vy).  In  presence  of  iron  the  results  are 
always  somewhat  too  high. 

Tungsten. 

As  t.ung.'-Jic  anhydride  WO3.  The  solution 
containing  the  tungsten  as  an  alkaline  tungstate 
is  neutralised  with  nitric  acid  and  precipitated 
with  a  neutral  solution  of  mercurous  nitrate. 
The  precipitate  is  washed  with  a  solution  of 
mercurous  nitrate,  dried,  and  heated  in  a  por- 
celain crucible,  when  tungstic  anhydride  is  left. 

Uranium. 

As  the  oxide,  UjOg.  The  solution,  oxidised 
if  necessary  by  nitric  acid,  is  heated  to  boiling 
and  mixed  with  a  sliglit  excess  of  ammonia. 
The  precipitate  of  acid  ammonium  uranate  is 
washed  with  ammonium  chloride  solution,  dried, 
and  strongly  heated. 

Vanadium. 

(a)  As  barium  vanadate,  2BaO.'V205.  The 
solution  is  neutralised  with  ammonia,  heated  to 
boiling,  mixed  with  excess  of  barium  chloride, 
agitated,  and  cooled  quickly  out  of  contact  with 
air.    The  precipitate  is  washed  and  heated. 

(6)  As  manganese  vanadate,  'iMnO.V.^Oj.  The 
solution  is  mixed  with  a  slight  excess  of  ammo- 
nium chloride  and  ammonia,  manganese  chloride 
or  sulphate  mixed  with  ammonium  chloride  is 
added  in  excess,  and  the  liquid  is  boiled  two  or 
three  minutes  and  allowed  to  cool  out  of  con- 
tact with  the  air.  The  precipitate,  which  should 
be  brownish  yellow  and  free  from  oxidation 
Ijroducts,  is  washed  with  cold  water  and  heated. 

For  other  methods  of  estimating  and  separa- 
ting vanadium  v.  A.  Carnot,  C.  E.  104,  1803  & 
1850,  C.  J.  Abstracts,  1837,  893. 

Zinc. 

(«)  As  oxide,  ZnO,  with  previous  precipitation 
by  sodium  carbonate  in  absence  of  ammonium 
salts. 

(6)  As  sulphide,  ZnS,  by  Kose's  method  after 
precipitating  with  ammonium  sulphide. 

Acid  Radicles. 

Carbonic  acid  v.  Acidijietby. 

When  "carbonates  and  sulphides  occur  to- 
gether, the  gases  evolved  on  treatment  with 
acid  are  passed  into  a  solution  of  copper  acetate 
acidified  with  acetic  acid  and  heated  to  boiling. 
Hydrogen  sulphide  is  absorbed,  with  formation  of 
copper  sulphide,  and  carbon  dioxide  passes  on. 

Ohloric  acid. 

Any  chlorine  present  as  chloride  is  deter- 
mined, the  chlorate  reduced  by  a  zinc-copper 
couple,  and  the  chlorine  again  determined.  The 
difference  is  the  amount  of  chlorine  existing 
as  chlorate  (Thorpe,  C.  J.  1878,  511).  Thin 
granulated  zinc  is  washed  with  soda  solution, 
then  with  dilute  sulphuric  acid,  which  is  allowed 
to  act  for  a  short  time,  and  finally  with  water. 
It  is  then  covered  with  about  100  cc.  of  a  3  p.c. 
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solution  of  copper  sulphate  heated  to  40""-50'^. 
When  most  of  the  copper  lias  been  deposited 
the  liquid  is  carefully  poured  oflf,  and  treatment 
repeated  with  a  fresh  quantity  of  solution.  The 
zinc-copper  couple  is  now  very  carefully  washed 
with  distilled  water  by  dccantation,  not  more 
than  0'5  gram  potpssium  chlorate,  or  the  equiva- 
lent quantity  of  any  other  chlorate,  is  weighed 
out  into  the  beaker  and  dissolved  in  about  25  cc. 
of  warm  water,  which  should  just  cover  the 
couple.  The  liquid  is  heated  gently  for  half  an 
hour,  then  boiled  for  half  an  hour,  dilute  sul- 
phuric acid  added  drop  by  drop  until  the  white 
precipitate  of  zinc  hydroxide  and  oxychloride 
just  dissolves,  tittered,  the  filtrate  neutralised 
with  pure  calcium  carbonate,  and  the  chlorine 
estimated  by  standard  silver  nitrate  solution 
(C.  J.  Trans.'  l.SMS,  Ifid). 

Hydrobromiu,  hydrochloric,  and  hydriodic 
acids. 

(«)  As  silver  salts  (AgBr,  AgCl,  Agl).  The 
solution  is  mixed  with  excess  of  silver  nitrate, 
acidified  with  nitric  acid,  and  heated  to  boiling. 
The  precipitate  is  treated  exactly  as  in  the  esti- 
mation of  silver. 

(h)  VoliiiitJ'tricdlbj  with  silver  nitrate. 

Hydrofluoric  aoiit. 

(a)  As  calcium  fliiorkle,  CaF._„  in  the  case  of 
soluble  fluorides.  The  solution  is  mixed  with 
a  molerate  excess  of  sodium  carbonate,  heated 
to  boiling,  and  mixed  with  excess  of  calcium 
chloride.  The  precipitate  is  washed,  dried,  and 
heated  to  redness  in  a  platinum  crucible,  then 
treated  with  excess  of  acetic  acid,  evaporated  to 
dryness,  and  heated  to  expel  excess  of  acid.  The 
product  is  now  heated  with  water,  and  the  in- 
soluble calcium  fluoride  tillered  otf,  washed,  and 
heated. 

(b)  Indirectly  as  silicoti  fluoride,  SiPj.  The 
finely-powdered  solid  substance  is  placed  in 
a  deep  platinum  crucilile  and  covered  with  three 
or  four  times  its  weight  of  pure  precipitated  silica, 
the  weight  of  which  is  accurately  known.  Sul- 
phuric acid  is  then  added,  and  the  crucible  gently 
heated  for  half  an  hour.  The  temperature  is 
raised  to  expel  most  of  the  sulphuric  acid,  the 
residue  treated  with  hydrochloric  acid,  washed, 
dried,  and  heated.  The  hydrofluoric  acid  is 
calculated  from  the  loss  in  weiglit  of  the  silica 
4HF  =  SiO._,.  The  amount  of  silica  in  the  sub- 
stance must  be  known,  and  its  weight  added  to 
that  of  the  admixed  silica. 

Hydrosulphuric  acid. 

(a)  Soluble  sulphides  are  estimated  volu- 
metrically  by  iodine  solution. 

(b)  Insoluble  sulphides  are  decomposed  by 
hydrochloric  acid  in  a  tiask  similar  to  that  used 
ill  the  g  ravimetric  estimation  of  carbonic  acid, 
and  the  gas  evolved  is  led  into  two  or  three  bulb 
U -tubes  containing  a  solution  of  bromine  in 
dilute  hydrochloric  acid,  which  converts  the 
hydrogen  sulphide  into  sulphuric  acid.  When 
decomposition  is  complete,  the  liquid  in  the  flask 
is  boiled,  and  the  last  traces  of  the  gas  are  drawn 
through  the  bulbs  by  means  of  an  aspirator. 
The  contents  of  the  bulb  tubes  are  transferred 
to  a  beaker,  heated  to  expel  bromine,  and  the 
sulphuric  acid  precipitated  by  barium  chloride. 

Sulphides  which  are  not  decomposed  by  hy- 
drochloric acid  may  be  oxidised  with  aqua  regia, 
hydrochloric  acid  and  bromine,  or  hydrochloric 


'  acid  and  potassium  chlorate,  the  sulphuric  acid 
foriiieJ  being  weighed  as  barium  sulphate. 
Kitric  acid. 

((()  Indii  ectly,  as  ammonia,  by  means  of  the 
I  zinc-copper  couple  (Thorpe).  A  zinc-copper 
couple  (v.  Chloric  acid)  is  made  in  a  flask  into 
which  is  weighed  a  quantity  of  the  nitrate  cor- 
responding with  not  more  than  0-5  gram  of 
potassium  nitrate,  and  sufficient  water  is  added 
to  just  cover  the  couple.  The  tlask  is  attached 
to  a  condenser,  the  other  end  of  which  is  con- 
nected with  a  U-tiibe  or  flask  containing  hydro- 
chloric acid,  as  in  the  estimation  of  ammonia. 
The  liquid  is  gently  heated  for  some  time,  and 
then  distilled  nearly  to  dryness.  After  cooling, 
a  further  quantity  of  water  is  added  to  the  couple, 
and  distillation  repeated.  The  ammonia  in  the 
distillate  is  estimated  as  platinochloride,  or  is 
received  in  a  measured  volume  of  standard  acid 
and  titrated. 

(b)  Sclilocsinr/'s  method.  When  a  solution  of 
a  nitrate  is  heated  with  an  acid  solution  of  a 
ferrous  salt,  the  nitrate  is  decomposed,  the 
whole  of  the  nitrogen  being  evolved  as  nitric 
oxide,  which  is  measured.  The  difficulty  lies 
mainly  in  obtaining  the  nitric  oxide  free  from 
air.  The  apparatus  employed  consists  of  a,  small 
distilling  flask  provided  with  a  side  tube  which 
terminates  under  a  gas-collecting  tube  in  a  mer- 
curial trough.  The  neck  of  the  flask  is  fitted 
with  a  cork,  which  carries  a  tube  funnel  provided 
with  a  stop-cock  and  another  tube  connected 
with  a  carbon  dioxide  apparatus.  Carbon  di- 
oxide //ce  from  air  is  passed  into  the  apparatus 
until  all  air  is  expelled  and  the  gas  issuing 
from  the  exit  tube  is  completely  absorbed  by 

,  potash.  The  substance  containing  the  nitrate, 
I  which  must  be  in  the  solid  condition,  is  dissolved 
in  2  or  3  c.c.  of  concentrated  ferrous  chloride 
solution,  mixed  with  1  c.c.  of  strong  hydrochloric 
acid,  and  introduced  into  tlie  flask  by  means  of 
the  funnel  tube,  care  being  taken  that  no  air 
enters.  The  dish  and  the  funnel  are  rinsed  with 
very  small  quantities  of  acid,  the  object  being 
to  use  as  little  liquid  as  possible.  The  contents 
of  the  flask  are  then  rapidly  boiled  to  dryness, 
the  evolved  gas  being  collected  in  the  tube  over 
mercury,  and  carbon  dioxide  is  driven  through 
the  apparatus  to  expel  all  nitric  oxide.  The 
mixture  of  nitric  oxide  and  carbon  dioxide  is 
transferred  to  an  apparatus  for  gas  analysis ; 
the  latter  absorbed  by  potash,  and  the  former 
mixed  with  oxygen  and  absorbed  by  alkaline 
pyrogallol.  Nitrites  are  converted  into  nitrates 
by  addition  of  hydrogen  peroxide  during  evapo- 
ration of  the  original  solution  {v.  Warington, 
C.  J.  Trans.  1880,  468,  and  1882,  345). 

(c)  Bi/  standard  iudiqo  solutioi  (Warington, 
C.  N.  35, '45,  and  C.  J.  Trans.  1879,  578). 

Oxalic  acid. 

(«)  As  calciuut  oxalate.  The  solution  is  neu- 
tralised with  ammonia,  heated  to  boiling,  mixed 
with  calcium  chloride  in  excess,  and  allowed  to 
stand  for  an  hour  or  two.  The  precipitate  is 
washed  with  hot  water,  and  either  weighed  as 
calcium  oxide  after  strong  ignition,  or  decom- 
posed by  sulphuric  acid  and  the  liberated  oxalic 
acid  estimated  by  permanganate. 

(b)  Volumctricallij  by  jiernianganate. 

Phosphoiic  acid. 

[a]  As  mafjitcsium  iiijroiihos^iliatc,  Mg_P„Oj. 
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The  operation  is  conducted  as  in  tlie  estimation 
of  magnesium.  If  magnesium  sulphate  is  used 
as  the  precipitant,  the  precipitate  may  be  con- 
taminated with  basic  magnesium  sulpliate  ;  it  is 
therefore  advisable  to  employ  a  solution  of  the 
chloride,  which  is  made  as  follows  :  85  grams 
crystallised  magnesium  sulphate  is  dissolved  in 
boiling  water,  acidified  with  5  c.c.  of  hydrochloric 
acid,  mixed  with  an  aqueous  solution  of  82 
grams  crystallised  barium  chloride,  boiled,  and 
filtered.  Add  a  few  drops  of  magnesium  sul- 
pliate solution  to  be  sure  that  there  is  no  excess 
of  barium,  then  165  grams  pure  ammonium 
chloride,  and  260  c.c.  of  ammonia,  and  dilute  to 
1  litre.  Allow  to  stand  two  or  three  days,  and 
filter.  In  many  cases  the  phosphoric  acid  is  first 
.separated  by  anmionium  molybdate  (v.  Methods 
of  Separation). 

(6)  Volumetrically  by  uranium  nitrate  (v. 
Manure). 

Silicic  acid. 

{a)  As  silica  SiO.,.  Soluble  silicates  are 
acidified  with  hydrochloric  acid  and  evaporated 
to  complete  dryness  ;  moistened  with  strong  hy- 
drochloric acid,  again  evaporated  to  dryness,  the 
residue  treated  with  dilute  acid,  and  the  insoluble 
silica  washed  with  hot  water  and  ignited. 

Insoluble  silicates  are  very  finely  powdered, 
intimately  mixed  with  about  five  times  their 
weight  of  a  dry  mixture  of  sodium  and  potassium 
carbonates  in  equal  proportions,  and  heated  to 
redness  in  a  platinum  crucible  for  half  an  hour. 
The  cooled  mass  is  treated  with  water,  acidified 
with  hydrochloric  acid,  and  evaporated  as 
above. 

For  the  separation  of  silica  when  the  alkalis 
have  to  be  estimated,  v.  Methods  of  Sejiaration, 
Group  VI. 

Sulphides  v.  Hijdrosiilphuric  acid. 

Sulphuric  acid. 

(a)  As  harium  sulphate  BaSO^  by  precipi- 
tation with  barium  chloride.  The  chief  difficulty 
arises  from  the  tendency  of  the  barium  sulphate 
to  separate  in  a  finely-divided  condition  and  to 
carry  down  impurities,  especially  in  presence  of 
nitrates  and  potassium  salts.  These  sources  of 
error  are  avoided  by  taking  care  that  the  solution 
is  somewhat  dilute,  is  free  from  nitrates,  and 
contains  a  moderate  but  not  excessive  quantity 
of  free  hydrochloric  acid.  The  solution  and  the 
harium  chloride  solution  should  both  be  heated 
to  boiling,  and  mixed  gradnalli/,  ivith  continual 
agitation.  The  liquid  may  be  filtered  as  soon  as 
it  has  become  clear,  and  the  precipitate  is  washed 
with  hot  water  and  heated  to  dull  redness.  If 
too  little  hydrochloric  acid  is  present,  the  pre- 
cipitate is  liable  to  be  impure  ;  if  a  very  large 
excess  of  the  acid  is  present,  precipitation  is  not 
quite  complete. 

(6)  Volumetrically  by  barium  chloride  (Wil- 
denstein,  Fr.  1,  323  and  432). 

Sulphurous  acid. 

(«)  Volumetrically  by  iodine  solution. 

(6)  Indirectly  as  barium  sulphate  after  oxi- 
dation by  bromine  water,  excess  of  bromine 
being  expelled  by  boiling. 

Thiosulphuric  acid. 

{a)  Volu\uetricallij  by  iodine  solution. 

(6)  Indirectly  as  barium  sulphate  after  oxi- 
dation by  bromine  water,  excess  of  bromine 
heing  expelled  by  boiling. 


Water  is  usually  estimated  by  difference.  If 
a  direct  determination  is  required,  the  method 
to  be  adopted  will  depend  upon  circumstances. 
In  many  cases  it  is  sufficient  to  heat  the  sub- 
stance on  a  watch-glass,  or  in  a  crucible  in  a 
drying  oven,  at  a  definite  temperature,  until  the 
weight  is  constant.  During  weighing  the  dried 
substance  must  be  carefully  protected  from  the 
air.  Attention  must,  however,  be  paid  to  the 
possibility  of  the  volatilisation  of  substances 
other  than  water.  Many  hydrated  haloid  salts, 
for  example,  lose  part  of  their  acid.  In  such 
cases  the  substance  is  previously  mixed  with 
a  known  weight  of  perfectly  dry  lead  monoxide. 
Ammonia,  ammonium  salts,  and  volatile  organic 
matter  may  also  be  given  oft".  If  the  drying  is 
conducted  in  a  glass  tube  the  vapjurs  may  be 
led  into  standard  acid  and  the  ammonia  deter- 
mined by  titration :  the  total  loss,  minus  the 
ammonia,  gives  the  amount  of  water.  Some 
substances  increase  in  weight  in  consequence  of 
oxidisation.  Frequently  it  is  desirable  to  collect 
the  evolved  water  and  weigh  it  directly.  The 
substance  is  introduced  into  a  glass  tube  (plain, 
or  with  a  bulb  in  the  middle)  drawn  out  and 
bent  at  right  angles  at  one  end,  which  passes 
directly,  without  any  intervening  indiarubber 
tube,  through  the  cork  of  a  U-tube  containing 
either  calcium  chloride  or  pumice  moistened 
with  strong  sulphuric  acid  {v.  Organic  analysis). 
The  U"tube  is  weighed  before  and  after  the  ex- 
periment, and  the  increase  in  weight  gives  the 
amount  of  water.  It  is  connected  with  some 
form  of  aspirator,  a  second  drying-tube  being 
interposed  to  protect  the  absorption-tube  from 
the  water  vapour  in  the  aspirator.  The  oppo- 
site end  of  the  glass  tube  containing  the  sub- 
stance is  connected  with  a  (J -tube  filled  with  a 
hygroscopic  substance  to  dry  the  air  which 
enters  the  apparatus ;  if  the  water  is  absorbed 
by  calcium  chloride,  the  air  must  be  dried  by 
calcium  chloride  ;  if  it  is  absorbed  in  sulphuric 
acid,  the  air  must  be  dried  by  means  of  pumice 
moistened  with  this  acid.  The  substance  is 
carefully  heated,  and  a  slow  current  of  air  is 
drawn  through  the  apparatus.  Silicates  and 
some  other  minerals  can  only  be  rendered  an- 
hydrous by  prolonged  ignition  at  a  high  tem- 
perature. Under  these  conditions  carbonic 
anhydride  will  likewise  be  expelled,  and  the 
substance  may  also  oxidise. 

Methods  or  Sepaeation. 

In  this  section  the  metals  are  arranged  in 
groups,  following  the  order  in  the  section  on 
Qualitative  Analysis.  Most  of  the  methods  em- 
ployed for  group  separations  in  qualitative 
analysis  are  also  available  for  quantitative  pur- 
poses if  certain  precautions  are  observed. 

Group  I. — Silver  and  mercury  (as  mercurous 
salts)  are  readily  separated  from  the  metals  of 
the  succeeding  groups  by  precipitation  as  chlor- 
ides by  hydrochloric  acid  or  sodium  chloride. 
The  precipitation  of  lead  is  not  complete,  and 
this  metal  should  be  separated  in  the  form  of 
sulphate. 

Lead  from  silver  and  mercury.  The  lead  is 
separated  as  sulphate,  or  the  mixture  of  the 
three  chlorides  obtained  by  precipitation  with  hy- 
drochloric acid  or  sodium  chloride  is  repeatedly 
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trcatcil  with  hot  water  until  all  lead  is  dissolved. 
Silver  cliloride  is  not  quite  insoluble  in  water. 

Silver  from  vtcrcury.  Tlie  mercury  is  con- 
verted into  a  mercuric  salt  by  treatment  with 
chlorine,  aqua  regia,  or  hydrochloric  acid  and 
potassium  chlorate,  and  excess  of  acid  or  chlorine 
is  expelled  by  evaporation.  The  silver  is  pre- 
cipitated as  chloride,  whilst  mercuric  chloride 
remains  in  solution. 

Lead  is  separated  from  all  metals  of  the  first 
four  groups  by  conversion  into  sulphate ;  but 
when  other  metals  are  present  the  use  of  alcohol 
is  rarely  permissible  (v.  Lead). 

Lead  from  harmm.  The  two  metals  are  con- 
verted into  sulphates  and  the  mixture  digested 
with  a  concentrated  solution  of  sodium  thiosul- 
phate  at  a  temperature  not  exceeding  (jO°.  Lead 
sulphate  dissolves,  and  can  be  precipitated  in 
the  form  of  sulphide.  Barium  sulphate  remains 
undissolved. 

Thallium  from  all  metals  which  fonn  soluble 
iodides  by  heating  with  sulplmrous  acid  to 
ensure  reduction  to  thallous  salts,  and  then  pre- 
cipitating with  potassium  iodide. 

Thallium  from  copper.  The  solution  is  pre- 
cipitated with  potassium  iodide  in  presence  of 
sulphurous  acid,  and  the  mixture  of  cuprous 
and  thallous  iodides  is  treated  with  dilate  am- 
monia. Cuprous  iodide  dissolves  with  absorption 
of  atmospheric  oxygen;  thallous  iodide  remains 
undissolved. 

Group  II. — The  metals  of  this  group  are 
separated  from  the  metals  of  the  succeeding 
groups  by  hydrogen  sulphide  («.  General  Methods 
of  Estimation,  I.). 

Antimony,  arsiniz,  and  tin  from  the,  re- 
maining metals  of  the  group.  The  well-washed 
precipitate  is  digested  with  a  somewhat  con- 
centrated solution  of  yellow  ammonium  sulphide 
at  a  temperature  of  about  80'"''.  The  undissolved 
portion  is  allowed  to  settle,  the  clear  liquid  de- 
canted off,  and  digestion  repeated  three  or  four 
times.  Antimony,  arsenic,  and  tin  sulphides  dis- 
solve ;  the  other  sulphides  of  the  group  are 
insoluble.  Copper  sulphide  is  slightly  soluble  in 
ammonium  sulphide,  and  heuce  when  copper 
is  present  sodium  or  potassium  sulphide  should 
be  used.  Mercuric  sulphide,  however,  dissolves 
in  sodium  or  potassium  sulphide,  and  in  presence 
of  this  metal  ammonium  sulphide  must  be  used. 

The  sulphides  of  gold,  platinum,  iridium,  and 
molybdenum,  and  selenium,  are  also  soluble  in 
alkaline  sulphites. 

Arsenic  from  antimony  and  tin.  The  solu- 
tion of  the  three  metals  in  an  alkaline  sulphide 
is  diluted,  mixed  with  a  large  excess  of  sul- 
phurous acid  solution,  and  boiled  until  all 
sulphur  dioxide  is  expelled  and  the  liquid  is 
reduced  to  two-thirds  its  original  volume.  Arsenic 
sulphide  is  dissolved ;  tin  and  antimony  sul- 
phide are  insoluble.  Wash  the  insoluble  por- 
tion with  hot  water,  or,  if  tin  sulphide  is  pi'esent, 
with  a  strong  solution  of  sodium  chloride  and 
iinally  with  a  solution  of  ammonium  acetate, 
but  the  latter  must  not  mix  with  the  filtrate. 

Tin  from  antimony  and  arsenic.  All  tin 
must  be  in  the  stannic  condition.  The  solution 
of  the  three  metals  is  mixed  with  oxalic  acid  in 
the  proportion  of  at  least  20  grams  of  acid  to 
each  gram  of  tin  present,  the  solution  being  so 
concentrated  that  the  acid  will  crystallise  out  on 
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cooling.  The  liquid  is  heated  to  boiling,  treated 
with  a  current  of  hydrogen  sulphide  for  twenty 
minutes,  and  filtered.  Antimony  and  arsenic  are 
precipitated ;  tin  remains  in  solution.  The  fil- 
trate is  mixed  with  yellow  ammoniuoi  sulphide 
until  the  precipitate  which  first  forms  is  re- 
dissolved,  acidiiied  with  acetic  acid,  allowed  to 
stand  in  a  warm  place  for  some  time,  filtered, 
and  the  precipitated  stannic  sulphide  washed 
with  a  solution  of  ammonium  nitrate  and  con- 
verted into  oxide  by  ignition.  F.  W.  Clarke,  to 
whom  this  method  is  due,  states  that  the  trace 
of  tin  carried  down  by  the  antimony  and  arsenic 
sulphides  is  negligible.  In  accurate  work  the 
precipitate  is  redissolved  in  an  alkaline  sulphide, 
mixed  with  excess  of  oxalic  acid,  and  again 
heated  to  boiling  and  treated  with  hydrogen  sul- 
phide to  obtain  the  last  traces  of  tin.  According 
to  Fresenius,  this  second  operation  should  never 
be  omitted.  Caniot  (C.  II.  103,  2.'>y)  has  pro- 
posed a  very  similar  method,  in  which  sodium 
thiosulphate  is  used  in  place  of  hydrogen  sul- 
phide. 

Arsenic  from  other  metals.  If  the  solution 
is  mixed  with  ferrous  chloride  and  distilled,  the 
arsenic  volatilises  completely  as  chloride,  which 
can  be  collected  in  the  distillate  (E.  Fischer). 
This  method  is  especially  useful  when  the  arsenic 
is  present  in  snial'  quantity ;  if  present  in  large 
quantity,  prolonged  distillation  is  required. 

Gold  from  all  otiicr  metals  by  reduction  of  an 
acid  solution  by  oxalic  acid  or  sulphurous  acid. 

Selenium  from  metals  by  reduction  with  sul- 
phurous acid  in  hydrochloric  acid  solution. 

Mercury,  copper,  cadmium,  bismuth,  silver, 
and  lead  from  one  another.  The  dilute  solution 
is  mixed  with  sodium  carbonate  and  potassium 
cyanide  in  excess  and  heated  gently  for  some 
time.  Lead  and  bismuth  carbonates  are  pre- 
cipitated. The  solution  is  acidified  with  nitric 
acid  and  heated  until  all  cuprous  cyanide  re- 
dissolves.  Silver  cyanide  is  precipitated.  The 
filtrate  is  neutralised  with  sodium  carbonate, 
mixed  with  excess  of  potassium  cyanide,  and 
treated  with  hydrogen  sulphide.  Mercury  and 
cadmium  are  precipitated ;  copper  remains  in 
solution. 

Bismuth  from  all  metals  of  the  second  group 
except  antimony  and  all  the  remaining  metals 
except  iron.  Nearly  neutralise  with  potash,  soda, 
or  ammonia,  add  ammonium  chloride  if  the 
metals  are  not  present  as  chlorides,  and  a  hngc 
quantity  of  water.  Allow  to  stand  for  some  time 
and  ascertain  if  precipitation  is  complete  by 
adding  more  water  to  a  portion  of  the  clear 
liquid.  Dry  at  100'^  and  weigh  as  bismuth 
oxychlorido,  BiOCl,  or,  better,  reduce  with  potas- 
sium cyanide  and  weigh  as  metal. 

Mercury  from  copper,  bismutlt,  cadmizim, 
and  silver.  Treat  the  thoroughly  washed  pie- 
cipitate  of  the  mixed  sulphides  with  boiling 
dilute  nitric  acid  ;  mercuric  sulphide  is  insolu- 
ble, the  other  sulphides  dissolve. 

Copper  from  other  metals  as  cuprous  thio- 
eyanate  (v.  Determination  of  Metals  and  Acid 
Radicles,  p.  123). 

Copper  from  cadmium.  The  mixed  sul- 
jihides  are  thoroughly  washed  and  boiled  with 
dilute  sulphuric  acid  (1 :  .5).  Cupric  sulphide  is 
insoluble,  but  cadmium  sulphide  dissolves  com- 
pletely. 
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Group  III. — The  metals  of  this  group  are 
separated  from  those  of  the  succeeding  groups 
by  precipitation  with  ammonia  in  presence  of 
ammonium  chloride  {v.  General  Methods  of 
Estimation). 

Iron,  aluminium,  clwomium,  uranium,  beryl- 
lium and  cerium,  from  zinc,  manganese,  nickel, 
cobalt.  The  solution,  which  must  contain  iron 
and  uranium  as  ferric  and  uranic  salts,  is 
nearly  neutralised,  mixed  with  excess  of  finely 
divided  and  recently  precipitated  barium  car- 
bonate, and  allowed  to  remain  in  a  closed  vessel 
at  the  ordinary  temperature  for  some  hours 
with  occasional  agitation.  In  presence  of  nickel 
and  cobalt,  ammonium  chloride  should  be  added 
to  prevent  precipitation  of  traces  of  these  metals. 
Filter  and  'vash  with  cold  water.  The  pi'ecipitate 
contains  ferric,  chromic,  aluminium,  beryllium, 
eerie  or  uranic  hydroxides,  mixed  with  Ijarium 
carbonate  ;  the  filtrate  contains  the  other  metals 
together  with  some  bai'ium.  In  both  cases  the 
bariumcan  be  removed  bymeansof  sulphuric  acid. 

Iron  and  aluminium  from  zinc,  mangmese, 
nickel,  cobalt,  uranium,  and  metals  of  the  suc- 
ceeding groups.  The  solution,  which  must  con- 
tain iron  as  a  ferric  salt,  is  nearly  neutralised  by 
sodium  or  ammonium  carbonate.  In  presence 
of  iron  the  liquid  becomes  deep  red,  but  no 
precipitate  must  be  formed.  Sodium,  or,  better, 
ammonium  acetate,  is  added  in  suHlcient  but 
not  excessive  quantity,  and  the  liquid  is  boiled 
until  the  precipitate  becomes  granular  and 
settles  rapidly.  Prolonged  boiling  makes  the 
preciijitate  slimy.  The  liquid  is  filtered  whilst 
hot,  and  the  precipitate  is  washed  with  hot 
water  ;  if  the  liquid  is  allowed  to  cool  the  pre- 
cipitate is  partially  redissolved.  The  precipi- 
tate is  converted  into  ferric  and  aluminium 
oxides  by  ignition  ;  the  other  metals  are  in  the 
filtrate.  It  is  advisable,  and  in  presence  of 
nickel  essential,  to  redissolve  the  precipitate 
and  repeat  the  process.  This  method  is  not 
available  for  the  separation  of  chromiinn. 

The  same  result  can  be  obtained  with 
ammonium  formate  or  succinate. 

Aluminium  and  chromium  from  iron,  zinc, 
manganese,  nickel,  and  cobalt.  Mix  the  solution 
with  a  moderate  quantity  of  pure  normal  potas- 
sium tartrate,  then  with  pure  potash  or  soda 
until  the  precipitate  redissolves,  add  ammonium 
sulphide  in  slight  excess  and  allow  to  stand. 
Wash  the  precipitate  with  water  containing 
ammonium  sulphide.  Aluminium  and  chro- 
mium are  in  the  filtrate,  the  other  metals  in  the 
precipitate.  If  iron  and  chromium  are  absent, 
it  is  suilicient  to  add  the  alkaline  tartrate, 
excess  of  ammonia,  ammonium  chloride  and 
ammonium  sulphide. 

Iron  from  chromium  and  aluminium.  The 
three  metals  are  weighed  together  as  oxides. 
The  precipitate  is  then  finely  powdered,  an 
aliquot  portion  is  placed  in  a  porcelain  boat  and 
heated  to  redness  in  a  current  of  hydrogen  until 
no  further  reduction  takes  place,  allowed  to 
cool  comijletely  in  the  hydrogen  and  again 
weighed.  The  loss  of  weight  represents  the 
oxygen  in  the  ferric  oxide,  and  from  this  the 
quantity  of  iron  is  readily  calculated.  This 
method  is  especially  valuable  for  small  quan- 
tities of  iron.  The  boat  is  inclosed  in  a  well- 
corked  tube  while  weiahins:. 


Chromium  is  readily  separated  from  many 
metals,  e.g.  aluminium,  by  conversion  into 
chromate,  which  is  not  precipitated  by  alkalis. 
This  can  be  done  in  one  of  the  following 
ways,  (a)  Evaporate  nearly  to  dryness,  add 
strong  nitric  acid,  heat,  and  add  crystals  of 
potassium  chlorate  from  time  to  time  until  the 
chromium  is  completely  oxidised,  (b)  Nearly 
neutralise  with  sodium  carbonate,  add  sodium 
acetate  in  excess,  pass  a  current  of  chlorine  into 
the  liquid  or  add  bromine,  and  heat.  The  chro- 
mium is  rapidly  oxidised  to  chromate,  especially 
if  sodium  carbonate  is  added  from  time  to  time 
to  keep  the  liquid  nearly  neutral,  (c )  Make  the 
solution  alkaline  with  potash  or  soda,  saturate 
with  chlorine  and  then  heat  to  expel  excess  of 
gas,  and  decompose  hypochlorites  by  heating 
with  ammonia. 

Aluminium  from  chromitnn.  After  chro- 
mium has  been  converted  into  chromic  acid,  the 
aluminium  may  be  precipitated  as  hydroxide 
or  as  phosphate  {v.  Determination  of  Metals). 
The  filtrate  is  acidified,  heated  to  boiling,  and 
sodium  thiosulphate  added  until  the  chromium 
is  completely  reduced  ;  it  can  then  be  estimated 
as  phosphate  in  the  same  way  as  aluminium. 

Uranium  is  separated  from  the  other  metals 
of  this  group  by  the  solubility  of  its  hydroxide, 
acid  uranates,  and  sulphide,  in  ammonium  car- 
bonate. 

Beryllium  is  separated  by  means  of  bai-ium 
carbonate,  and  also  by  the  solubility  of  its  car- 
bonate in  ammonium  carbonate,  from  which  it  is 
precipitated  on  boiling. 

Beryllium  from  aluminium.  The  solution, 
which  should  not  measure  more  than  200  c.c,  is 
mixed  with  excess  of  potassium  hydroxide  puri- 
fied by  means  of  alcohol,  and  heated  to  boiling 
in  a  platinum  dish  for  about  twenty  minutes. 
It  is  then  diluted  with  hot  water,  and  the  pre- 
cipitated beryllium  oxide  is  filtered  off  and 
washed  with  hot  water.  If  the  original  solution 
is  too  dilute,  some  alumina  is  also  preoiijitated 
on  boiling  (Zmimermann,  Fr.  1888,  61). 

Cerium  is  separated  from  other  metals  by 
saturating  the  solution  with  sodium  sulphate  by 
adding  the  salt  in  fine  powder.  A  crystalline 
double  sulphate  of  cerium  and  sodium  separat  es 
i  and  is  washed  with  a  saturated  solution  of 
sodium  sulphate. 

GiiODP  IV.— Metals  of  this  group  are  sepa- 
rated from  those  of  the  succeeding  groups  by 
means  of  ammonium  sulphide  {General  Methods 
of  Estimation,  I.). 

Nickel  and  cobalt  from  zinc  and  manganese. 
The  neutral  solution  is  heated  to  boiling  and 
j)reoipItated  with  a  boiling  solution  of  sodium 
sulphide.  The  precipitate,  which  is  dense  and 
granular,  is  well  washed  and  treated  with  cold 
dilute  hydrochloric  acid.  Zinc  and  manganese 
dissolve,  but  nickel  and  cobalt  sulphides  pre- 
cipitated under  these  conditions  do  not  dissolve. 

Nickel  from  cobalt.  The  solution,  which 
should  contain  but  little  free  acid,  is  mixed  with 
excess  of  pure  potassium  cyanide  free  from 
cyanate  (the  ordinary  cyanide  is  fused  with  char- 
coal, dissolved  in  water,  filtered,  and  evaporated  in 
a  silver  dish),  heated  to  boiling  and  mixed  with  a 
solution  of  mercuric  oxide  in  mercuric  cyanide. 
The  precipitate,  when  washed,  dried,  and  ignited, 
leaves  a  residue  of  nickel  oxide,  NiO,  which  is 
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woiglipil.  Cobalt  is  usually  determined  by  dif- 
ference ;  but  if  direct  estimation  is  required,  tlie 
filtrate  from  the  nickel  is  evaporated  to  dryness, 
heated  for  some  time  with  strong  sulphuric  acid, 
and  the  cobalt  estimated  in  the  solution. 

Zinc,  cobalt,  and  nicJiel  fro.n  vtangancsc  (and 
waniam).  The  solution  is  nearly  neutralised, 
mixed  with  excess  of  sodium  acetate  and  a  small 
quantity  of  acetic  acid,  heated  to  boiling,  and  a 
brisk  current  of  hydrogen  sulphide  passed  into 
the  boiling  liquid  for  half  an  hour.  Manganese 
(and  uranium)  remain  in  solution,  and  the  for- 
mer can  be  precipitated  by  sodium  carbonate. 
The  precipitate  contains  nickel,  cobalt,  and 
zinc.  It  is  dissolved  in  hydrochloric  acid  and 
potassium  chlorate,  excess  of  acid  expelled,  pure 
potassium  cyanide  added  in  excess,  and  then 
sodium  sulphide  so  long  as  white  zinc  sulphide 
is  precipitated.  Nickel  and  cobalt  remain  in 
solution. 

Zinc  from  nickel  and  cobalt.  Add  excess  of 
pure  potassium  cyanide  and  precipitate  the  zinc 
with  sodium  sulphide  as  in  the  preceding  method. 

(iiionp  V. — The  metals  of  this  group  are 
separated  from  those  of  the  following  group 
by  precipitation  with  ammonium  carbonate  (v. 
General  Methods  of  Estimation).  The  liquid 
is  first  made  alkaline  with  ammonia  and  after- 
wards heated  to  boiling  to  ensure  complete  pre- 
cipitation. 

Barium  from  calcium  and  strontium.  The 
dilute  neutral  or  feebly  acid  solution  is  mixed 
with  excess  of  freshly  prepared  hydrofiuosilicic 
acid  and  one-third  its  volume  of  alcohol  of  95 
per  cent.,  allowed  to  stand  twelve  hours,  col- 
lected on  a  weighed  filter,  washed  with  a  mix- 
ture of  equal  paits  of  water  and  alcohol,  and 
dried  at  100°.  Calcium  and  strontium  are  not 
precipitated. 

Barium  and  strontium  from  calcium.  The 
solution  is  mixed  with  a  concentrated  solution 
of  ammonium  sulphate,  using  nO  parts  of  the 
latter  salt  for  one  part  of  the  mixed  salts, 
heated  to  boiling  with  addition  of  a  small  quan- 
tity of  ammonia,  and  the  precipitate  washed  with 
water  containing  ammonium  sulphate.  The 
filtrate  contains  the  calcium,  which  can  be  pre- 
cipitat<^d  by  ammonium  oxalate. 

Calcium  from  strontium.  Convert  the 
metals  into  nitrates,  evaporate  to  dryness,  and 
extract  with  a  mixture  of  equal  volumes  of 
alcohol  and  ether,  which  dissolves  calcium 
nitrate  but  not  strontium  nitrate. 

Calcium  from  viagncsiuni.  The  calcium  is 
precipitated  by  amn\onium  oxalate  (;'.  Determi- 
nation of  Metals),  adding  sulficient  of  this  salt 
to  convert  both  metals  into  oxalates,  since 
calcium  oxalate  is  appreciably  soluble  in  a  solu- 
tion of  magnesium  chloride.  In  very  accurate 
separations  the  precipitate  should  be  filtered  off, 
redissolved  in  hydrochloric  acid,  and  reprecipi- 
tated  by  adding  excess  of  ammonia  and  a  small 
quantity  of  ammonium  oxalate. 

Gkohp  VI. — Magnesium  from  alkalis.  The 
magnesium  is  precipitated  with  ammonium 
phosphate  in  the  usual  way,  the  filtrate  evapo- 
rated to  dryness,  heated  to  expel  ammonium 
salts,  the  residue  evaporated  two  or  three  times 
with  strong  nitric  acid  to  remove  hydrochloric 
acid  and  the  pliosplioric  acid  removed  by  stannic 
oxide  (('.  I'liosfihoric  acid  from  metals). 


Alkalis  from  magnesium,  (a)  The  solution 
is  made  distinctly  alkaline  with  pure  milk  of  lime 
(calcium  hydroxide  suspended  in  water)  and 
boiled  for  some  time,  care  being  taken  that  it  re- 
mains alkaline.  The  liquid  is  filtered,  made 
alkaline  with  ammonia,  and  the  calcium  pre- 
cipitated by  adding  ammonium  carbonate  and 
a  small  quantity  of  ammonium  oxalate.  The 
filtrate  is  acidified  with  hydrochloric  acid  and 
evaporated  in  a  weighed  platinum  dish,  heated  to 
expel  ammonium  salts,  and  the  alkaline  chlorides 
weighed.  They  should  dissolve  completely  in 
water  and  should  give  no  precipitate  when 
mixed  with  ammonium  carbonate  and  allowed  to 
stand  for  some  time.  If  any  calcium  is  present 
it  must  be  removed  by  repeating  the  treatment 
with  ammonium  carbonate  and  oxalate. 

(b)  The  solution,  which  must  contain  only 
potassium,  sodium,  and  magnesium,  is  mixed 
with  excess  of  oxalic  acid,  evaporated  to  dryness, 
and  the  oxalic  acid  expelled  by  heating  carefully 
over  a  lamp  until  white  fumes  cease  to  come  off. 
The  residue  is  treated  with  water,  when  potas- 
sium and  sodium  dissolve  as  carbonates,  whilst 
magnesium  oxide  remains  undissolved. 

Alkalis  from  silicates.  The  finely  powdered 
silicate  (1  gram)  is  mixed  intimately  with  an 
equal  weight  of  ammonium  chloride  and  eight 
parts  of  dense  granular  calcium  carbonate,  and 
heated  to  redness  for  half  an  hour.  The  pi'o- 
duct  is  boiled  with  water  in  a  platinum  or  silver 
dish  for  two  hours,  care  being  taken  to  make  up 
the  loss  by  evaporation,  and  the  lii]uidis  filtered 
and  the  residue  well  washed  with  hot  water.  The 
filtrate,  which  contains  calcium  and  the  alkalis, 
is  treated  in  the  manner  just  descriljcd.  In  this 
method  of  decomposition,  which  is  due  to  J. 
Lawrence  Smith,  the  silicate  is  decomposed  by 
the  calcium  oxide  which  is  dissolved  by  the  fused 
calcium  chloride  formed  by  the  action  of  the 
ammonium  chloride  on  the  calcium  carbonate. 

Potassium  from  sodium.  The  metals  are 
converted  into  chlorides,  which  are  evaporated 
to  dryness  and  weighed  together  after  drying  at 
150°.  The  salts  are  dissolved  in  water,  mixed 
with  platinic  chloride  in  sufficient  quantity  to 
convert  both  into  platinochlorides,  and  evapo- 
rated nearly  but  not  quite  to  dryness.  The 
residue  is  then  treated  with  alcohol,  which  dis- 
solves the  sodium  but  not  the  potassium  salt 
{v.  Potassium).  If  the  mixture  is  evaporated  to 
complete  dryness  and  heated  so  that  the  sodium 
platinochloride  becomes  anhydrous,  it  dissolves 
with  difficulty  in  alcohol.  Under  some  condi- 
tions reversion  takes  place  and  sodium  chloride 
separates  in  white  crystals  insoluble  in  alcohol. 
In  this  case  the  alcohol  is  very  carefully  evapo- 
rated and  the  residue  again  treated  with  platinic 
chloride. 

In  order  to  separate  small  quantities  of  po- 
tassium from  largo  quantities  of  sodium,  advan- 
tage may  be  taken  of  the  fact  that  potassium 
chloride  is  more  soluble  than  sodium  chloride 
in  strong  hydrochloric  acid  (Fr.  1880, 156).  The 
dry  mixed  chlorides  are  thoroughly  moistened 
with  concentrated  hydrochloric  acid,  2  c.c.  of 
the  acid  is  then  added,  and  the  salt  thoroughly 
crushed  and  stirred  with  a  glass  rod.  After 
standing  for  a  few  minutes  the  acid  is  poured 
off  into  a  small  dish.  Ten  repetitions  of  this 
treatment,  using  2  c.c.  of  acid  each  time,  will 
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suffice  to  remove  all  potassium,  whilst  the  greater 
part  of  the  sodium  chloride  is  not  dissolved. 
The  acid  solution  is  evaporated  to  dryness  and 
the  potassium  determined  as  platinochloride 
(C.  J.  39,  506).  By  adopting  this  plan  much 
less  platinic  chloride  is  required,  and  the  separa- 
tion is  much  more  accurate. 

Ammonimn  salts  can  be  removed  from  a 
solution  in  two  ways — (1)  by  evaporating  to  dry- 
ness and  carefully  heating  over  a  lamp  until  all 
fumes  cease  to  come  oS.  (2)  By  concentrating 
the  solution  and  heating  for  some  time  with 
excess  of  strong  nitric  acid.  When  evolution  of 
oxides  of  nitrogen  ceases,  the  liquid  is  evaporated 
to  complete  dryness  and  the  nitrates  converted 
into  chlorides  by  repeated  treatment  with  hydro- 
chloric acid  if  necessary. 

Acid  Badicles. 

Bromine  from  cJilorine.  The  two  elements 
are  precipitated  by  excess  of  silver  nitrate  and 
weighed  together.  The  filter  ash  is  removed, 
the  precipitate  cautiously  heated  to  fusion,  and 
a  portion  poured  into  a  weighed  porcelain  boat. 
The  boat  is  again  weighed,  heated  to  fusion  ia 
a  current  of  dry  chlorine  in  a  glass  tube  until 
all  bromine  is  expelled,  and  the  silver  chloride 
formed  is  weighed.  It  is  advisable  to  heat  in 
chlorine  for  a  further  period  of  ten  minutes  and 
weigh  again.  The  loss  of  weight  multiplied  by 
4'22:-5  gives  the  amount  of  silver  bromide  in  the 
weight  of  precipitate  treated  with  chlorine,  from 
which  the  quantity  in  the  whole  pirecipitate  is 
readily  calculated  {v.  Indirect  Methods  of  Be- 
termination). 

This  method  gives  accurate  results  if  the 
proportion  of  bromine  is  not  too  small.  When 
a  small  quantity  of  bromine  is  mixed  with  a 
large  quantity  of  chlorine,  the  former  may  be 
concentrated  by  taking  advantage  of  the  fact 
that  if  a  limited  quantity  of  silver  nitrate  is 
added  the  precipitate  will  contain  all  the  bromine, 
but  only  a  portion  of  the  chlorine.  In  one 
portion  of  the  substance  the  two  elements  are 
determined  together  by  complete  precipitation. 
Another  portion  in  somewhat  dilute  solution  is 
mixed  with  a  quantity  of  silver  nitrate  insuffi- 
cient for  complete  precipitation  and  allowed  to 
stand  in  the  cold  for  some  time  with  reijeated 
agitation.  The  precipitate  is  collected,  washed, 
and  weighed,  and  the  proportion  of  bromine 
determined  in  the  manner  already  described. 
The  quantity  of  silver  nitrate  which  should  be 
used  depends  upon  ihe  relative  proportions  of 
chlorine  and  bromine.  If  one  part  of  bromine 
is  present  for  every  1,000  parts  of  chlorine,  one- 
fifth  or  one-sixth  of  the  silver  necessary  for  com- 
plete precipitation  should  be  used ;  if  one  part 
to  10,000,  only  one-tenth  ;  if  one  part  to  100,000, 
only  one-sixtieth  (Fehling). 

Iodine  from  chlorine  in  exactly  the  same 
way  as  bromine  from  chlorine.  The  loss  of 
weight  on  treating  with  chlorine,  multiplied  by 
2-569,  gives  the  weight  of  silver  iodide  in  the 
portion  of  precipitate  taken. 

Iodine  from  chlorine  or  bromine.  The 
solution  is  slightly  acidified  with  hydrochloric 
acid,  mixed  with  palladious  chloride  until  pre- 
cipitation is  complete,  and  allowed  to  stand 
in  a  warm  place  for  twenty-four  or  forty-eight 
hours.  The  precipitate  of  palladious  iodide 
Pdl.j  is  collected  on  a  weighed  filter,  washed  with 


warm  water,  and  dried  at  100°,  or  is  reduced  by 
heating  in  hydrogen  and  the  metal  weighed. 

Iodine  can  also  be  liberated  by  nitrous  acid 
and  estimated  volumetrically  (v.  Volumetric 
Methods). 

Bromine,  chlorine,  and  iodine  from  one 
another.  The  three  elements  are  precipitated 
and  weighed  together  in  one  part  of  the  solution. 
In  another  part  the  iodine  is  separated  as  pal- 
ladious iodide  by  palladious  chloride,  or  better, 
nitrate ;  the  excess  of  palladium  is  removed  by 
hydrogen  sulphide  and  excess  of  the  latter  by 
ferric  sulphate  ;  and  the  chlorine  and  bromine 
in  the  filtrate  are  precipitated  completely  or  frac- 
tionally and  the  bromine  determined  in  the 
manner  previously  described.  The  chlorine  is 
estimated  by  difference. 

Several  indirect  methods  of  estimating  these 
three  elements  in  a  mixture  have  been  pro- 
posed. They  are  based  on  the  methods  given, 
together  with  the  fact  that  the  radicles  may  be 
precipitated  exactly  by  a  standard  solution  of 
silver  nitrate  and  the  precipitate  weighed,  the 
proportion  of  silver  and  haloids  in  the  precipi- 
tate being  thus  determined  [v.  Fresenius, 
Quantitative  Analysis,  sect.  5). 

Oxalic  acid  from  vhosphoric  acid.  The  solu- 
tion is  neutralised  if  necessary,  then  acidified 
with  acetic  acid  and  the  oxalic  acid  precipitated 
as  calcium  oxalate. 

Phosphoric  acid  from  metals,  [a)  The  nitric 
acid  solution,  as  free  as  possible  from  hydro- 
chloric acid,  and  free  from  silicic  and  arsenic 
acids,  is  mixed  with  excess  of  a  solution  of  am- 
monium molybdate  in  nitric  acid,  boiled  for  a 
few  minutes,  and  filtered  after  standing  for  a 
short  time.  The  precipitate  is  washed  with 
dilute  nitric  acid,  dissolved  in  ammonia,  and  the 
phosphoric  acid  precipitated  by  magnesia 
mixture.  This  method  is  more  especially  ap- 
plicable when  the  quantity  of  phosphoric  acid 
is  relatively  small.  To  prepare  ammonium 
molybdate  solution,  25  grams  of  the  salt  is  dis- 
solved in  100  c.c.  of  dilute  ammonia  and  the  solu- 
tion poured  gradually  with  constant  and  vigor- 
ous agitation  into  500  c.c.  of  a  mixture  of  3  vols, 
strong  nitric  acid  and  1  vol.  water.  The  liquid 
is  heated  at  50°  for  some  time  and  the  clear 
solution  drawn  off. 

(h)  By  stannic  oxide.  The  nitric  acid  solu- 
tion is  concentrated,  mixed  with  fuming  nitric 
acid  boiling  at80°,  heated  gently,  and  granulated 
tin  added  gradually  in  quantity  not  less  than 
four  times  the  amount  of  phosphoric  acid  pre- 
sent. The  stannic  oxide  produced  forms  an  in- 
soluble compound  with  the  ishosphoric  acid. 
This  is  filtered  off,  washed  with  hot  water,  dis- 
solved in  potash,  the  solution  saturated  with 
hydrogen  sulphide,  acidified  with  acetic  acid, 
and  the  stannic  sulphide  filtered  off.  This 
filtrate  is  concentrated,  any  stannic  sulphide 
which  separates  is  removed,  and  the  ijhosphoric 
acid  is  estimated  in  the  usual  way  (Eeynoso). 
The  original  filtrate  from  the  stannic  oxide  con- 
tains the  metals  previously  combined  with  the 
phosphoric  acid. 

(c)  The  nearly  neutral  solution  is  mixed 
with  silver  nitrate  and  digested  for  some  time 
with  excess  of  silver  carbonate.  The  phos- 
phoric acid  separates  as  silver  phosphate,  the 
metals  remain  in  solution  with  the  excess  of 
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silver  nitrate.  The  silver  is  removed  by  hydro- 
chloric acid. 

{d)  When  the  phosphoric  acid  is  combined 
with  metals  which  form-  phosphates  insoluble  in 
water  but  soluble  in  acetic  acid,  the  solution 
is  nearly  neutralised,  mixed  with  sodium  or 
ammonium  acetate,  and  a  slight  excess  of  ferric  ' 
chloride  containing  a  known  weight  of  iron 
added.  The  liquid  is  heated  to  boiling,  the 
mixture  of  ferric  phosphate  and  basic  acetate 
washed  with  hot  water,  dried,  and  heated  in  a 
platinum  crucible  until  the  weight  is  constant. 
The  weight  of  the  precipitate  minus  the  known 
weight  of  the  ferric  oxide  gives  the  phosphoric 
anhydride  F.fiy  The  precipitate  may  be  mois- 
tened with  nitric  acid  before  the  final  ignition. 

Silicic  acid  from  titanic  acid.  The  silica 
and  titanium  dioxide  are  weighed  together,  the 
mixture  fused  with  a  somewhat  large  quantity 
of  potassium  hydrogen  sulphate,  and  the  cooled 
mass  extracted  with  water.  Silica  is  left  un- 
dissolved, titanic  oxide  dissolves,  and  can  be 
precipitated  from  the  filtrate  by  ebullition  (v. 
Titanium). 

Sulphides.  If  the  sulphides  are  decomposed 
by  hydrochloric  acid  the  hydrogen  sulphide  is 
absorbed  in  hydrochloric  acid  containing  bro- 
mine (v.  Determination  of  Metals).  Insoluble 
sulphides  are  decomposed  by  gently  heating 
with  aqua  regia  or  with  hydrochloric  acid  and 
bromine,  and  the  sulphuric  acid  estimated  in 
the  solution.  This  latter  method  gives  the  total 
sulphur. 

Sulphuric  acid  from  all  other  acids  except 
hydrofltwsilicic  by  precipitation  with  barium 
chloride  in  presence  of  hydrochloric  acid. 

Sulphuric  acid  from  hijdrofluosilicic  acid. 
The  solution  is  mixed  with  excess  of  potassium 
chloride  and  an  equal  volume  of  strong  alcohol, 
filtered  through  a  weighed  filter,  and  the  preci- 
pitate of  potassium  silicottuoride  (K.^8iF„),  washed 
with  a  mixture  of  equal  volumes  of  alcohol  and 
water,  and  dried  at  100°.  The  sulphuric  acid  in 
the  filtrate  is  estimated  in  the  usual  way  after 
expulsion  of  the  alcohol. 

Titanic  acid  from  silicic  acid  [v.  Silicic  acid 
from  titanic  acid). 

Electkolytic  Estimation  of  Metals. 
It  is  well  known  that  when  an  electric  cur- 
rent is  passed  through  solutions  of  metallic 
salts,  the  latter  are  decomposed  with  liberation 
of  the  metal  at  the  kathode  or  negative  elec- 
trode, and  the  acid  radicle  at  the  anode  or 
positive  electrode.  In  some  cases  the  metal  is 
not  obtained  in  the  free  state  owing  to  its  action 
on  the  solvent,  in  a  few  others  it  separates  at 
the  positive  pole  in  the  form  of  peroxide.  In 
order  that  the  decomposition  may  be  available 
for  quantitative  estimations  it  must  not  be  com- 
plicated by  secondary  reactions  ;  the  metal  must 
be  deposited  in  a  pure  condition  and  must  be  so 
compact  and  so  firmly  adherent  to  the  electrode 
that  it  can  be  washed,  dried,  and  weighed  with- 
out loss.  When  these  conditions  are  fulfilled, 
estimations  by  electrolysis  are  simple,  accurate, 
and  require  Isut  little  attention.  Many  deter- 
minations can  be  made  simultaneously,  and  in 
several  cases  small  quantities  of  metals  can  be 
separated  and  estimated  with  a  degree  of  ac- 
curacy not  readily  attainable  by  other  methods. 
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Most  of  the  methods  of  electrolytic  estima- 
tion are  due  to  A.  Classen  (Quantitative 
chemische  Analyse  durch  Electrolyse,  2nd  ed. 
Berlin,  188G,  translated  by  W.  Herrick,  New  York, 
1887).  The  accuracy  of  an  electrolytic  separa- 
tion depends  mainly  on  the  strength  of  the  current 
and  the  form  in  which  the  metal  is  present. 
Chlorides  are  unsuitable  because  of  the  action 
of  the  liberated  chlorine  on  the  positive  elec- 
trode, nitrates  are  available  in  a  few  cases ; 
sulphates  are  more  generally  available,  but  the 
soluble  double  salts  formed  by  the  union  of  the 
oxalates  of  the  heavy  metals  with  ammonium 
or  potassium  oxalate  are  found  to  have  special 
advantages.  With  a  suitable  strength  of  current 
the  metals  are  deposited  in  a  very  dense  and 
pure  condition,  and  only  carbonic  anhydride  is 
liberated  at  the  anode. 

Batteries  and  Bcsistanccs.  — Only  those  bat- 
teries are  suitable  which  will  give  a  fairly  con- 
stant current  for  several  hours.  For  feeble  cur- 
rents Daniell  or  Meidinger  cells  answer  very  well ; 
for  strong  currents  Grove's  or  Bunsen  cells  must 
be  used.  The  newer  forms  of  bichromate  battery 
in  which  the  zinc  is  inclosed  in  a  porous  cell  are 
also  suitable.  A  Clamoud  or  Noe  thermoelectric 
battery  may  be  employed,  but  they  soon  deterio- 
rate, and  even  at  the  best  yield  only  very  weak 
currents.  A  continuous  current  dynamo  of  the 
Siemens-Halske  or  any  similar  type  is  very  con- 
venient when  large  numbers  of  determinations 
have  to  be  made. 

In  order  to  regulate  the  current  it  is  neces- 
sary to  be  able  to  introduce  or  remove  from  the 
circuit  resistances  of  definite  magnitude.  An 
ordinary  rheostat  or  a  resistance  box  answers 
every  pui-jjose,  but  if  it  is  exposed  to  the  air  of 
the  laboratory  it  is  advisable  to  make  the  con- 
nections by  means  of  mercury  contained  in  small 
cups,  and  not  by  ordinary  metal  plugs,  which 
readily  corrode.  Classen  uses  a  glass  tube  2'2 
cm.  long  and  8'5  cm.  diameter,  tilled  with  a 
cold  saturated  solution  of  zinc  sulphate.  One 
end  of  the  cylinder  is  closed  by  a  zinc  plate 
connected  with  the  wire  from  the  battery,  the 
other  end  is  closed  by  a  cork  through  which 
passes  a  zinc  rod  to  which  is  attached  a  circular 
zinc  plate  of  the  same  diameter  as  the  tube.  TLe 
rod  is  connected  with  the  other  wire  of  the  circuit, 
and  the  resistance  is  increased  by  separating  the 
zinc  plates  and  reduced  by  bringing  them  close 


Fig.  10. 


together.  Classen  has  recently  described  (B. 
21,  3G0)  a  rheostat  by  means  of  which  several 
currents  of  different  intensities  may  be  obtained 
from  one  battery.  It  consists  essentially  of  a 
rectangular  wooden  board  with  a  row  of  brass 
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X^egs  and  binding  screws  down  one  side  and  a 
similar  row  on  the  opposite  side.  The  resistance 
is  obtained  by  means  of  German-silver  wire- 
gauze,  a  strip  of  which  is  attached  to  one  of  the 
corner  binding-screws  and  is  then  carried  back- 
wards and  forwards  across  the  board,  zigzag 
fashion,  passing  round  a  peg  first  on  one  side 
and  then  on  the  other,  and  ending  at  a  binding 
screw  which  is  connected  with  the  positive  pole 
of  the  battery.  There  is  also  a  row  of  8  or  10 
binding  screws  connected  by  a  thick  wire  with 
the  positive  pole  only.  In  making  a  determina- 
tion one  of  the  electrodes  is  connected  with  one 
of  these  positive  binding  screws  and  the  other 
with  any  one  of  the  binding  screws  attached  to 
the  pegs  round  which  the  wire  gauze  passes. 
The  resistance  depends  of  course  on  the  length 
of  gauze  through  which  the  current  has  to  pass. 
A  somewhat  similar  arrangement  for  use  with 
a  dynamo  is  described  in  Classen's  book,  p.  27. 

Measurement  of  the  current. — The  strength 
of  the  current  is  expressed  in  amperes,  an  am- 
pere being  the  current  obtained  with  an  electro- 
motive force  of  one  volt  and  a  resistance  of  one 
ohm.  One  ampere  corresponds  with  the  libe- 
ration of  10-436  c.c.  of  oxygen  and  hydrogen  per 
minute  from  acidulated  water,  or  with  the  de- 
composition of  lO'CO  milligranis  of  copper  or 
67"1  milligram  of  silver  per  minute. 

A  voUamcter  consists  essentially  of  a  pair  of 
platinum  plates  immersed  in  acidulated  water 
and  connected  one  with  each 
pole  of  a  battery,  the  gases 
evolved  being  collected  in  a 
graduated  vessel.  A  convenient 
form  of  the  instrument  consists 
of  a  short  wide  cylindrical  bulb 
terminating  at  the  toj)  in  a  tube 
of  uniform  bore  graduated  in 
Q-l  c.c.  and  provided  with  a 
stopcock  and  funnel,  whilst  the 
bottom  is  drawn  out  and  con- 
nected by  caoutchouc  tubing 
with  a  tube  of  the  same  dia- 
meter as  the  graduated  tube, 
which  serves  as  a  level  tube. 
The  electrodes  are  in  the  bulb, 
the  connecting  wires  being  fused 
through  the  glass.  The  appara- 
tus, which  closely  resembles  the 
nitrometer,  is  filled  with  acidu- 
lated water,  and  when  the  volume  of  the  libe- 
rated gas  is  read  off  the  level  tube  is  adjusted  so 
that  the  liquid  is  at  the  same  level  in  both  tubes 
(Classen,  B.  21,  364). 

The  current  may  also  be  measured  by  means 
of  the  tangent  galvanometer,  which  consists  of 
a  magnetic  needle  suspended  horizontally  at  the 
centre  of  a  vertical  circular  coil  of  copper  wire 
or  sheet  copper  through  which  the  current  passes. 
The  strength  of  the  current  is  proportional  to 
the  tangent  of  the  angle  of  the  deflection  of  the 
needle.  The  galvanometer  is  calibrated  by  in- 
closing it  in  the  same  circuit  with  a  voltameter, 
and  observing  the  angle  of  deflection  corre- 
sponding with  a  given  volume  of  gas  per  niiirute. 
If  V  is  the  volume  of  gas  per  minute,  corrected 
to  standard  conditions,  A  the  corresponding  angle 
of  deflection,  and  K  the  rcduciion  factor  for 

the  galvanometer,  E  =  ,  and  if  a  current 

tan  A 


Fio.  11. 


giving  one  c.c.  of  mixed  oxj'gen  and  hydrogen 
per  minute  is  taken  as  a  special  unit  of  current, 
then  for  any  other  angle  of  deflection  A  the 
strength  of  the  current  I  is  given  by  the  expres- 
sion, I  =  E  tan  A. 

Miller's  ampere-meter,  which  gives  the 
strength  of  the  current  directly  in  amperes  and 
fractions  of  an  ampere,  is  a  comijact  and  con- 
venient instrument  for  measurements  of  this  kind 
(v.  Stewart  and  Gee's  Practical  Physics,  Part  II.). 

Apparatus  and  manipulation. — The  anode 
consists  of  a  well-polished  (not  hammered)  plati- 
num dish  about  9  cm.  diameter  and  4  cm.  deep, 
with  a  capacity  of  about  220  c.c. 
It  should  weigh  from  35  to  40  grams. 
The  anode  is  a  disc  of  thick  sheet 
platinum  4-5  cm.  diameter,  to  the 
centre  of  which  is  fastened  a  thick 
vertical  platinum  wire.  The  dish 
may  be  covered  with  a  cover-glass 
through  which  a  hole  has  been  bored 
for  the  passage  of  the  anode.  The 
stand  consists  of  a  stout  glass  rod 
fixed  in  a  heavy  base  and  carrying 
a  brass  ring  to  the  boss  of  which  is 
attached  a  binding  screw.  The  ring 
supports  the  dish  and  has  three  con-  ^ 
tact  points  of  platinum  riveted  to  it.  Fig.  1 2. 
The  anode  is  attached  to  a  binding 
screw  at  the  end  of  a  brass  rod  which  is  carried 
by  the  same  stand,  the  boss  of  the  rod  being  pro- 
vided with  another  binding  screw  for  making 
contact  with  the  battery.  Malapert  (Fr.  1887, 
56)  has  described  a  form  of  stand  which  is  very 
convenient  when  several  determinations  have  to 
be  conducted  simultaneously. 

The  Luckow  or  Mansfeld  kathode  con- 
sists of  a  cylinder  or  cone  of  sheet  platinum, 
open  at  the  top  and  bottom,  and  riveted  to  a 


Fig.  13. 

stout  platinum  wire.  The  anode  is  a  flat  spiral 
of  thick  platinum  wire,  from  the  centre  of  which 
the  wire  rises  vertically.  The  electrodes  are 
supported  in  a  tall  beaker,  of  not  much  greater 
diameter  than  the  kathode,  by  means  of  a  stand 
similar  to  that  just  described,  the  flat  spiral  being 
below  the  cone  or  cylinder,  whilst  the  vertical 
wire  from  the  spiral  passes  up  through  its  centre. 

If  the  quantity  of  liquid  is  small,  a  platinum 
crucible  may  serve  as  the  kathode,  the  anode 
consisting  of  a  smaller  crucible  with  the  bottom 
removed  and  a  few  lenticular  openings  in  the 
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sides  to  facilitate  the  circulation  of  the  liquid. 
The  anode  is  suspended  inside  the  kathode  hy 
means  of  a  platinum  wire,  care  being  taken  that 
they  do  not  touch. 

In  many  cases  the  deposition  of  the  metal 
may  be  greatly  accelerated  by  heating  the  liquid, 
but  the  temperature  should  never  exceed  80°. 
Before  stopping  the  current  it  must  be  ascer- 
tained that  precii^itation  is  complete  by  with- 
drawing a  small  quantity  of  the  liquid  by  means 
of  a  capillary  tube  and  testing  with  some  deli- 
cate and  characteristic  reagent,  e.g.  potassium 
ferrocyanide  for  coijper,  hydrogen  sulphide 
for  lead.  The  liquid  is  then  poured  oft'  and  the 
metal  washed,  first  with  water,  then  with  alcohol, 
and  linally  with  ether,  and  dried  at  100°.  When- 
ever deposition  takes  place  in  an  acid  solution, 
the  liquid  must  be  removed  and  the  metal 
washed  whilst  the  current  is  passing,  in  order 
to  prevent  re-solution  of  a  small  quantity  of  the 
iiietal.  This  is  readily  effected  by  draining  off 
the  contents  of  the  dish  by  means  of  a  sijshon, 
whilst  water  is  run  in  from  a  beaker  by  means 
of  a  precisely  similar  siphon,  so  that  the  dish 
remains  full  of  liquid  whilst  the  washing  is  pro- 
ceeding. Beakers  with  a  lateral  tubulus  near  the 
top  are  very  convenient  (Malapert). 

Reagents. —  Ammonium  and  potassium  oxa- 
lates not  unfrequently  contain  lead  and  iron, 
which  are  removed  by  mixing  the  hot  saturated 
solutions  with  a  slight  excess  of  ammonium 
sulphide,  boiling  and  filtering.  The  excess  of 
annnonium  sulphide  is  decomposed  by  a  current 
of  air,  the  liquid  again  filtered,  and  the  salt 
recrystallised. 

Oxalic  acid  contains  the  same  impurities, 
and  is  purified  by  repeated  recrystallisation. 

Ammonium  sulphate  is  purified  in  the  same 
way  as  the  oxalate. 

Sodium  sulphide  must  be  free  from  hy- 
droxide or  polysulphides.  It  is  prepared  by 
saturating  sodnnn  hydroxide  solution  with 
hydrogen  sulphide,  and  filtering  with  as  little 
exposure  to  air  as  possible.  The  filtrate  is 
rapidly  evaporated  until  crystals  begin  to  sepa- 
rate, and  is  then  poured  whilst  hot  into  small 
flasks  or  bottles  with  well-fitting  glass  stoppers, 
which  should  be  made  perfectly  air-tight  by 
means  of  paraffin. 

Alcohol  and  ether  used  for  washing  the 
metal  must  be  nearly  absolute,  free  from  any 
trace  of  acidity,  and  must  lea\e  no  residue  on 
evaporation.  They  should  be  allowed  to  stand 
over  (luicklime  for  at  least  24  hours,  and  then  be 
distilled  on  a  water-bath. 

Estimations. 

The  volume  of  the  solution  should  be  150-200 
c.c.  and  it  should  contain  not  more  than  0-5  to 
0'(5  gram  of  metal.  The  quantity  of  ammonium 
or  potassium  oxalate  required  is  from  3  to  5 
grams  in  ordinary  cases.  The  strength  of  the 
current  is  expressed  in  e.c.  of  electrolytic  gas 
per  minute  according  to  Classen's  data. 

Aluminium  is  jirecipitated  in  the  form  of 
hydroxide  by  the  carbonate  formed  from  the 
oxalate  during  electrolysis,  but  precipitation 
does  not  take  place  so  long  as  a  considerable 
quantity  of  the  oxalate  remains  undccomposed. 
Uranium  behaves  in  a  similar  manner,  but  tha 
precipitate  rcdissolves  in  excess  of  ammonium 


carbonate.  Beryllium  likewise  remains  in  solu- 
tion if  the  liquid  is  not  heated.  Chromium  is 
converted  into  ammonium  chromate. 

AEtimony  is  not  satisfactorily  precipitated 
from  the  oxalate  or  tartrate,  but  can  be  accu- 
rately deposited  from  a  solution  of  the  sulphide 
in  ammonium  hydrosulphide  free  from  ammonia 
or  polysulphides.  The  best  results  are  obtained 
by  adding  10  c.c.  of  a  saturated  solution  of 
sodium  mouosulphide  to  100-150  c.c  of  solution 
which  should  not  contain  more  than  0-16  gram 
of  antimony ;  current  1-5-2  0  e.c.  of  gas  per 
minute.  Polysulphides  hinder  or  even  prevent 
precipitation,  and  must  be  removed  by  cautiously 
adding  hydrogen  peroxide  and  heating  the  liquid 
until  it  just  becomes  colourless. 

Arsenic  cannot  be  separated  quantitatively. 
Beryllium  v.  Aluminiinn. 
Bismuth  from  a  solution  of  the  double  am- 
monium oxalate ;  current  about  0-1  c.c.  of  gas 
per  minute.  Some  peroxide  separates  on  the 
anode,  but  afterwards  redissolves.  The  quantity 
of  bismuth  should  be  small  and  the  kathode 
should  have  a  large  surface,  since  the  metal  is 
not  very  firmly  adherent.  Bismuth  may  also  be 
precipitated  from  a  slightly  acid  solution  of  the 
sulphate,  a  stronger  current  being  used. 

Cadmium  from  a  hot  solution  of  the  double 
oxalate  (preferably  potassium),  loss  by  evapora- 
tion being  repeatedly  made  up  by  addition  of 
water  ;  current  0  2  c.c.  of  gas  per  minute.  Also 
from  a  solution  of  the  nitrate  or  sulphate  con- 
taining about  3  grams  of  sodium  acetate  per 
100  c.c.  and  a  few  drops  of  acetic  acid  ;  current 
about  0-6  c.c.  of  gas  per  minute.  Also  from  a 
solution  containing  excess  of  potassium  cyanide, 
with  the  current  from  3  Bun  sen  cells. 
Chromium  v.  Aluminiuvi. 
Cobalt  from  a  hot  solution  of  the  double  am- 
monium oxalate ;  current,  8  to  10  c.c.  of  gas  per 
minute.  Also,  in  absence  of  chlorides,  from  a 
cold  solution  containing,  in  200  c.c,  40  to  50 c.c. 
of  ammonia  and  5-6  grams  ammonium  sulphate  ; 
current  about  5  c.c.  of  gas  per  minute. 

Copper  from  a  solution  of  the  double  ammo- 
nium oxalate,  which  should  be  nearly  saturated 
with  the  ammonium  salt  and  is  heated  to 
40°-50°C.  The  liquid  must  be  kept  acid,  espe- 
cially towards  the  end  of  the  operation,  by  addi- 
tion of  oxalic  acid.  If  much  cojjper  is  pi'csent 
the  free  acid  should  not  be  added  until  most  of 
the  metal  is  precipitated,  in  order  to  avoid  separa- 
tion of  the  insoluble  oxalate.  With  a  current 
giving  3-4  c.c.  of  gas  per  minute,  preciijitation  is 
complete  in  two  or  three  hours  (B.  1888,  28II',)). 

Also  from  a  moderately  dilute  ammoniacal 
solution  containing  2-3  per  cent,  of  ammonium 
or  potassium  nitrate  (Riidorff,  B.  1888,  3050). 

Also  from  an  acid  solution  of  the  sulphate 
or  nitrate.  The  latter  should  be  free  from 
chlorides  and  should  contain  in  200  c.c.  about 
20  c.c.  of  nitric  acid  of  sp.gr.  1-21 ;  current  3  to 
4  c.c.  of  gas  per  minute. 

Gold  from  the  double  potassium  cyanide  (v. 
Silver).  The  kathode  should  be  covered  with  a 
layer  of  silver  to  protect  it  from  the  aqua  regia 
which  must  beused  afterwards  to  dissolve  thegold. 

Iron  from  a  hot  solution  of  the  double 
oxalate,  which  must  contain  no  nitrates  and  no 
free  acid.  The  best  results  are  obtained  with  a 
mixture  of  ammonium  oxalate  (3  parts)  and  potas- 
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siuni  oxalate  (1  iiavt)  ;  current  10  to  12  c.c.  of  gas 
per  minute,  increased  to  15-20  c.c.  towards  the 
end  of  the  operation. 
Iridium  v.  Platinum. 

Lead  as  peroxide  on  the  anode  from  a  solu- 
tion of  the  nitrate,  which  in  absence  of  other 
metals  should  contain  10  per  cent,  of  free  nitric 
acid,  but  in  presence  of  other  metals  a  smaller 
quantity  of  acid  is  sufficient ;  current,  a  few 
tenths  of  a  cubic  cm.  of  gas  per  minute. 
The  peroxide  is  washed  with  water  whilst  the 
current  is  passing,  and  is  dried  at  110°.  The 
anode  should  have  as  large  a  surface  as  possible, 
and  if  the  quantity  of  lead  is  considerable  it  is 
advisable  to  use  the  dish  as  the  anode. 

Manganese  as  peroxide  on  the  anode,  which 
should  have  as  large  a  surface  as  possible ; 
current  9  to  12  c.c.  of  gas  per  minute.  Potas- 
sium oxalate  must  be  used,  since  in  presence  of 
the  ammonium  salt  precipitation  is  not  comijletc. 
The  peroxide  is  converted  into  MnjO^  by  ignition 
either  on  the  anode,  or  if  necessary  after  filtra- 
tion. The  manganese  is  also  precipitated  as 
peroxide  from  a  solution  containing  free  sul- 
phuric or  nitric  acid.  The  former  must  be  used 
in  presence  of  metals  which  would  be  preci- 
pitated by  the  ammonia  resulting  from  the 
reduction  of  the  nitric  acid. 

Mercury  from  a  solution  containing  free  nitric 
acid ;  current  0'2  -0"5  c.c.  of  gas  per  minute. 
The  metal  is  washed,  and  dried  over  sulphuric 
acid.  SmiUi  and  Kerr  (A.  C.  J.  8,  207)  use  a 
current  giving  4  c.c.  of  gas  per  minute,  deposition 
being  complete  in  30-4ij  minutes.  Insoluble 
mercury  compounds  are  suspended  in  dilute 
nitric  acid  or  in  a  10  per  cent,  solution  of  sodium 
chloride  and  electrolysed. 

Nickel  from  the  double  oxalate  in  the  same 
way  as  iron,  or  from  the  ammoniacal  solution  in 
the  same  way  as  cobalt. 

Palladium  in  the  same  way  as  platinum. 

Platinum  from  a  gently  heated  solution,  con- 
taining ammonium  or  potassimn  oxalate,  or  free 
hydrochloric  or  sulphuric  acid  in  small  quantity  ; 
current,  one  Bunsen  cell.  Iridium  is  not  de- 
posited under  these  conditions,  a  stronger  cur- 
rent being  required. 

Silver  from  a  solution  in  excess  of  potassium 
cyanide  ;  current  1'5  to  2  c.c.  of  gas  per  minute. 
Also  from  a  solution  containing  one-tenth  its 
volume  of  nitric  acid  of  sp.gr.  1-2 ;  current  2-0 
to  2-.5  c.c.  of  gas  per  minute. 

Thallium  v.  G.  Neumann,  B.  21,  356. 

Tin  from  a  hot  solution  of  the  double  am- 
monium (but  not  potassium)  oxalate,  which  may 
contain  a  small  quantity  of  free  acid ;  current 
y  to  10  c.c.  of  gas  per  minute.  If  much  tin 
is  present  ammonium  hydrogen  oxalate  should 
be  used  in  place  of  the  normal  salt.  Also  from 
a  solution  of  the  sulphide  in  ammonium  (but 
not  sodium  or  potassium)  sulphide  under  the 
same  conditions  as  antimony  ;  current  9-10  c.c. 
of  gas  per  minute.  Any  film  of  sulphur  which 
forms  on  the  surface  of  the  metal  may  be  re- 
moved without  loss  of  the  latter  by  washing 
with  alcohol  and  rubbing  gently  with  the  finger 
moistened  with  alcohol.  Sodium  sulphide  may 
be  converted  into  the  ammonium  salt  by  heating 
the  liquid  with  25  grams  of  ammonium  sulphate, 
boiling  for  about  15  minutes,  and  after  cooling 
adding  water  to  dissolve  the  sodium  sulphate. 


Tin  may  also  be  separated  from  a  solution  of 
the  chloride  containing  a  small  quantity  of  the 
free  acid. 

Uranium  v.  Ahaninium. 

Zinc  from  the  double  ammonium  oxalate ; 
current  8  to  10  c.c.  of  gas  per  minute.  The 
metal  seems  to  alloy  with  the  platinum  and 
injures  the  surface  of  the  latter.  It  is  there- 
fore desirable  to  coat  the  kathode  with  a  layer 
of  copper  or  silver  before  using  it.  Also 
from  a  solution  of  the  double  cyanide,  prepared 
by  adding  sodium  hydroxide  till  a  preciijitate 
forms  and  then  potassium  cyanide  till  the  preci- 
pitate dissolves ;  current,  4  Bunsen  cells.  The 
liquid  in  this  case  becomes  very  hot  and  should 
be  cooled  by  a  water-jacket.  Zinc  can  also  be 
separated  from  a  solution  cf  the  sulphate,  which 
is  mixed  with  sodium  acetate  and  acidified  with 
citric  acid  ;  current  4  to  5  c.c.  of  gas  per  minute. 

Scjparations. 

The  separation  of  metals  by  electrolysis  is 
based  upon  the  fact  that  a  certain  minimum 
intensity  of  current  is  required  to  precipitate  a 
given  metal,  and  a  current  which  is  sufhcient  to 
precipitate  some  metals,  such  as  platinum  or 
copper,  will  not  precipitate  others,  such  as  iron 
and  nicl;el.  Moreover,  some  metals  are  preci- 
pitated from  acid  solutions,  whilst  others  are 
not.  The  details  already  given  will  enable 
methods  of  separation  to  be  devised.  The  fol- 
lowing are  amongst  those  most  generally  useful. 

Antimony  from  arsenic.  The  arsenic  is 
completely  oxidised  to  arsenic  acid  by  aqua 
regia,  the  excess  of  acid  expelled,  the  liquid 
mixed  with  50  c.c.  of  sodium  sulphide  solution  of 
sp.gr.  1-22  and  a  solution  of  1  gram  of  sodium 
hydroxide,  diluted  to  200  c.c,  and  treated  as  in 
the  separation  of  antimony  and  tin. 

Antimony  and  tin.  The  mixed  sulphides 
are  dissolved  in  60  c.c.  of  a  solution  of  sodium 
sulphide  of  sp.gr.  1-22,  mixed  with  a  concen- 
trated solution  of  1  gram  of  sodium  hydroxide 
and  allowed  to  cool  completely ;  current  1-5  to 
2-0  c.c.  of  gas  per  minute.  After  12  hours  re- 
move the  antimony,  convert  the  sodium  sulphide 
into  ammonium  sulphide,  and  separate  the  tin 
(y.  also  B.  1888,  2897). 

Cadmium  from  zinc.  By  precipitation  of  the 
cadmium  from  a  warm  solution  containing  a 
large  quantity  of  i^otassium  oxalate,  with  a  cur- 
rent giving  not  more  than  0'15  c.c.  of  gas  per 
minute.  After  separation  of  the  cadmium,  the 
zinc  is  precipitated  by  a  stronger  current.  Cad- 
mium may  also  be  precipitated  from  a  solution 
of  the  acetate  or  sulphate  acidified  with  acetic 
acid,  by  a  current  giving  0*5  to  0-6  c.c.  of  gas  per 
minute. 

Copper  from  arsenic.  The  solution  is  evapo- 
rated on  the  water-bath  two  or  three  times  with 
small  quantities  of  a  solution  of  bromine  in 
hydrochloric  acid.  The  arsenic  is  completely 
volatilised  as  bromide. 

Copper  from  cadmium,  bismuth,  and  other 
metals  luhich  are  not  precipitated  in  nitric  acid 
solutions.  By  electrolysis  of  a  solution  contain- 
ing free  nitric  acid. 

Copper  from  calcium,  barium,  &c.  By 
electrolysis  of  a  solution  containing  free  nitric 
acid. 
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Copper  from  iion,  cnhalt,  nichcl,  dc.  By 
precipitation  of  the  copper  from  a  solution 
of  the  double  oxalates  by  a  very  weak  current, 
and  subsequent  preciijitation  of  the  other  metals 
by  a  strong  current. 

Cox)per  from  lead,  v.  Lead. 

Copper  from  silver,  v.  Silver. 

Copper  from  tin.  By  treatment  of  the  solu- 
tion with  excess  of  sodium  sulphide.  The  pre- 
cipitated copper  sul]jhide  is  dissolved  in  nitric 
acid ;  the  tin  is  precipitated  from  the  solution  of 
the  alkaline  sulphide. 

Iron  from  cobalt.  The  metals  are  preci- 
pitated and  weighed  together,  then  dissolved  in 
acid  and  the  iron  estimated  by  titration.  If 
permanganate  is  used  the  red  colour  of  the 
cobalt  must  be  masked  by  adding  a  solution  of 
nickel  in  just  sutlicient  quantity  to  make  the 
liquid  colourless. 

Iron  from  manganese.  The  liquid  is  mixed 
with  a  large  excess  of  ammonium  oxalate,  heated, 
and  electrolysed  by  a  current  giving  10-12  c.c.  of 
gas  per  minute.  Even  with  large  quantities  of 
manganese  only  a  very  small  quantity  of  the 
peroxide  separates  on  the  anode.  If  a  slight 
lilm  forms  on  the  iron  it  is  removed  by  washing 
with  alcohol  and  rubbing  gently  with  tlie  finger 
moistened  with  alcohol.  The  manganese  in  the 
liquid  is  estimated  by  precipitation  with  an 
oxidising  agent. 

Iron  from  nickel,  v.  Iron  from  cobalt. 

Iron  from  zinc.  In  the  same  way  as  iron  from 
cobalt.  If  the  proportion  of  zinc  is  more  than 
one-third  that  of  the  iron,  a  known  quantity  of 
iron  in  the  form  of  ferrous  ammonium  sulphate 
must  be  added  to  the  solution. 

Iron,  cobalt,  nickel,  and  zinc  from  man- 
ganese, aluminium,  chromium,  iCc.  By  electro- 
lysis of  a  cold  solution  containing  a  large  jsro- 
portion  of  ammonium  oxalate  ;  current  10  c.c.  of 
gas  per  minute.  The  precipitate  is  treated  with 
a  solution  of  oxalic  acid  while  the  current  is 
passing  and  the  electrolysis  is  continued  for 
some  time.  If  manganese  and  chromium  are 
present  together,  the  manganese  peroxide  after- 
wards precipitated  always  contains  chromium, 
it  is  therefore  dissolved  in  hydrochloric  acid  and 
rcprecipitated  by  an  alkali  and  an  oxidising 
agent. 

Lead  from  cadmium,  iron,  nickel,  and  all 
metals  which  are  not  deposited  from  a  Lolution 
containing  free  nitric  acid.  By  separation  as 
peroxide  from  an  acid  solution. 

Lead  from  copper,  silver,  and  ductals  ivhich 
are  deposited  froui  acid  solutions.  By  sejjaration 
of  the  lead  as  peroxide  on  the  anode,  and  the 
other  metal  on  the  kathode,  from  a  solution  con- 
taining free  nitric  acid.  If  the  quantity  of  lead 
is  at  all  considerable,  it  is  advisable  to  use  the 
larger  electrode  as  the  anode. 

Manganese  from  calcium  dc.  By  precipi- 
tation as  peroxide  from  a  solution  containing 
free  nitric  acid. 

Manganese  from  nickel,  in  the  same  way  as 
from  iron. 

Mercury  from  bismuth,  cadmium,  and  other 
metals  ivhich  are  not  precipitated  from  acid 
solutions.  By  electrolysis  of  a  solution  contain- 
ing free  nitric  acid. 

Mercuri/  from  iron,  nickel,  cobalt,  dc.  By 
precipitating  the  mercury  with  a  weak  current, 


from  0-2-0-5  c.c.  of  gas  per  minute,  and  the  other 
metals  afterwards  by  a  strong  current. 

Mercury  and  silver.  The  two  metals  are 
precipitated  and  weighed  together,  then  heated 
to  volatilise  the  mercury,  and  the  residual  silver 
weighed. 

Silver  from  all  metals  which  form  soluble 
double  oxalates.  By  precipitating  as  silver  oxa- 
late with  a  large  excess  of  a  saturated  solution  of 
ammonium  oxalate,  and  washing  the  precipitate 
with  the  same  solution.  The  otlier  metals  are 
estimated  in  the  filtrate;  the  silver  oxalate  is 
dissolved  in  potassium  cyanide  and  electrolysed. 

Volumetric  Methods. 

In  volumetric  analysis  the  proportion  of  a 
substance  is  ascertained,  not  by  separation  and 
weighing,  but  by  determining  the  exact  volume 
of  a  reagent  solution  of  definite  strength  required 
to  produce  some  particular  reaction,  such  as 
neutralisation,  oxidation,  or  precipitation.  The 
termination  of  the  reaction  is  indicated  by  some 
end-reaction  which  is  usually  a  production,  de- 
struction, or  change  of  colour,  the  formation  of  a 
permanent  precipitate  or  the  cessation  of  the 
formation  of  a  precipitate.  In  determining  the 
strength  of  caustic  soda,  for  example,  it  is 
coloured  blue  with  litmus,  and  a  dilute  solution 
of  sulphuric  acid  of  definite  strength  is  added 
gradually  until  the  blue  colour  of  the  litmus  just 
changes  to  red,  thus  indicating  the  point  of  neu- 
tralisation. The  volume  of  acid  required  is  noted ; 
the  weight  of  sulphuric  acid  which  it  contains, 
and  hence  the  weight  of  soda  which  it  will  neu- 
tralise, is  known,  and  thus  the  proportion  of  soda 
in  the  substance  is  determined. 

In  order  that  a  reaction  may  serve  as  the 
basis  of  a  volumetric  process,  it  must  be  rapid, 
simple,  and  definite,  and  not  complicated  by 
secondary  reactions.  It  should  remain  constant 
through  considerable  variations  in  conditions, 
and  should  not,  for  exami_)le,  be  materially 
aft'ected  by  the  degree  of  concentration  of  the 
solution.  A  final  reaction  should  be  rapid, 
perfectly  decisive,  and  should  not  require  a  largo 
excess  of  the  reagent  for  its  production.  In 
many  cases  a  third  substance  is  employed  to 
indicate  the  completion  of  the  reaction,  and  is 
termed  an  indicator.  It  is  an  internal  indicator 
if  it  is  added  to  the  bulk  of  the  liquid,  an  exter- 
nal indicator  if  drops  of  the  liquid  are  removed 
and  brought  in  contact  with  it. 

The  execution  of  volumetric  processes  in- 
volves the  possession  of  accurately  graduated 
instruments  of  three  kinds,  viz.  flasks,  pipettes, 
and  burettes.  The  flasks  should  be  fitted  with 
well-ground  stoppers  and  should  have  some- 
what long  necks,  the  graduation  being  not  higher 
than  the  middle  of  the  neck,  in  order  that  there 
may  be  sufficient  empty  space  for  efficient  agita- 
tion. Flasks  holding  respectively  1,000  c.c,  .500 
CO.,  2.50  c.c,  and  100  c.c.  are  used.  Each  flask 
should  have  two  graduation  marks,  viz.  the 
containing  mark,  indicating  the  point  to  which 
the  flask  must  be  filled  in  order  that  it  may 
then  contain  the  particular  volume  of  li(iuid,  and 
the  delivery  mark  or  point  to  which  the  fiapk 
must  be  filled  in  order  that  it  may  deliver  the 
given  volume  of  liquid  when  emptied  hy  drain- 
ing. A  i^ipette  is  usually  a  cylindrical  liulb 
terminating  at  each  end  in  a  tube,  the  lower 


138 


ANALYSIS. 


of  which  is  drawn  out  to  a  jet,  -whilst  the  end 
ot  the  upper  tube  is  slightly  contracted  so  that  j 
it  may  be  readily  closed  by  the  forefinger  and 
the  flow  of  liquid  regulated  or  stopped  altogether.  1 
Usually  a  pipette  has  only  a  delivery  mark,  but  ' 
occasionally  they  are  graduated  throughout  their 
whole  length  and  then  take  the  form  of  a  some- 
what wide  tube  contracted  to  a  jet  at  the  bottom 
and  terminating  in  a  narrower  tube  at  the  top. 
Pipettes  of  100  c.c,  50  c.c,  25  c.c,  10  c.c,  and  5 
c.c.  capacity  are  most  generally  useful.  A  burette 
is  a  long  tube  of  uniform  bore,  12  to  15  mm.  in 
diameter,  graduated  in  cubic  centimetres  and 
lenths  or  fifths.  A  convenient  capacity  is  . 50  c.c. 
The  older  forms  of  instrument  devised  by  Gay 
Lussac,  Geissler,  Binks,  &c.,  are  now  little  used, 
the  convenient  form  described  by  Mohr  being 
generally  adopted.  This  is  open  at  the  top  and 
contracted  at  the  lower  end,  to  which  a  glass  jet 
is  attached  by  means  of  a  piece  of  narrow  india- 
rubber  tubing.  This  tubing  is  nipped  by  a 
spring  pinchcock,  which  is  opened  by  the  pres- 
sure of  the  fingers,  the  flow  of  liquid  being  thus 
regulated.  A  better  plan  is  to  insert  in  the 
indiarubber  tubing  a  short  piece  of  glass  rod  the 
diameter  of  which  is  just  sufficient  to  prevent 
the  flow  of  liquid  when  the  tubing  remains  cir- 
cular. If,  however,  the  tubing  is  squeezed  out 
laterally  by  the  pressure  of  the  thumb  and  fore- 
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finger  (fig.  14),  a  channel  is  made  through  which 
the  liquid  can  pass,  and  by  increasing  or  reducing 
the  pressure,  the  flow  of  liquid  can  be  regulated 
to  a  nicety.  Certain  of  the  reagents  act  upon 
indiarubber,  and  for  these  a  burette  with  a  glass 
stopcock  should  be  used.  This  form  is,  in  fact, 
the  most  convenient  for  all  purposes.  The  stop- 
cock may  be  prevented  from  sticking  by  a  little 
vaseline  or  paraffin,  and  from  slipping  out  by  a 
small  indiarubber  ring  i^assed  over  the  tap)  and 
round  the  burette  tube.  Sometimes  the  tube 
carrying  the  stopcock  is  not  in  the  same  line 
with  the  burette,  but  is  bent  at  right  angles. 
This  form  is  useful  when  titrating  hot  liquids, 
since  the  risk  of  heating  the  burette  and  its 
contents  is  reduced.  After  long  use,  esi^eeially 
with  potassium  bichromate  and  certain  other 
solutions,  the  glass  becomes  repellent  and  the 
solution  collects  in  droits  instead  of  flowing 
down  freely.  This  is  remedied  by  rinsing  out 
the  burette  with  a  small  quantity  of  very  dilute. 
hydrofluoric  acid. 

When  a  burette  is  in  use,  it  is  important  that 
it  should  be  supported  in  a  vertical  position. 
This  can  be  done  by  means  of  a  clamp  attached 
to  a  stand  similar  to  a  retort  stand.  Mohr  re- 
commends to  slip  over  the  top  of  the  burette  a 
large  perforated  cork  which  fits  so  tightly  that 
it  will  safely  carry  the  burette  full  of  liquid,  and 
yet  has  so  much  freedom  of  motion  that  the 
height  of  the  burette  can  be  readily  adjusted. 
1'he  burette  is  passed  through  a  hole  in  the 
wooden  arm  of  a  tall  stand  similar  to  a  funnel 
stand  and  the  burette  is  supported  by  the  cork. 
The  hole  in  the  wooden  arm  is  cut  through  at 


one  side  in  order  that  the  burette  may  be  taken 
out  without  removing  the  cork.  This  hole  is 
closed  by  a  brass  catch  when  the  burette  is  in 
position.  Several  burettes  may  be  supported  by 
the  same  arm.  When  several  different  solutions 
are  being  used  continually,  it  is  convenient  to 
have  the  series  of  burettes  attached  to  a  revolv- 
ing stand  so  that  each  may  be  brought  round  to 
the  front  when  required.  Short  test  tubes  in- 
verted over  the  tops  of  the  burettes  serve  to  keep 
out  dust. 

Standard  solutions  should  be  kept  in  well- 
stopped  bottles  in  a  cool  p)lace  protected  from 
bright  light.  When  several  determinations  of 
the  same  kind  have  to  be  made,  it  is  convenient 
to  keep  the  reservoir  of  standard  solution  at- 
tached to  the  burette  to  facilitate  the  filling  of 
the  latter.  A  glass  T  piece  is  introduced  be- 
tween the  graduated  part  of  the  burette  and  the 
stopcock  or  pinclicock,  and  is  attached  by  means 
of  an  indiarubber  tube  to  a  tubulus  at  the  bottom 
of  the  bottle  which  contains  the  standard  solution 
and  stands  on  a  shelf  above  the  burette.  If  this 
bottle  has  no  tubulus  a  glass  tube  bent  twice  at 
right  angles,  with  one  limb  reaching  to  the  bottom 
of  the  bottle  and  the  other  connected  with  the 
burette,  is  fitted  into  tlie  neck  of  the  bottle  by 
means  of  a  cork  and  is  kept  always  full  so  that 
it  acts  as  a  siphon.  There  must  of  course  be 
an  entrance  for  air  as  the  liquid  flows  from  the 
bottle.  The  flow  of  liquid  into  the  burette  is  regu- 
lated by  a  piinchcock  on  the  indiarubber  tube. 
If  the  standard  solution  acts  upon  indiarubber, 
all  these  connections  must  be  constructed  of 
glass  tubing.  Filling  the  burette  from  the 
bottom  avoids  the  formation  of  air  bubbles,  but 
it  can  also  be  filled  from  the  top  if  the  tube 
from  the  stock  bottle  is  bent  slightly  so  that  the 
liquid  flows  down  the  side  of  the  burette. 
When  the  standard  solution  alters  if  exposed 
to  air  the  surface  of  the  liquid  may  be  covered 
with  a  layer  of  rectified  paraffin  of  moderately 
high  boiling-point,  or  the  neck  of  the  bottle  may 
be  provided  with  a  cork  carrying  a  tube  contain- 
ing jjotash,  or  potash  and  pyrogallol,  througli 
which  all  air  entering  the  bottle  has  to  pass.  A 
still  better  plan  is  to  fill  the  upper  part  of  the 
stock  bottle  with  carbonic  anhydride,  or,  if  the 
nature  of  the  solution  permits,  with  coal  gas, 
and  connect  it  by  means  of  a  cork  and  tube  with 
a  self-acting  carbonic  anhydride  apparatus  or 
the  ordinary  gas  supply.  When  solution  is 
withdrawn,  carbonic  anliydride  or  coal-gas  enters. 
By  means  of  X  tubes  one  carbonic  anhydride 
apparatus  or  gas-tap  may  be  made  to  serve 
several  stock  bottles. 

Graduation  of  the  instruments. — Accurate 
graduation  of  the  measuring  vessels  is  of  course 
essential  if  correct  results  arc  to  be  obtained. 
In  all  cases  the  litre  constitutes  the  starting 
point.  Since,  however,  the  volume  of  a  given 
weight  of  water  depends  on  the  temperature, 
and  since,  also,  the  volume  of  the  glass  varies, 
though  not  greatly,  with  changes  of  temperature, 
it  is  evident  that  the  volume  of  a  flask  will  only 
be  strictly  correct  at  the  particular  temperature 
at  which  the  graduation  was  made.  Mohr  pro- 
poses the  adoption  of  17"5°C.  as  the  standard 
temperature  for  the  graduation  of  instruments 
and  the  preparation  of  standard  solutions.  It  is, 
however,  better  to  graduate  the  vessels  so  that 


ANALYSIS. 


139 


they  have  stvictly  their  nominal  capacity  at  the 
temperature  at  which  the  graduation  is  made, 
and  then  the  variations  from  the  true  volume 
will  only  be  those  resulting  I'rom  the  exjiansion 
of  the  glass,  which  is  so  small  for  the  intervals 
of  temperature  thiough  which  the  laboratory  is 
likely  to  vary  that  it  may  be  neglected.  Which- 
ever plan  is  adopted  it  is  essential  that  all  the 
instruments  be  graduated  on  the  same  basis,  so 
that  the  ratios  between  them  may  bo  correct. 

It  is  never  advisable  to  trust  the  manufac- 
turer's graduation,  and  the  instruments  should 
always  be  checked  before  being  taken  into  use. 
A  quantity  of  distilled  water  is  placed  in  the 
balance  room,  and  allowed  to  remain  until  the 
temperature  becomes  constant.  The  litre  Hask 
is  made  clean  and  dry,  a  narrow  slip  of  paper  is 
attached  vertically  to  the  neck  near  the  mark, 
and  the  flask  is  placed  on  one  pan  of  a  balance 
capable  of  turning  with  at  least  O  O.j  grm.,  and 
counterpoised.  Weights  corresponding  with  the 
weight  of  water  which  at  the  temperature  indi- 
cated by  the  thermometer  will  occupy  1,000  c.c, 
are  then  placed  in  the  pan  ;  the  flask  is  tilled 
nearly  to  the  mark  with  water,  and  water  is 
gradually  dropped  in  until  tlic  flask  and  weights 
are  in  equilibrium.  Care  should  be  taken  that 
no  large  drops  of  water  adhere  to  the  inside  of 
the  neck  of  the  flask  ;  they  can  be  removed  by 
a  roll  of  filter  paper.  A  mark  is  now  made  on 
the  strip  of  paper  at  the  point  corresponding 
with  the  lower  surface  of  the  meniscus,  and  the 
determination  may  be  repeated.  When  weighing 
large  objects  of  this  kind  the  correction  for  the 
difference  between  the  weight  of  the  air  displaced 
by  the  object  and  that  displaced  by  the  weights 
is  too  large  to  be  negligible,  and  in  the  following 
table,  taken  from  Watts'  Dictionary  of  Chemis- 
TKY,  this  correction  is  combined  with  the  cor- 
rection for  temperature  : — • 


1 

2 

3 

4 

5 

6 

7 

8 

9 

X  1-25 

1-20 

1-15 

1-J3 

1-12 

1-12 

1-14 

1  10 

1-21 

t°  10 

11 

12 

13 

14 

15 

IG 

17 

18 

X  1-27 

1-34 

1-43 

1-52 

1-G3 

1-76 

1-S9 

2-04 

2-20 

1°  10 

20 

21 

24 

2.5 

2G 

27 

X  2-37 

2-55 

2-74 

2-95 

3-17 

3-39 

3-G3 

3-88 

4-13 

X  is  the  quantity  to  be  subtracted  from  1,000 
to  obtain  the  weight  of  1,000  c.c.  of  water  at  the 
temperature  t.  For  example,  at  18"  the  weight 
of  1,000  c.c.  is  1000 -2-20  =  997-8  grams. 

The  flask  which  has  been  graduated  to  contain 
must  now  be  graduated  to  deliver.  The  full  flask 
is  carefully  emptied,  and  allowed  to  drain  for  a 
definite  time — say  twenty  or  thirty  seconds — 
again  counterpoised  with  the  water  adhering  to 
tlie  inside,  and  again  filled  with  1,000  c.c.  of 
water  in  the  manner  already  described.  The 
second  mark  will  of  course  be  higher  in  the 
neck  than  the  first.  The  other  flasks  are  gradu- 
ated in  the  same  way,  subtracting  only  \x  from 
500  grams  in  the  case  of  the  500  c.c.  flask,  \x 
from  250  grams,  and  so  on. 

In  order  to  graduate  pipettes  they  are 
suspended  from  one  arm  of  the  balance  by 
means  of  a  clip,  so  that  they  hang  perpendicu- 
larly and  pass  through  a  hole  in  the  bottom  of 
the  balance  case  or  of  a  specially  constructed 
table.  A  convenient  form  of  clip  consists  of  a 
frame  made  of  stout  brass  wire,  carrying  two 
vertical  clips  of  sheet  brass  closed  by  sliding 


collars.  The  upper  end  of  the  pipette  is 
passed  through  the  lower  clip  and  connected  by 
caoutchouc  tubing  with  a  glass  stopcock  fixed 
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in  the  upper  clip.  The  other  end  of  the  stoiJ- 
cock  is  provided  with  a  piece  of  caoutchouc 
tubing,  to  which  a  piece  of  thermometer  tube 
or  a  piece  of  wider  glass  tube  can  be  attached. 

The  quantity  of  liquid  which  a  pipette 
will  deliver  depends  to  some  extent  on  the  way 
in  which  it  is  emptied.  A  small  quantity  of 
liquid  always  remains  in  the  tube,  and  this  should 
not  be  blown  out.  The  best  plan  is  to  allow 
the  pipette  to  empty  itself  whilst  held  ver- 
tically, and  then  just  touch  the  surface  of  the 
liquid  with  the  lower  end  of  the  pipette.  This 
is  known  as  '  free  flow  and  touch.' 

A  pipette  is  attached  to  the  clip,  and  the 
wider  glass  tube  which  serves  as  a  mouthpiece 
is  attached  to  the  stopcock,  and  the  pipette  is 
tilled  with  water  to  a  short  distance  above  the 
mark  and  then  emptied.  It  is  now  counter- 
poised on  the  balance  with  the  adhering  water 
inside,  the  wide  tube  attached  to  the  stopcock 
being  replaced  by  the  thermometer  tube,  and 
the  weights  corresponding  with  the  particular 
volume  of  water  are  x>liioed  in  the  pan.  The 
Ijipette  is  again  tilled  to  a  short  distance  above 
the  mark ;  the  thermometer  tube,  which  is 
drawn  out  at  one  end,  is  replaced  and  the  stop- 
cock is  opened.  The  water  drops  very  slowly 
from  the  end  of  the  pipette,  and  can  be  arrested 
at  the  moment  when  the  balance  is  in  equili- 
brium. The  level  of  the  liquid  is  marked  on  the 
paper  gummed  to  the  pipette. 

When  the  instruments  have  been  checked  in 
this  way  the  glass  surrounding  the  marks  is 
evenly  coated  with  melted  wax,  through  which 
the  marks  on  the  paper  are  easily  seen,  and  the 
coating  is  scratclied  through  by  moans  of  a 
needle.  The  mark  is  then  covered  with  a  small 
piece  of  filter  paper,  which  is  moistened  with 
hydrofluoric  acid,  care  being  taken  to  remove 
air  bubbles,  and  allowed  to  remain  for  a  few 
minutes  according  to  the  strength  of  the  acid. 
The  acid  is  then  washed  oft'  and  the  wax  re- 
moved, and  the  new  mark  is  found  to  be  etched 
into  the  glass. 

The  burette  is  filled  with  distilled  water  at  a 
known  temperature,  and  10  c.c.  is  run  into  a 
small  weighed  beaker,  weighed,  and  this  process 
repeated  for  each  10  c.c.  If  the  graduation  is 
not  accurate  a  correction  must  be  made  — for 
example,  if  10  c.c.  weighs  only  9'95  grams  when 
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it  should  weigh  9"99,  then  each  nominal  cubic 
centimetre  is  =  0-996  of  a  true  cubic  centi- 
metre. 

Standard  solutions. — These  form  the  basis  of 
all  volumetric  work,  and  great  care  should  be 
exercised  in  their  preparation.  When  a  solution 
is  used  only  for  the  estimation  of  one  substance 
it  may  be  convenient  to  adjust  its  strength  so 
that  each  c.c.  is  equivalent  to  some  simple  and 
definite  quantity  of  the  substance,  say  O'Ol  gram, 
but  for  general  purjioses  the  so-called  normal 
solutions  should  be  employed.  A  normal  solu- 
tion contains  in  1,000  c.c.  the  equivalent  in  grams 
of  the  active  substance.  A  solution  of  one-tenth 
this  strength  is  termed  a  dccinormal  solution, 
and  one  of  a  hundredth  a  centinormal  solution. 
A  normal  solution  of  hydrochloric  acid  contains 
3G-37  grams  of  real  acid  per  litre,  of  sulphuric 
iicid,  49  grams.  A  decinormal  solution  of  iodine 
contains  12-65  grams  of  iodine  per  litre,  and 
each  litre  of  a  decinormal  solution  of  potassium 
X^ermanganate  contains  0-8  grams  of  active 
oxygen. 

Standard  solutions  are  made  by  weighing 
out  a  definite  quantity  of  the  pure  substance,  or, 
if  the  reagent  is  not  quite  pure,  by  weighing  out 
an  approximate  quantity  and  titrating  the  re- 
sulting solution  against  some  pure  compound. 
In  the  first  case  exactly  the  required  quantity 
may  be  weighed  out,  dissolved,  and  diluted  to 
the  litre,  or  a  slightly  greater  quantity  may  be 
taken,  accurately  weighed,  dissolved,  and  diluted 
to  the  required  volume.  For  example,  if  instead 
of  16-96  grams  of  silver  nitrate  we  weighed  out 
17-20  grams,  then  the  volume  of  water  required 
to  make  a  strictly  decinormal  solution  would  be 
16-96  :  17-200  : :  1000  =  1014.  When  a  solution 
of  approximate  strength  is  made  and  titrated  it 
may  be  diluted  to  normal  strength  in  the  way 
just  indicated.  If,  for  example,  1  c.c.  of  sodium 
thiosulphate  solution  is  found  to  be  equivalent 
to  0-0129  gram  of  iodine  instead  of  0-01265, 
then  -01265  :  -01290  : :  1000  :  1019-8,  or  each 
litre  of  the  solution  must  be  diluted  with  19  8  c.c. 
of  water.  Accurate  adjustment  in  this  manner 
is  difficult,  and  in  most  cases  it  is  better  to 
determine  a  factor  by  which  the  readings  must 
be  multiplied  in  order  to  correct  for  the  difference 
between  the  real  strength  of  the  solution  and 
1   1        i.1  actual  strength     .  , 

the  normal  strength ;  thus  r^r — ^rr  =  factor. 

°     '  normal  stieugLU 

In  the  case  quoted  .jjj^  =  1-020,  and  hence  1  c.c. 

of  the  thiosulphate  solution  is  equal  to  0-01265 
X  1-020  grams  iodine,  or  0-003537  x  1-020  gram 
of  chlorine,  or  0-0043  x  1-020  gram  of  manganese 
dioxide,  or  in  general  terms  for  a  normal  solu- 

,•       ,  gram-equivaleut     .     ,  t-,  ,  . 

tion,  1  C.c.  =  ^  factor.  For  a  deci- 
normal solution  the  denominator  is  of  course 
10,000. 

Measurements. — In  measuring  out  solutions 
&c.,  the  vessels  must  be  perfectly  dry,  which  is 
inconvenient,  or  must  be  well  drained  and 
then  rinsed  out  with  a  small  quantity  of  the 
solution  to  be  measured,  which  is  allowed  to 
run  away. 

To  read  correctly  the  level  of  the  liquid  in  a 
burette  or  pipette  requires  certain  precautions. 
In  the  first  place  the  instrument  must  be  held  in 
a  vertical  position.     Ordinary  liquids  form  a 


concave  surface  or  meniscus,  and  the  reading 
should  always  be  taken  from  the  lowest  point  of 
this  curve,  except  in  the  case  of  very  dark 
coloured  solutions,  when  the  upper  line  of  the 
surface  must  be  taken.  The  meniscus  must  be 
properly  illuminated,  and  the  eye  at  the  same 
level,  in  order  to  avoid  parallax.  Mohr  recom- 
mends the  use  of  a  piece  of  card,  one  half  of  the 
surface  of  which  is  black  and  the  other  white. 
This  is  attached  to  the  burette  by  an  indiarubber 
ring,  and  is  adjusted  so  that  the  horizontal  edge 
of  the  black  half,  which  is  lowest,  is  2  to  3  mm., 
hnt  not  more,  below  the  meniscus.  The  lower 
edge  of  the  curve  then  appears  black  against  the 
white  background.  If  the  card  is  too  low  the 
reading  will  be  slightly  too  high.  Illumination 
may  also  be  obtained  by  holding  a  piece  of 
white  paper  at  an  angle  of  about  45°  a  short 
distance  below  and  behind  the  meniscus.  A 
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simple  method  of  avoiding  pr.rallax  is  to  raise 
the  eye  until  the  rear  edge  of  the  surface  of  the 
liquid  is  visible,  and  then  lower  it  until  the  rear 
is  just  hidden  by  the  front  edge  (tig.  16).  The 
eye  is  now  on  a  level  with  the  meniscus. 

Since  the  various  solutions  expand  when 
their  temperature  rises,  it  is  evident  that  in 
addition  to  the  errors  incident  to  all  analytical 
processes,  we  have  the  errors  due  to  variations 
in  temperature.  If,  for  instance,  a  standard 
solution  has  been  prepared  at  10°,  1  c.c.  at  18° 
will  contain  less  than  the  nominal  amount  of 
reagent.  The  errors  due  to  variations  within 
the  ordinary  range  of  temperature  are  so  small 
that  they  may  usually  be  neglected,  and  they 
can  be  minimised  by  keeping  the  temperature  of 
the  laboratory  as  constant  as  possible.  The 
co-elficients  of  expansion  of  certain  standard 
solutions  have  been  determined  by  A.  Schulze 
(Fr.  21,  167). 

Errors  due  to  changes  of  temperature  may  be 
eliminated  by  weighing  the  solutions  instead  of 
measuring.  The  liquid  is  contained  in  a  light 
glass  bottle,  with  a  long  jet-like  neck,  and  a 
tubulus  at  the  shoulder  which  can  be  closed  by 
the  finger  and  the  flow  of  liquid  thus  regulated. 
The  bottle  is  weighed,  the  solution  poured 
gradually  from  it  until  the  reaction  is  com- 
plete, and  the  bottle  again  weighed.  The  dif- 
ference between  the  two  weighings  gives  the 
quantity  of  solution  used. 

Volumetric  methods  may  be  broadly  classi- 
fied as  I.  Methods  of  Saturation  ;  II.  Methods 
of  Oxidation  and  Reduction ;  III.  Methods  of 
Precipitation. 

I.  Methods  of  Satue-vtion  v.  Acidimetry. 
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II.  Methoiis  of  Oxidation  and  Eeddction. 
Potassium  permanganate. 

When  a  solution  of  potassium  permanganate, 
acidified  with  sulphuric  acid,  is  brought  in  con- 
tact with  some  readily  oxidisable  substance,  it  de- 
composes in  accordance  with  the  general  equation 
2KMnO.,-H3H.,SO, 
=  K  EO^  +  2Mn!S0,  +  3H,0  +  0,. 

In  the  case  of  a  solution  of  ferrous  sulphate, 
for  example, 

2KMnO,  +  lOFeSOj  +  8H„S0,, 
=  K,SO,  +  2MnS0^  +  5Fe,(S0    +  m.,0, 
and  with  oxalic  acid 

2KMn04  +  5H„C„0j  +  3H.,S0^ 
=  K,SOj  +  2MnS6/-t-  8H,0  +  lOCOj. 

The  utility  of  the  permanganate  depends 
upon  its  oxidising  power,  and  the  reaction  is 
complete  when  the  liquid  acquires  a  faint 
permanent  pink  tinge,  due  to  excess  of  per- 
manganate. Usually  oxidation  takes  place 
rapidly  at  the  ordinary  temperature,  but  solu- 
tions of  oxalic  acid  must  be  heated  to  G0°-80''. 
The  presence  of  a  considerable  excess  of  free 
sulphuric  acid  is  essential.  If  this  acid  is 
deficient  the  solution  becomes  turbid  owing  to 
the  seijaration  of  manganese  oxide,  the  oxidation 
is  incomplete,  and  the  determination  is  spoilt. 
In  warm  solutions  hydrochloric  acid  is  decom- 
posed with  liberation  of  chlorine,  but  in  cold 
and  dilute  solutions  this  acid  is  without  in- 
jurious effect.  It  is,  however,  advantageous  to 
add  a  certain  quantity  of  a  solution  of  man- 
ganese sulphate. 

Permanganate  solution  is  employed  in  four 
■ways — (a)  directly  ;  (6)  indirectly  in  the  ease  of 
oxidising  compounds,  which  are  allowed  to  act 
on  a  definite  quantity  of  a  standard  solution  of 
ferrous  sulphate,  the  ferrous  salt  remaining 
unoxidised  being  afterwards  determined;  (c) 
indirectly  in  the  case  of  reducing  substances, 
which  are  allowed  to  act  on  an  excess  of  a  ferric 
salt,  the  quantity  of  ferrous  salt  formed  being 
estimated,  and  (d)  indirectly  for  the  estimation 
of  metals  by  the  determination  of  the  amount  of 
oxalic  acid  in  insoluble  oxalates. 

Preparation  and  titration  of  the  solution. — 
The  crystallised  salt  is  dissolved  in  distilled 
water  in  the  proportion  of  5  grams  per  litre. 
This  gives  a  solution  of  convenient  strength, 
which,  however,  is  empirical  and  not  decinormal. 
It  is  carefully  titrated  by  means  of  inetallic  iron 
or  oxalic  acid,  and  the  factor  with  respect  to  the 
oxygen  or  iron  equivalent  may  be  calculated. 

Titration  bij  metalliciron. — About  1  gram  of 
perfectly  rust-free  iron  wire,  preferably  of  the 
form  known  as  'flower'  wire,'  is  accurately 
weighed  into  a  250  c.c.  flask  and  dissolved  in 
dilute  sulphuric  acid  by  the  aid  of  heat.  The 
flask  is  fitted  with  a  cork  which  carries  a  tube 
bent  twice  at  right  angles,  the  end  of  the  tube 
dipping  into  some  hot  recently  boiled  water  in  a 
beaker  or  flask.  The  tube  is  not  continuous, 
but  the  two  parts  are  joined  by  a  piece  of  caou- 
tchouc tubing  which  can  be  closed  by  a  piinch- 
cock.  The  air  is  expelled  from  the  flask  by 
adding  a  small  quantity  of  sodium  carbonate, 

'  Piano  wire  may  be  used,  but  it  contains  on  an 
average  only  99'6  per  cent,  of  iron,  and  Iiencc  tlie  weight 
taken  nuist  be  multiplied  by  0'99(i  to  obtain  the  true 
weiglit  of  the  iron. 
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and  the  hydrogen  evolved  during  solution  bubbles 
through  the  hot  water.  When  all  the  iron  is 
dissolved  the  solution  is  boiled  to  expel  the 
hydrogen  from  the  flask.  It  is  then  allowed  to 
cool,  and  as  the  steam  condenses  the  hot  water 
is  driven  into  the  flask  by  the  pressure  of  the 
atmosphere.  When  it  reaches  the  mark  the 
pinehcock  is  closed.  Tlie  flask  is  now  allowed 
to  become  quite  cold,  and  is  filled  up  to  the 
mark  and  the  contents  thoroughly  mixed  by 
agitation ;  50  c.c.  is  withdrawn,  mixed  with 
dilute  sulphuric  acid,  and  permanganate  added 
gradually  from  a  burette  until  the  liquid  acquires 
a  faint  permanent  pink  colour.  This  operation 
is  repeated.  The  number  of  cubic  centimetres 
required  gives  the  value  of  the  permanganate  in 
terms  of  iron,  and  from  the  relation  2FeO -I- 0 
=  Fe^O,|,  or  2Fe  =  0,  its  oxygen  value  is  readily 
calculated. 

Titration  by  oxalic  acid. — The  acid  itself  is 
not  easily  obtained  of  perfectly  definite  composi- 
tion, and  the  ammonium  salt  (NH|)X^Oj,H,0 
(mol.  wt.  142)  should  be  used.  About  1  gram 
of  the  salt  is  dissolved  in  250  c.c.  of  water,  50  c.c. 
of  this  solution  is  withdrawn,  mixed  with  dilute 
sulphuric  acid  in  somewhat  large  quantity, 
heated  to  G0°-80°,  and  permanganate  added 
gradually  until  a  permanent  pink  colouration  is 
obtained.  The  vessel  is  again  placed  on  the 
sand-bath  and  heated  up  to  60°-80'\  and  if  the 
pink  colour  remains  oxidation  is  complete ;  if  it 
disappears  a  further  quantity  of  permanganate 
is  added  until  the  colouration  is  permanent. 
From  the  relation  (NH|),C,Oj,ILO  =  0,  the  oxygen 
value  of  the  permanganate  is  readily  calculated. 
If  the  solution  is  to  be  used  mainly  for  the 
estimation  of  iron  the  value  in  terms  of  this 
metal  is  given  by  the  relation 

(NHJ,CA.H,0  =  2Fe. 
For  general  purposes  it  is  convenient  to  ex- 
press the  strength  of  the  solution  in  terms  of 
available  oxygen  ;  thus  1  c.c.  =  0-0080  x  factor. 

Bismuth.  The  solution,  free  from  hydro- 
chloric acid,  is  mixed  with  a  considerable  excess 
of  oxalic  acid,  the  precipitate  filtered  off,  and 
boiled  repeatedly  with  hot  water  to  convert  it 
into  basic  oxalate  Bi,^(C^^O,).;0,  which  is  treated 
in  the  same  way  as  calcium  oxalate ;  0  =  Bi. 

Cadmium.  The  neuti'al  solution  is  mixed 
with  excess  of  oxalic  acid  and  a  large  volume  of 
alcohol.  The  crystalline  cadmium  oxalate  is 
washed  with  dilute  alcohol,  dried  at  lOO'-'-llO^ 
until  all  alcohol  is  expelled,  and  then  treated  in 
the  same  way  as  calcium  oxalate  {v.  also  Hydro- 
gen sulpliide). 

Calcium  is  precipitated  from  a  hot  slightly 
alkaline  solution  by  excess  of  ammonium  oxa- 
late, and  the  precipitate  is  thoroughly  washed 
with  hot  water.  It  is  then  decomposed  by  treat- 
ment with  excess  of  hot  dilute  sulphuric  acid, 
the  solution  diluted  to  a  definite  volume,  and 
the  oxalic  acid  estimated  in  an  aliquot  part  by 
means  of  permanganate ;  0  =  H.^0_,0,  =  Ca. 

The  calcium  solution  may  be  mixed  with  a 
measured  excess  of  a  standard  solution  of  am- 
monium oxalate;  diluted  to  a  definite  volume, 
and  when  the  precipitate  has  settled,  in  aliquot 
part  of  the  clear  liquid  may  be  withdrawn  and 
the  excess  of  oxalate  determined,  or  the  liquid 
may  be  filtered  and  the  excess  of  oxalate  deter- 
mined in  the  filtrate. 
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Ferrocyanides.  The  dilute  solution  of  an 
alkaline  forrocyanidc  is  mixed  with  a  consider- 
able quantity  of  sulphuric  acid,  and  perman- 
ganate added  gradually  until  the  pure  yellow 
solution  acquires  a  distinct  orange  tinge.  If 
difficulty  is  experienced  in  seeing  the  end 
reaction,  a  drop  of  the  solution  may  be  brought 
in  contact  with  a  drop  of  a  dilute  ferric  chloride 
solution  on  a  white  plate.  So  long  as  any  ferro- 
cyanide  is  unaltered  a  blue  precipitate  is  formed, 
but  when  all  the  ferrocyanide  is  oxidised  only  a 
brownish  colouration  is  obtained ;  O  -  2K|FeCyj. 
Insoluble  ferrocyanides  are  decomposed  by  po- 
tash or  soda  solution,  and  the  ferrocyanide 
determined  in  the  filtrate  after  acidification.  A 
solution  of  permanganate  containing  not  more 
than  1  gram  of  the  salt  per  litre  should  be  used, 
and  it  should  be  standardised  by  means  of  pure 
potassium  ferrocyanide. 

Ferricyanides  in  solution  are  made  strongly 
alkaline  with  potash  or  soda,  heated  to  boiling, 
and  ferrous  sulphate  solution  added  gradually 
until  the  precipitate  just  becomes  black.  The 
ferrous  hydroxide  reduces  the  ferricyanide  to  fer- 
rocyanide. The  liquid  is  filtered,  the  precipitate 
thoroughly  washed  with  hot  water,  and  the  ferro- 
cyanide estimated  in  the  filtrate  ;  O  =  2KJ<'eC'yfj. 
Insokible  ferricyanides  are  first  decomposed  by 
potash  or  soda. 

Hydrogen  sulphide.  The  solution  is  added  to 
an  excess  of  an  acidified  solution  of  ferric  sul- 
phate free  from  any  ferrous  salt,  and  allowed  to 
remain  for  about  an  hour  in  a  well-closed  vessel. 
The  ferric  sulphate  is  reduced  to  the  ferrous 
salt.  The  liquid  is  diluted  with  cold  but  re- 
cently boiled  water  until  nearly  colourless,  and 
titrated  with  permanganate  ;  0  =  H^S. 

This  method  may  be  applied  to  the  indirect 
estimation  of  metals,  such  as  cadmium  or  zinc, 
the  sulphides  of  which  are  soluble  in  an  acid 
solution  of  ferric  sulphate.  The  metals  are  pre- 
cipitated as  sulphides,  and  the  well-washed  pre- 
cipitates are  dissolved  in  an  excess  of  acidified 
ferric  sulphate  solution,  and  the  amount  of 
ferrous  sulphate  formed  is  estimated  0  =  H^S 
=  Zn  =  Cd.  Alkaline  sulphides  are  precipitated 
in  the  form  of  zinc  sulphide. 

Iron  in  the  form  of  ferrous  salts  is  esti- 
mated as  described  in  the  method  of  deter- 
mining the  strength  of  the  permanganate,  and 
this  method  is  available  for  the  determination 
of  ferrous  salts  in  presence  of  ferric  salts.  To 
estimate  the  total  iron  the  ferric  salts  are 
reduced  by  means  of  zinc  or  some  other  reducing 
agent  {v.  Ikon). 

Lead  is  precipitated  as  oxalate  by  oxalic  acid 
(not  ammonium  oxalate)  in  the  absence,  as  far 
as  possible,  of  alkaline  salts,  and  especially  of 
ammonium  salts,  and  the  lead  oxalate  is  treated 
as  in  the  case  of  calcium  ;  O  =  Pb. 

Manganese  in  the  form  of  manganese  di- 
oxide is  estimated  by  dissolving  in  a  measured 
excess  of  a  strongly  acid  solution  of  ferrous 
sulphate  and  determining  the  proportion  of  the 
salt  left  unoxidised,  or  by  dissolving  it  in  an 
acid  solution  of  a  known  quantity  of  oxalic  acid 
or  sodium  oxalate,  and  determining  the  residual 
oxalic  acid  ;  0  =  MnO.^. 

Pattinson  (C.  .1.  1879,  3G.5)  precipitates  the 
manganese  as  dioxide  in  presence  of  a  ferric  salt 
by  ailding  calcium  carbonate  after  treatment 


with  bleaching  powder  solution  or  bromine, 
and  dissolves  the  precipitated  dioxide  in  excess 
of  a  strongly  acid  standard  solution  of  ferrous 
sulphate,  which  is  ret'trated  with  perman- 
ganate or  bichromate.  If  the  amount  of  iron 
present  in  the  original  solution  is  equal  to  that 
of  the  manganese,  the  latter  is  entirely  con- 
verted into  the  dioxide,  the  formation  of  lower 
oxides  being  prevented.  Zinc  sulphate  has  a 
similar  effect  (Kessler). 

Oxalic  acid,  free  or  in  combination,  is  esti- 
mated in  the  manner  adopted  for  determining 
the  strength  of  the  permanganate  ;  O  =  H.fi  .Oy 

Zinc  is  estimated  as  oxalate  in  the  same  way 
as  cadmium  (v.  Gadmiitm),  or  by  precipitation  as 
sulphide  {v.  Hydrogen  sulphide). 

Potassium  bichromate. 
This  reagent  may  be  employed  in  place  of 
permanganate  for  the  estimation  of  iron,  and 
has  the  advantage  that  it  can  be  used  in  pre- 
sence of  hydrochloric  acid  with  equally  good 
results.  An  excess  of  free  acid  is  essential. 
The  reaction  in  the  case  of  ferrous  chloride  is  as 
follows  :— 

K„Cr.,0,  +  6FeCL  +  14HCl 
=  2KC1 Cr,,Cl„  -f  7H,0  +  3Fe.,C\. 

A  decinormal  solution  is  obtained  by  dis- 
solving 4-907  grams  of  the  dry  recrystallised 
salt  in  1,000  c.c.  of  water.  The  solution  may  be 
standardised  against  metallic  iron  in  the  same 
way  as  permanganate.  The  green  colour  of  the 
chromic  salt,  however,  prevents  the  excess  of 
bichromate  from  being  seen,  and  hence  an  ex- 
ternal indicator  is  necessary.  Drops  of  a  dilute 
solution  of  potassium  ferricyanide,  free  from 
ferrocyanide,  are  placed  on  a  white  plate,  and 
drops  of  the  iron  solution  are  removed  from 
time  to  time  with  a  glass  rod  and  brought  in  con- 
tact with  a  drop  of  the  ferricyanide.  So  long 
as  any  fen"ous  salt  is  unoxidised  a  blue  precipi- 
tate is  formed,  but  when  all  the  iron  is  in  the 
ferric  state  only  a  brown  colouration  is  obtained. 
The  approach  of  the  end  is  indicated  by  the 
decrease  in  the  intensity  of  the  blue  colour,  and 
a  little  time  should  be  allowed  for  the  action  of 
the  bichromate  towards  the  close  of  the  reaction. 
The  ferricyanide  solution  should  be  put  on  the 
plate  just  before  it  is  wanted,  and  only  a  few 
drops  at  a  time,  since  when  exposed  to  air  and 
light  it  is  partly  converted  into  ferrocyanide. 

Potassium  bichromate  can  not  only  be  used 
for  the  estimation  of  iron,  but  also  for  indirect 
determination  in  which  an  oxidising  agent  acts 
upon  a  known  quantity  of  a  ferrous  salt  or  a 
reducing  agent  acts  upon  an  excess  of  a  ferric 
salt. 

Chromic  acid  and  chromates  can  be  esti- 
mated by  adding  a  known  quantity  to  a  measured 
excess  of  an  acid  solution  of  ferrous  sulphate  of 
definite  strength,  the  excess  of  ferrous  sulphate 
being  determined  by  standard  bichromate  ; 
0,  =  2Cr03. 

Iodine  and  sodium  thiosulpliate  sohitions. 

These  two  solutions,  of  decinormal  strength, 
are  used  in  conjunction  with  one  another.  When 
sodium  thiosulphatc  is  brought  in  contact  with 
free  iodine  this  reaction  takes  place  : 

2Na_S,03  -I- 1,  =  Na,S,0„  +  2NaI. 
The  termination  of  the  reaction  is  indicated  by 
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the  disappoarance  of  tlie  yellow  colour,  or  a 
small  quantity  of  starch  paste  may  he  aililecl  to 
the  solution.  So  lonp;  as  any  free  iodine  is  pre- 
sent the  liquid  is  dark  blue,  but  as  soon  as  all 
the  iodine  is  converted  into  sodium  iodide  it 
becomes  colourless.  A  solution  of  sodium  thio- 
sulphate  can  be  used,  not  only  for  the  estimation 
of  free  iodine,  but  also  of  any  substance  that 
directly  or  indirectly  liberates  a  definite  quantity 
of  iodine  from  potassium  iodide.  Iodine  solution 
is  employed  mainly  as  an  oxidising  agent. 

Sodium  thiusulpliatc  solution.,  24'8  grams  of 
the  recrystallised  salt  Na^S^03,;3HjO  per  litre. 
The  solution  remains  unaltered  for  a  long  time 
if  kept  in  a  cool  place  in  the  dark.  Its  strength 
is  readily  determined  by  dissolving  about  1  gram 
of  potassium  bichromate  in  250  c.c.  of  water, 
and  adding  25  c.c.  of  this  solution  to  200  c.c.  of 
wator  containing  about  2  grams  of  potassium 
iodide  and  5  c.c.  of  strong  hydrochloric  acid. 
Iodine  is  liberated  in  accordance  with  the  equation 
K.Cr.O,  +  OKI  +  14HC1 
=  3I,"+  8KC1  +  Cr.Cl,  +  7H,0. 
Sodium  thiosuljihate  is  added  to  the  liquid  until 
most  of  the  iodine  has  disappeared.  A  small 
quantity  of  starch  paste  is  put  in,  and  the  addi- 
tion of  the  thiosulphate  is  continued  until  the 
blue  colour  is  just  discharged.  The  iodine  value 
of  the  thiosulphate  is  calculated  from  the  weight 
of  bichromate  taken.  If  a  deeinormal  solution 
of  bichromate  is  at  hand  it  may  of  course  be 
used. 

Iodine  solution.  12-G5  grams  of  dry  resub- 
limed  iodine  is  agitated  with  250  c.c.  of  water 
and  20  grams  of  potassium  iodide  free  from 
iodate  until  the  iodine  is  completely  dis- 
solved, and  the  solution  is  diluted  to  1,000  c.c. 
If  necessary  it  may  be  standardised  by  means  of 
the  thiosulphate  solution  which  has  itself  been 
stiindardised  in  the  way  described. 

Starch  paste  is  made  by  rubbing  pure  starch 
into  a  cream  witli  water,  pouring  this  cream  into 
about  150  parts  of  boiling  water,  and  boiling  for 
a  short  time. 

Arsenious  acid  in  contact  with  iodine  solu- 
tion is  converted  into  arsenic  acid.  Thus 

Asp,  +  21,  +  2HP  =  As.Oj  +  4HI. 
Sodium  hydrogen  carbonate,  free  from  normal 
carbonate,  is  added  to  neutralise  the  hydriodic 
acid,  and  the  solution  is  titrated  with  standard 
iodine,  using  starch  as  an  indicator,  until  the 
blue  colour  is  persistent  for  at  least  three  minutes. 
A  reddish  tint  is  apparent  before  the  reaction  is 
fhiished,  and  the  final  blue  colouration  dis- 
appears after  standing  for  some  time.    I,  =  As. 

Arsenic  acid  is  determined  by  first  estimating 
any  arsenious  oxide  in  one  portion  of  the  solu- 
tion, then  heating  another  portion  with  sul- 
phurous acid  to  reduce  the  arsenic  acid  to 
arsenious  acid,  boiling  to  expel  all  sulphurous 
anhydride,  and  titrating  with  iodine  when  cold. 
The  increase  in  the  quantity  of  iodine  required 
gives  the  amount  of  arsenic  acid. 

Antimony  in  tartar  emetic  and  antimonious 
compounds  generally  is  estimated  in  a  precisely 
similar  manner.    I,  =  Sb. 

Hydrogen  sulphide.  When  iodine  is  brought 
in  contact  with  a  solution  of  hydrogen  sulphide 
the  following  reaction  takes  place  :  H,S  + 1.^ 
=  2HI  +  S.  In  concentrated  solutions,  however, 
the  reaction  becomes  complicated  and  the  liquid 


titrated  must  not  contain  more  than  0-04  per 
cent,  of  the  gas.  A  measured  quantity  of  the 
solution  is  mixed  with  starch  paste  and  the  iodine 
solution  added  imtil  a  permanent  blue  coloura- 
tion is  produced.  A  measured  quantity  of  iodine 
solution,  5  to  10  c.c.  in  excess  of  the  volume  in- 
dicated by  this  preliminary  experiment,  is  placed 
in  a  beaker,  largely  diluted  with  water,  the  same 
volume  of  hydrogen  sulphide  solution  run  in  as 
was  taken  in  the  first  case,  and  the  excess  of 
iodine  determined  by  means  of  thiosulphate. 
This  plan  removes  errors  due  to  exposure  to  air 
&c.,  and  a  slightly  higher  quantity  of  iodine 
solution  will  be  required  than  in  the  preliminary 
experiment. 

Hydrocyanic  acid  and  cyanides.  The  solu- 
tion is  made  slightly  alkaline,  if  necessary,  with 
soda  or  potash,  then  mixed  with  excess  of  water 
saturated  with  carbonic  anhydride,  and  titrated 
with  iodine  solution,  the  termination  of  the  re- 
action being  indicated  either  by  the  pale  yellow 
colour  of  the  liquid  or  by  starch.  The  reaction 
is  KCy  -f  I ,  =  KI  +  Cy I,  i.e.  I,  -  Cy. 

Sulphurous  acid  and  sulphites.  Iodine  so- 
lution oxidises  sulphurous  acid  and  sulphites  to 
sulphuric  acid  and  sulphates  thus — 

80.,+  !.,  +  2H_0  =  H  .SO,  +  2HI. 
In  the  case  of  the  free  acid,  however,  the  re- 
action becomes  complicated,  especially  in  con- 
centrated solutions,  and  a  condition  of  equili- 
brium is  established  between  the  above  reaction 
and  S0,+ 4HI  =  S-K2R,0-t-4I  (VoUiard,  A. 
242,  93).  The  error  due  to  this  cause  is  avoided 
by  adding  the  sulphurous  acid  solution  gradually 
to  the  iodine,  but  it  is  not  advisable  that  the 
solution  should  contain  more  than  1  p.c.  of  the 
gas.  A  measured  excess  of  iodine  solution  is 
placed  in  a  beaker  or  flask,  the  sulphurous  acid 
solution  added,  and  the  excess  of  iodine  de- 
termined by  means  of  sodium  thiosulphate. 
Solid  sulphites  are  weighed  out,  dissolved  in 
excess  of  standard  iodine  solution,  and  the  re- 
maining iodine  estimated  by  thiosulphate  {v. 
Giles  and  Sehearer,  S.  C.  I.  .3,  197  and  4,  303). 

Thiosulphates  are  estimated  directly  by  titra- 
tion with  iodine. 

Tin  in  solution  in  tlie  form  of  a  stannous 
salt  is  mixed  with  excess  of  sodium  potassium 
tartrate  and  excess  of  sodium  hydrogen  car- 
bonate, and  titrated  with  standard  iodine,  using 
starch  as  an  indicator  ;  I,  =  Sn. 

Estimations  by  tliiosulphate. 
Bromine  and  chlorine  in  the  free  state  are 
estimated  by  adding  a  measured  volume  of  the 
solution  to  an  excess  of  a  solution  of  potassium 
iodide  and  titrating  with  thiosuliihate.  I  =  C1 
=  Br. 

Feroxides,  chromates,  chlorates,  iodates,  and 

all  substances  which  liberate  a  definite  quantity  of 
chlorine  when  treated  with  hydrochloric  acid,  can 
be  estimated  by  sodium  thiosulphate,  the  chlor- 
ine being  absorbed  in  potassium  iodide  solution, 
and  the  liberated  iodine  determined  by  titration. 
The  substance,  together  with  strong  hydrochloric 
acid,  is  placed  in  a  small  flask,  the  delivery  tube 
from  which  passes  into  a  retort  or  bulb  Q-tube 
containing  an  excess  of  a  solution  of  potassium 
iodide.  The  contents  of  the  flask  are  boiled 
rapidly  for  at  least  ten  minutes,  and  the  liberated 
iodine  is  titrated  by  thiosulphate.   This  titration 
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should  be  done  at  once,  since  hydrochloric  acid 
distils  over,  and  if  the  acidified  solution  of 
potassium  iodide  is  exposed  to  the  air  a  further 
quantity  of  iodine  is  slowly  liberated.  Manga- 
nese ores,  chromates,  bichromates,  and  chlorates 


Fig.  17. 


may  be  treated  in  this  way.  lodatcs  and  brom- 
ates  are  best  digested  with  potassium  iodide 
and  hydrochloric  acid  in  a  bottle  with  an  accu- 
rately fitting  stopper  which  is  tightly  tied  down. 

III.  Methods  of  Precipitation. 

Silver  nitrate.  This  is  the  principal  reagent 
in  this  class.  A  decinormal  solution  is  obtained 
by  dissolving  lG-96  grams  of  the  pure,  dry,  re- 
crystallised  silver  nitrate  in  1,000  c.c.  of  water. 

Potassium  chroniate  is  used  as  an  indicator 
in  the  form  of  a  saturated  solution.  This  is 
mixed  with  silver  nitrate  until  a  small  quantity 
of  a  red  precipitate  is  formed,  and  after  the 
liquid  has  been  thoroughly  agitated  with  this 
precipitate  it  is  filtered.  Any  chloride  present 
is  thus  removed. 

When  a  solution  of  silver  nitrate  is  added  to 
a  solution  of  a  chloride,  bromide,  or  iodide, 
which  has  been  mixed  with  a  small  quantity  of 
potassium  chromate,  the  silver  combines  with  the 
haloid,  and  any  chromate  that  may  be  formed 
is  at  once  decomposed.  As  soon,  however,  as 
the  whole  of  the  haloid  has  been  precipitated, 
silver  chromate  is  formed,  and  its  presence  im- 
parts to  the  li(iuid  a  reddish  tint  which  indicates 
the  termination  of  the  reaction. 

Chlorides,  bromides,  iodides.  The  solution 
if  alkaline  is  neutralised  with  nitric  acid,  if  acid 
it  is  neutralised  by  adding  precipitated  calcium 
carbonate  free  from  chlorides.  Two  or  three 
drops  of  potassium  chromate  are  added,  and 
silver  solution  is  run  in  from  the  burette  until 
the  pale  yellow  liquid  suddenly  acquii-es  a  red- 
dish tint.  The  approach  of  this  point  is  indi- 
cated by  the  increase  in  the  time  required  for  the 
disappearance  of  the  silver  chromate.  The 
change  is  more  readily  seen  in  a  yellow  light, 
and  is  especially  distinct  in  the  monochromatic 
light  from  a  sodium  flame,  the  silver  chromate 
appearing  almost  black.  It  is  found  that  0-1  c.c. 
of  the  decinormal  silver  solution  is  required  to 
produce  sufficient  silver  chromate  to  give  an  end 
reaction  when  the  volume  of  the  liquid  is  100 
to  1.50  c.c,  and  this  is  subtracted  from  the  burette 
reading  before  calculating  the  amount  of  chlor- 
ine &c.  Silver  chromate  is  much  more  soluble 
in  solutions  of  ammonium  nitrate  and  certain 
other  salts  than  in  water,  and  hence  in  presence 
of  these  salts  considerably  more  silver  solution 
is  required  to  produce  the  end  reaction  (Car- 
penter): AgN03  =  Cl  =  Br  =  I. 


Hydrocyanic  acid  and  cyanides.  When 
silver  nitrate  is  added  to  potassium  cyanide  a 
soluble  double  cyanide  is  formed 

2KCy  +  AgXO,  =  AgKCy,  -i-  KNO^. 
If,  however,  more  silver  nitrate  is  added,  the 
double  cyanide  is  converted  into  simple  silver 
cyanide,  which  is  precipitated.  The  formation 
of  a  permanent  precipitate  indicates  the  termi- 
nation of  the  first  stage  of  the  reaction.  In  the 
presence  of  chlorides  no  permanent  pi'ecipitate 
appears  until  the  cyanide  has  all  been  converted 
into  the  double  cyanide. 

Hydrocyanic  acid  is  measured  in  a  pipette 
to  the  upper  part  of  which  is  attached  a  tube 
containing  solid  potash,  and  is  run  into  sufficient 
soda  or  potash  solution  to  neutralise  it  and  yield 
a  slightly  alkaline  solution,  which  is  then  diluted 
considerably.  Alkaline  cyanides  are  dissolved  in 
the  usual  way.  If  chlorides  are  absent  it  is  advis- 
able to  add  a  small  quantity  of  sodium  chloride. 
Silver  nitrate  is  then  added  gradually  to  the 
solution,  with  constant  agitation,  until  a  slight 
permanent  precipitate  is  formed.  This  is  best 
seen  against  a  sheet  of  black  paper.  The  volume 
of  silver  solution  used  is  equivalent  to  half  the 
cyanide  existing  in  the  solution— that  is  to  say, 
Ag  =  2Cy. 

Volhard^s  Method. 

A  silver  solution  is  used  in  conjunction  with 
a  solution  of  an  alkaline  thiocyanate,  ferric  sul- 
phate being  employed  as  an  indicator.  When 
solutions  of  a  silver  salt  and  a  thiocyanate  are 
mixed  in  presence  of  a  ferric  salt,  so  long  as 
silver  is  in  excess  silver  thiocyanate  is  precipi- 
tated, and  any  ferric  thiocyanate  which  may 
form  is  at  once  decomposed.  As  soon,  however, 
as  the  thiocyanate  is  in  slight  excess  the  liquid 
acquires  a  permanent  faint-brown  tint  owing  to 
the  formation  of  ferric  thiocyanate.  This  method 
may  be  applied  to  the  estimation  of  silver,  and 
also,  by  adopting  the  method  of  reverse  titration, 
to  the  estimation  of  substances  which  are  com- 
pletely precipitated  by  silver  nitrate.  It  has 
the  great  advantage  of  being  applicable  to  acid 
solutions  (A.  190,  47). 

Silver  nitrate  solution.  The  ordinary  deci- 
normal solution  is  employed. 

Thiocyanate  solution.  8  grains  of  purified 
ammonium  thiocyanate,  or  the  corresponding 
quantity  of  the  potassium  salt,  is  dissolved  in 
1,000  cc.  of  water,  and  after  titration  the  solution 
is  diluted  until  it  exactly  corresponds  with  the 
silver  solution. 

Ferric  sulj^hate  solution  is  prepared  by  oxi- 
dising ferrous  sulphate  with  nitric  acid,  boiling 
till  all  oxides  of  nitrogen  are  expelled,  and 
diluting  until  the  solution  contains  about  10  p.e. 
of  the  salt.  A  saturated  solution  of  ferric  alum 
may  also  be  used. 

TitratioH.—  lQ  or  20  c.c.  of  the  standard  silver 
solution  is  diluted  to  about  200  c.c,  mixed  with 
5  c.c.  of  the  iron  solution,  and  sulficient  pure 
nitric  acid  to  remove  any  colouration  produced 
by  the  iron  salt  alone.  The  thiocyanate  solution 
is  then  added  gradually  from  a  burette,  with 
constant  agitation  until  the  liquid  acquires  a 
permanent  pale  brown  colouration.  The  titra- 
tion of  other  solutions  is  done  in  the  same  way. 
The  liquid  must  be  cold,  and  it  is  advisable  that 
the  volume  should  not  differ  greatly  from  that 
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taken  when  standardising.  Not  less  than  5  c.o. 
of  iron  solution  should  be  present  in  200  o.c, 
and  nitric  acid  free  from  nitrogen  oxides  must 
be  added  in  sufficient  quantity  to  remove  any 
colouration  due  to  the  iron. 

Silver  is  determined  by  direct  titration  in 
presence  of  a  moderate  quantity  of  free  nitric 
acid.  Mercury  aud  palladium  must  be  absent, 
but  other  metals  usually  associated  with  silver 
have  no  injurious  effect.  If,  however,  the  pro- 
portion of  copper  present  exceeds  70  p.c.  it  must 
be  reduced  by  adding  a  known  quantity  of  silver. 

Chlorides,  Bromides,  and  Iodides.  The  so- 
lution is  acidified  with  nitric  acid,  mixed  with  a 
measured  excess  of  standard  silver  solution,  and 
the  excess  of  silver  determined  by  means  of  the 
tliiocyanate  solution.  Silver  chloride  is  decom- 
posed by  alkaline  thiocyanates,  and  hence  it  is 
advisable  to  filter  off  the  precipitate  before 
titrating  ;  but  this  is  not  necessary  in  the  case 
of  bromides  or  iodides. 

COLOEIMETRIC  METHODS. 

These  methods  are  esijecially  valuable  for 
the  estimation  of  very  small  quantities  of  sub- 
stances, and  are  capable  of  giving  very  accurate 
results.  The  depth  of  tint  produced  by  some 
characteristic  colour  reagent  in  a  given  volume 
of  the  solution  is  compared  with  the  tint  pro- 
duced by  the  same  reagent  in  an  equal  volume 
of  a  solution  containing  a  known  quantity  of 
the  substance  to  be  determined.  The  tint  in 
the  comparison  tube  can  be  varied  by  varying  the 
l^voportion  of  the  substance  which  it  contains, 
and  when  the  tints  are  equal  the  quantities  of 
the  substance  in  each  tube  are  also  equal.  The 
quantity  in  one  tube  is  known,  and  hence  that 
ill  the  other  is  determined.  It  is  important  that 
the  comparison  be  made  under  comparable  con- 
ditions with  respect  to  degree  of  acidity  or 
alkalinity,  proportion  of  the  reagent  and  the 
like.  It  is  also  important  that  the  depth  of  tint 
should  not  be  materially  affected  by  the  presence 
of  other  saline  substances  in  the  solution  under 
examination. 

The  following  substances  may  be  determined 
by  these  methods  : — 

Lead,  with  hydrogen  sulphide. 

Copper,  with  hydrogen  sulphide  or  potassium 
ferrocyanide  (Carnelley,  C.  N.  32,  308). 

Iron,  with  potassium  ferrocyanide  (Carnelley, 
C.  N.  30,  257). 

Iron,  with  potassium  tliiocyanate  (Thomson, 
C.  J.  1885,  493). 

Ammonia,  by  Nessler's  solution  {v.  Water). 

Iodine,  in  solution  in  carbon  bisulphide,  or 
with  starch. 

The  principle  may  likewise  be  applied  to  the 
comparison  of  dye-stuffs,  provided  that  the  solu- 
tions are  sufficiently  diluted  {v.  Colobiketee). 

Indirect  Methods  oe  Deteemination. 
In  some  cases  the  separation  of  two  sub- 
stances is  either  impossible  or  inconvenient,  but 
we  can  calculate  their  relative  proportions  if  we 
are  able  to  obtain  as  many  independent  relations 
as  there  are  substances  to  be  determined.  If, 
for  example,  we  have  a  mixture  of  sodium  and 
potassium  in  the  form  of  chlorides,  and  we 
determine  the  weight  of  that  mixture  and  the 
weight  of  chlorine  which  it  contains,  the  rela- 
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tive  proportions  of  sodium  and  potassium  can 
be  calculated.  Let  A  be  the  weight  of  the  mixed 
chlorides,  and  B  *he  weight  of  chlorine  which 
they  contain;  thev  A.-B  =  C,  the  joint  weight 
of  the  sodium  an^  potassium.  Let  .'c  =  tlie 
amount  of  potassium,  and  y  the  amount  of 
sodium  actually  present ;  then 
x  +  y  =  G 


CI    ,  CI 


B, 


and  from  these  two  equations  x  and  y  are  readily 
calculated.    The  symbols  of  the  elements  are 

used  with  a  quantitative  significance.    ^  is  the 

amount  of  chlorine  which  combines  with  1 
CI 

part  of  potassium,  -  x  is  the  amount  of  chlor- 
ic 

ine  combined  with  x  parts  of  potassium,  and 
similarly  in  the  case  of  sodium.  The  general 
form  of  the  equation  is  the  same  for  every  case 
of  two  metals  combined  with  one  acid  radicle, 
or  two  acid  radicles  combined  with  one  metal. 

Take  as  an  example  of  a  different  kind,  the 
estimation  of  bromine  by  passing  chlorine  over 
a  weighed  mixture  of  silver  bromide  and  chloride. 
The  loss  of  weight  due  to  the  displacement  of 
Br  (79-75)  by  C'l  (35-37)  is  proportional  to  the 
amount  of  bromine  present.  Let  zv  represent 
the   loss  of  weight,  then  Br  -  CI  =  w.  Now 


35-37 


35-37. 


and  hence  Br  — '—^  Br  =  w,  or  Br 


CI  _ 

Br"  79-75  79-75' 
1-79770.    The  loss  of  weight  multiplied  by  1-797 
gives  the  quantity  of  bromine  present. 

Indirect  methods  only  give  useful  results 
when  the  atomic  or  molecular  weights  of  the 
two  substances  differ  considerably,  and  when 
the  quantities  present  are  approximately  equal. 
The  results  are  affected  to  a  considerable  extent 
by  eomisaratively  small  experimental  errors. 

Analysis  of  Carbon  Compounds. 
The  majority  of  carbon  compounds  contain 
carbon,  hydrogen,  and  oxygen,  or  carbon,  hydro- 
gen, oxygen,  and  nitrogen;  a  smaller  number 
contain  one  or  more  of  the  haloid  elements,  or 
sulphur;  a  still  smaller  number  phosphorus, 
arsenic,  or  silicon.  There  are  also  the  metallic 
salts  of  the  various  acids,  and  other  metallic  deri- 
vatives. 

Qualitative  Examination. 

Carbon  is  converted  into  carbon  dioxide 
when  the  substance  is  heated  with  cupric  oxide. 

Hydrogen.  The  substance  is  heated  to  a 
temperature  below  that  at  which  decomposition 
begins,  until  all  water  existing  as  such  is  ex- 
pelled, and  is  then  heated  with  finely  divided 
and  recently  ignited  cupric  oxide  ;  the  hydrogen 
is  evolved  as  water. 

Nitrogen.  Many  carbon  compounds  contain- 
ing nitrogen  evolve  this  element  in  the  form  of 
ammonia  when  heated  with  caustic  soda  or  soda- 
lime,  but  this  test  is  not  applicable  to  nitro-, 
nitroso-,  azo-,  and  diazo-  derivatives. 

Many  nitro-,  nitroso-,  and  diazo-  derivatives 
evolve  oxides  of  nitrogen,  with  or  without  ex- 
plosion, when  heated. 

Nitrogen  in  all  classes  of  carbon  compounds, 
with  the  exception  of  the  diazo-  compounds, 
may  be  detected  by  heating  the  substance  with 


14G 


ANALYSIS. 


metallic  sodium,  together  with  some  sodium 
carbonate  if  the  substance  is  explosive.  The 
nitrogen  is  converted  into  sodium  C3'anide,  and 
the  cooled  mass  is  extracted  with  water  and  the 
cyanogen  detected  by  the  Prussian  blue  or  thio- 
cyanate  test.  Nitrogenous  carbon  compounds 
containing  sulphur  yield,  when  heated  with 
sodium,  a  thiocyanate,  and  the  Prussian-blue 
test  cannot  be  used.  The  thiocyanate  may, 
however,  be  converted  into  cyanide  by  adding 
finely  divided  iron  with  the  sodium. 

Halogens  are  detected  by  heating  the  sub- 
stance witli  pure  lime  or  pure  soda-lime,  extract- 
ing with  water,  slightly  acidifying  with  nitric 
acid  and  testing  with  silver  nitrate.  Highly 
nitrogenous  compounds,  when  heated  with  lime, 
are  apt  to  yield  calcium  cyanide  ;  hence  the  sup- 
posed pirecipitate  of  silver  haloid  should  always 
be  tested  for  cyanide,  unless  nitrogen  is  known  to 
be  absent.  With  soda-lime  no  cyanide  is  formed. 

Sulphur  and  phosphorus  in  non-volatile 
substances  are  detected  by  fusing  with  soda  or 
potash  mixed  with  about  one-fifth  its  weight  of 
potassium  nitrate,  and  testing  the  product  for 
sulphuric  or  phosphoric  acid.  Volatile  or  non- 
volatile substances  may  be  oxidised  by  heating 
in  a  sealed  tube  at  150°  to  300'^,  according  to 
circumstances,  with  fuming  nitric  acid  of  sp.gr. 
1'5.  Sulphur  and  phosphorus  are  oxidised  to 
sulphuric  and  phosphoric  acid  respectively. 

Quantitative  Determinations. 

A.  Carbon  aud  hydrogen  in  absence  of  nitro- 
gen, halogens,  &o. 

The  simplest  and  most  convenient  method  for 
general  purposes  is  to  burn  the  compound  in  a 
glass  tube  in  a  current  of  ox3'gen,  assisted  by 
cupric  oxide  ;  the  carbon  is  converted  into  car- 
bon dioxide,  which  is  absorbed  by  potash  ;  the 
hydrogen  is  converted  into  water  which  is  ab- 
sorbed by  calcium  chloride. 

Erlenmeyer's  modification  of  Von  Babo's 
furnace  is  generally  employed.  The  heat  is 
supplied  by  a  row  of  20  to  2.5  Bunsen  burners, 
each  of  which  is  provided  with  a  tap  and  a  per- 
forated collar  for  regulating  the  supjjly  of  air. 
The  flames  strike  the  under  side  of  a  semicircular 
fire-clay  or  sheet-iron  trough  or  gutter  in  which 
the  combustion  tube  rests  on  a  layer  of  magnesia 
or  asbestos.  Inclined  at  an  angle  over  this 
gutter  on  either  side  is  a  row  of  fire-clay  tiles 
by  which  the  flame  is  reverberated  upon  the 
upper  part  of  the  glass  tube,  which  is  thus 
heated  all  round.  Each  tile  can  be  pulled  back 
and  rested  against  an  iron  rail  which  runs  down 
each  side  of  the  furnace,  and  thus  any  part  of 
the  tube  can  be  readily  examined,  and  more- 
over the  tiles  can  be  made  to  assist  in  regulating 
the  temperature. 

In  Hofmann's  furnace  (A.  107,  39)  the  tube 
is  heated  by  two  double  rows  of  perforated 
cylindrical  fire-clay  burners  placed  over  ordinary 
fish-tail  burners.  The  tube  rests  upon  the  top  of 
a  central  row  of  much  shorter  burners.  The 
burners  are  inclosed  by  flat  vertical  tiles  and 
flat  tiles  are  laid  horizontally  on  the  toiJ. 

In  the  Glaser  (A.  Suppl.  7,  213)  furnace 
the  heat  is  provided  by  a  row  of  Bunsen 
burners.  The  tube  is  supported  by  a  series  of 
ocmicircular  perforated  iron  plates,  placed  close 


together.  The  flames  strike  the  bottom  of  these 
plates  and  then  pass  through  the  iserforations  and 
strike  against  the  fire-clay  covers,  by  which  they 
are  reverberated  on  the  tube,  so  that  the  latter  is 
heated  from  the  top  and  sides  as  well  as  from 
the  bottom.  The  tube  is  usually  wrapped  round 
with  wire  gauze.  This  furnace  w'ill  give  higher 
temperatures  thati  the  Erlenmeyer  furnace,  but 
consumes  more  gas. 

The  combustion  tube  should  consist  of  in- 
fusible potash  or  Bohemian  glass  1-5  to  2  mm. 
thick,  with  an  internal  diameter  of  12-1.3  mm 
It  should  be  of  such  a  length  that  it  projects 
about  2  cm.  from  each  end  of  the  gutter.  Pieces 
of  copper  wire  gauze  about  2  cm.  broad,  boated  in 
a  flame  to  remove  grease,  are  rolled  up  into  plugs 
which  fit  moderately  tightly  in  the  tube,  and  one 
of  these  plugs  is  pushed  into  the  tube  to  a 
distance  of  about  25  cm.  from  one  end.  The 
tube  is  then  filled  with  fieshly  ignited  granu'ar 
cupric  oxide  to  within  5  or  0  cm.  of  the  other  end, 
and  a  second  plug  is  inserted.  The  granules  of 
cupric  oxide  should  be  fairly  regular  in  size,  and 
1-5  to  2  mm.  cube.  Another  plug  about  10  cm. 
long  is  made  by  rolling  a  ijiece  of  oopper  gauze 
round  a  stout  copper  wire  12  cm.  long,  and  bend- 
ing the  projecting  end  of  the  latter  into  a  loop 
by  means  of  which  it  can  be  withdrawn  from  the 
tube.  This  plug  is  placed  in  the  other  end  of  the 
tube  behind  the  boat.  The  end  of  the  tube 
nearest  to  the  copper  oxide  is  fitted  with  a  dry 
caoutchouc  cork  perforated  to  receive  the  tube 
of  the  absorption  apparatus ;  the  other  end  is 
closed  by  a  similar  cork  which  carries  a  piece  of 
tubing  of  very  narrow  bore,  which  is  connected 
with  tlie  apparatus  for  drying  the  oxygen. 

The  substance  to  be  analysed  is  contained  in 
a  platinum  boat  about  70  mm.  long  and  8  mm. 
deep,  of  such  diameter  that  it  slides  easily  in  the 
combustion  tube.  It  may  conveniently  be  in- 
closed in  a  small  well-corked  tube  whilst  being 
weighed. 

The  water  is  absorbed  by  granulated  anhy- 
drous calcium  chloride,  which  is  treated  with  a 
current  of  dry  carbon  dioxide  and  then  with 
a  current  of  dry  air  to  convert  any  calcium  oxide 
present  into  carbonate  and  thus  prevent  the 
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absorption  of  carbonic  anhydride.  The  calcium 
chloride  may  be  contained  in  a  straight  tube  or  a 
U-tube.  The  former  consists  of  a  tube  about 
13  cm.  long  and  12-15  mm.  diameter,  terminating 
in  a  bulb  connected  with  a  second  smaller  bulb 
which  terminates  in  a  short  tube  of  about  2  mm. 
internal  diameter  fitting  directly  into  the  cork 
in  the  front  end  of  the  combustion  tube.  The 
smaller  bulb  is  empty  aud  serves  to  condense 
the  greater  part  of  the  water,  but  the  larger 
bulb  and  the  wider  tube  are  filled  with  calcium 
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chloride  kept  in  its  position  by  plugs  of  cotton 
wool. 

If  a  U-tube  is  employed  it  should  be  provided 
with  a  small  side  bulb  for  condensing  the  water, 
the  tube  from  this  bulb  fitting  directly  into  the 
cork  in  the  combustion  tube,  whilst  the  other 
limb  of  the  U  tube  is  closed  by  a  caoutchouc 
cork  carrying  a  narrow  tube  bent  at  a  right 
angle  and  connected  with  the  potash  bulb.  In 
the  absence  of  the  side  bulb,  each  limb  of  the 
tube  is  closed  by  a  caoutchouc  cork  carrying  a 
narrow  tube  bent  at  a  right  angle,  one  of  these 
tubes  fitting  directly  into  the  cork  of  the  com- 
bustion tube,  and  the  other  being  connected  with 
the  potash  bulb.  A  small  test  tube,  2-3  cm. 
long,  placed  in  the  upper  part  of  the  first 
limb  of  the  U-tube,  collects  the  greater  part 
of  the  water,  and  thus  protects  the  calcium 
chloride. 

A  U"tube  containing  pumice  moistened  with 
strong  sulphuric  acid  may  also  be  used  to  collect 
the  water,  but  bulbs  filled  with  the  acid  must 
not  be  used,  since  it  dissolves  an  appreciable 
quantity  of  carbon  dioxide.  Whether  calcium 
chloride  or  sulphuric  acid  is  used  to  absorb 
the  water,  the  s.ime  substance  must  be  used  to 
dry  the  current  of  oxygen. 

The  carbon  dioxide  is  absorbed  in  a  strong 
solution  of  potassium  hydroxide  made  by  dis- 
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solving  this  substance  in  an  equal  quantity  of 
water.  The  solution  is  contained  in  '  potash 
bulbs,'  of  which  there  are  many  forms.  Geissler's 
is  the  most  convenient,  since  it  will  stand  on  its 
own  base  (No.  1,  fig.  19).  Liebig's  original  form 
(No.  2)  is  still  used,  but  the  more  recent  form 
devised  by  Winkler  (No.  3)  probably  secures  the 
most  efficient  absorption,  especially  when  the 
current  of  gas  is  somewhat  rapid.  The  Geissler 
or  Liebig  bulbs  must  contain  such  a  quantity  of 
potash  solution  that  it  wa.shes  up  to  a  certain 
extent  in  the  last  bulb,  but  yet  is  not  sufficient 
to  till  the  large  first  bulb  in  case  a  vacuum  is 
produced  by  rapid  absorption  of  the  gas.  In  ad- 
dition to  the  potash  bulbs,  a  U-tube  filled  with 
granulated  soda-lime,  with  a  layer  of  calcium  chlo- 
ride 2  cm.  deep  in  the  upper  part  of  each  limb, 
is  used  to  absorb  the  last  traces  of  the  gas  and 
any  small  quantity  of  moisture  that  may  be  given 
off  from  the  potash  solution.  Two  such  soda- 
lime  tubes  may  be  used  in  place  of  potash  bulbs. 

The  tube  containing  the  soda-lime  is  con- 
nected with  a  U-tube  filled  w"ith  calcium  chloride, 
to  protect  the  absorption  apparatus  from  mois- 
ture, and  this  is  connected  with  a  bell  jar  stand- 
ing in  a  trough  filled  with  water.  The  water  is 
sucked  up  in  the  bell  jar  to  a  height  of  about 
20  cm.  above  the  level  of  the  liquid  in  the 
trough,  and  thus  the  combustion  is  conducted 
under  slightly  reduced  pressure,  and  the  risk  of 
any  outward  leakage  of  the  gases  is  removed. 


A  screw  pinchcock  is  placed  on  the  cacutchouc 
tube  connecting  the  bell  jar  with  the  absorjitiou 
apparatus. 

The  oxygen  is  dried  and  purified  by  passing 
through  a  strong  solution  of  potash  and  then 
through  two  long  U-tubes  containing  calcium 
chloride.  Instead  of  the  U-t"bes  we  may 
use  a  tall  cylinder  with  the  lower  half  filb  d 
with  soda-lime  and  the  upper  with  calcium 
chloride. 

The  oixratiou. — The  cube  is  placed  in  the 
furnace  and  connected  at  one  end  with  the  dry- 
ing apparatus  and  at  the  other  with  the  calcium 
chloride  tube  and  bell  jar,  but  not  with  the 
absorption  ap)paratus.  It  is  gradually  heated  to 
redness,  a  current  of  dry  oxygen  is  passed 
through  for  half-an-hour  to  remove  all  moisture 
and  organic  matter,  and  the  tube  is  allowed  to 
cool.  The  solid  or  non-volatile  liquid  substance 
is  weighed  into  the  platinum  boat,  which  ii 
introduced  into  the  tube  by  removing  the  long 
copper  plug  at  the  back,  and  the  latter  is  then 
replaced.  The  front  end  of  the  tube  is  then 
connected  with  the  absorption  apparatus  and 
the  bell-jar,  and  the  other  end  is  connected 
with  the  drying  tubes  and  the  oxygen  reservoir. 
If  the  apparatus  is  airtight  the  water  in  the 
bell  jar  should  remain  at  the  same  height, 
and  no  bubbles  should  pass  through  the  ab- 
sorption apparatus  so  long  as  the  oxygen  tap 
is  turned  off.  The  burners  under  the  front 
part  of  the  tube  are  now  lighted  and  the 
temperature  gradually  raised  until  the  tulie  is 
at  a  dull  red  heat  to  within  12  cm.  of  the  boat. 
The  tube  in  contact  with  the  cork  at  the  front 
end  should  be  so  hot  that  it  can  only  just  be 
touched  by  the  finger,  and  this  temperature 
should  be  maintained  throughout  the  o]peration 
by  regulating  the  first  two  burners,  in  order  to 
prevent  condensation  of  moisture  without  de- 
composing the  cork.  If  any  water  should  con- 
dense it  may  be  volatilised  by  bringing  one  of 
the  hot  tiles  close  over  the  tube.  The  last  two 
I  or  three  burners  under  the  long  copper  jslug  at 
the  back  are  now  lighted  and  the  temperature 
gradually  raised  to  dull  redness,  wdiilst  at  the 
same  time  the  copper  oxide  is  heated  to  within 
j  5-6  cm.  of  the  boat,  and  a  current  of  oxygen  is 
passed  through  the  tube  at  the  rate  of  a  bubble 
every  two  seconds.  One  of  the  burners  under 
I  the  boat  is  then  lighted  and  the  boat  very 
'  gradually  heated,  combustion  being  regulated 
!  so  that  the  bubbles  jpassing  into  the  potash  bulbs 
'  can  easily  be  counted.  When  the  substance  is 
completely  carbonised  the  temperature  of  the 
boat  is  raised  and  the  current  of  oxygen  increased 
to  a  bubble  per  second.  Towards  the  close  of 
the  operation  the  boat  is  heated  to  redness  and 
a  somewhat  more  rapid  current  of  gas  is  jsassed. 
It  is  not  necessary  to  heat  the  tube  above  red- 
ness and  a  higher  temperature  produces  distor- 
tion. When  combustion  is  complete  the  current 
of  oxygen  is  continued  for  a  short  time  to  drive 
out  all  carbon  dioxide  and  reoxidisc  any  reduced 
copper.  When  the  oxygen  bubbles  through 
the  23otash  bulbs  at  the  same  rate  as  through 
the  drying  apparatus,  the  oxygen  reservoir 
is  disconnected  and  a  current  of  air  is  drawn 
through  the  whole  apparatus  to  expel  the  oxygen. 
At  the  same  time  the  tube  is  gradually  cooled 
and  is  ready  for  a  second  operation.    If  the 

1-2 


148 


ANALYSIS. 


tube  is  carefully  heated  and  cooled  it  may  ba 
used  for  a  very  large  number  of  analyses.  The 
absorption  apparatus  is  disconnected  and  weighed. 
All  the  weighings  should  be  made  without  the 
plugs  of  caoutchouc  tubing  and  glass  rod  which 
are  used  to  protect  the  contents  of  the  tubes  and 
bulbs  from  the  air. 

Volatile  liquids  are  inclosed  in  a  small  thin 
cylindrical  glass  bulb  3  cm.  long,  with  a  capillary 
neck,  readily  made  by  drawing  out  a  piece  of 
wider  tubing.  It  is  weighed,  gently  heated,  and 
the  capillary  tube  immersed  beneath  the  liquid. 
As  the  tube  cools  a  small  quantity  of  the  liquid 
enters.  This  is  heated  to  boiling,  and  when  the 
air  is  expelled  the  end  of  the  tube  is  again 
placed  in  the  liquid,  and  when  the  vapour  con- 
denses the  bulb  is  completely  filled.  If  the 
liquid  is  very  volatile  the  capillary  end  may  be 
sealed  before  weighing  the  tube,  but  usually  this 
is  not  necessary.  The  bulb  is  placed  in  the 
boat  with  the  capillary  end  open  and  directed 
towards  the  copper  oxide.  Combustion  is  con- 
ducted as  already  described,  but  much  greater 
care  is  required,  especially  if  the  liquid  is  very 
volatile.  The  front  part  of  the  copper  oxide 
must  be  quite  red-hot  before  the  liquid  begins 
to  volatilise,  and  it  is  advisable  that  the  bulb 
be  empty  before  the  copper  oxide  near  the 
boat  is  heated.  With  an  iron  gutter  suffioieht 
heat  is  conducted  to  vapourise  volatile  liquids, 
but  in  other  cases  a  very  low  flame  may  be 
used  or  one  of  the  hot  tiles  may  be  held  over 
the  boat.  In  all  cases  it  is  difficult  to  prevent 
diffusion  of  vapour  into  the  back  of  the  tube  and 
even  into  the  drying  apparatus.  The  long 
copper  plug  at  the  back  increases  the  speed  of 
the  current  by  decreasing  the  diameter  of  the 
passage,  and  the  narrow  diameter  of  the  en- 
trance tube  assists  in  a  similar  manner,  but  in 
all  oases  of  the  analysis  of  a  volatile  substance 
a  slow  current  of  air  should  be  passed  almost 
from  the  beginning.  Later,  oxygen  should  be 
passed,  but  not  too  soon,  otherwise  an  explosive 
mixture  may  be  formed.  The  open  tube  in  fact 
does  not  yield  such  satisfactory  results  with 
volatile  liquids  as  with  other  substances,  and 
in  such  cases  combustion  should  be  made  by  the 
following  method : — 

B.  Liebig's  original  iiiethod  as  modified  by 
Bunsen.  Granular  copper  oxide  and  some  of  the 
finely  divided  oxide  are  heated  strongly,  and  while 
still  hotare  placed  in  flasks  with  long  neckswhich 
are  then  tightly  corked.    The  combustion  tube 


Fig.  20. 


is  drawn  out  at  one  oul  in  the  manner  shewn 
in  the  figure,  and  sealed  at  the  point  a.  A  layer 
of  granular  copper  oxide  about  10  cm.  long  is 
iu'st  introduced  by  placing  the  combustion  tube 
into  the  neck  of  the  flask  containing  it,  and 


then  2-3  cm.  of  the  finely  divided  oxide.  The  sub- 
stance (about  0'5  gram)  is  now  introduced  from  a 
long  narrow  weighing  tube  which  can  be  inserted 
into  the  mouth  of  the  combustion  tube,  and  5-6 
cm.  of  the  finely  divided  oxide  is  added  and  inti- 
mately mixed  with  the  substance  by  means  of 
a  long  coijper  wire  the  lower  end  of 

which  has  two  tmsts  like  a  cork-      '  ' 

screw.    The  wire  and  sides  of  the 
tube  are  rinsed  with  some  of  the 
oxide,  and  the  tube  is  filled  with 
the  granular  oxide  to  within  5-6  cm.  I 
of  the  top,  and  a  plug  of  copper  W 
gauze  inserted.   Every  care  must  be  p 
taken  to  prevent  absorption  of  mois-  p 
ture  by  the  copper  oxide.    The  re-  p 
mainder  of  the  operation  is  con-  ^^Sv 
ducted  as  described  above,  and  when  /^J^^^ 
combustion  is  complete  the  drawn-  ^^^^^m, 
out  end  of  the  tube  is  connected  with  ^^^^^^ 
a  drying  apparatus,  the  tip  broken  ofi  ^^^^B' 
inside  the  caoutchouc  tube,  and  a  ^^^^ 
current  of  oxygen  and  afterwards  of    Fig.  21. 
air  passed  through  the  api^aratus. 

In  whichever  way  the  combustion  is  made  it 
is  found  that  the  percentage  of  hydrogen  is 
always  about  0'l-0-15  too  high,  a  result  at- 

FiG.  22. 

tributed  to  the  difiiculty  of  perfectly  drying  the 
copper  oxide  <fec.  It  is  frequently  stated  that  an 
open  tube  rarely  gives  correct  results  the  first 
time  it  is  used  ;  but  this  is  solely  due  to  neglect 
of  the  jirecaution  of  first  heating  in  a  current  of 
oxygen  (p.  147). 

C.  Combustion  with  lead  chromate.  Sub- 
stances such  as  graphite,  resins,  &c.  which  are 
oxidised  with  great  difficulty,  should  be  burnt 
with  lead  chromate  or  in  extreme  cases  with 
lead  chromate  containing  10  p.c.  of  potassium 
bichromate.  The  chromate  is  precipitated  by 
adding  potassium  bichromate  to  a  solution  of 
lead  nitrate,  washed,  dried,  fused,  and  then 
granulated.  It  is  heated  immediately  before 
being  used,  and  the  tube  is  filled  in  the  same 
manner  as  with  copper  oxide  in  B.  The  efficiency 
of  the  lead  chromate  depends  mainly  on  the  fact 
that  at  a  high  temperature  it  fuses.  After  being 
used  it  is  heated  with  nitric  acid  in  order  to 
remove  the  reduced  oxides,  and  is  washed,  dried, 
and  re-fused. 

Carbon  and  hydrogen  in  presence  of  nitro- 
gen, halogens,  &c.  When  nitrogen  is  present 
it  is  partly  converted  into  nitrogen  oxides,  which 
are  absorbed  by  the  potash.  In  order  to  avoid 
this  source  of  error,  the  front  of  the  tube  con- 
tains plugs  of  copper  wire  gauze  or  a  layer  of 
granulated  metallic  copper  12  to  15  cm.  in  length 
reduced  in  carbonic  oxide  {v.  p.  15).  The  copper 
is  heated  to  redness  throughout  the  operation, 
and  the  nitrogen  oxides  are  decomposed  with 
absorption  of  oxygen  and  liberation  of  ni- 
trogen. 

Peikin  (C.  -J.  1880,  457)  employs  precipi- 
tated manganic  oxide  made  into  a  paste  with 
a  saturated  solution  of  potassium  chromate  con- 
taining 10  p.c.  of  dichromate,  dried  and  granu- 
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lated.  A  layer  of  this  mixtiive  15  cui.  long  is 
placed  in  the  front  of  the  tube  and  heated  to  200- 
250°C.  All  nitrogen  oxides  are  absorbed,  but 
if  the  mixture  is  heated  too  strongly  they  are 
partially  expelled.  After  each  analysis  the  man- 
ganic oxide  is  heated  more  strongly  whilst  a 
current  of  air  is  passed  through  the  tube,  and 
the  nitrogen  oxides  are  more  or  less  completely 
driven  off. 

The  halogens,  when  present,  form  haloid 
copper  salts  which  are  somewhat  volatile  and 
are  liable  to  be  carried  into  the  absorption 
ajoparatus.  In  such  cases  the  front  layer  of 
copper  may  be  replaced  by  silver  foil  or  gauze, 
which  decomposes  the  nitrogen  oxides  and  also 
absorbs  the  halogens.  Compounds  of  this  kind 
may  also  be  burnt  by  means  of  lead  chromate, 
as  in  C,  or  a  mixture  of  the  substance  with  lead 
chromate  may  be  placed  in  a  poi'celain  boat 
and  burnt  in  a  current  of  oxygen  in  the  usual 
way 

Sulphur  forms  sulphur  dioxide,  which  is  ab- 
sorbed by  the  potash.  Compounds  containing 
this  element  may  be  burnt  with  lead  chi-omate, 
care  being  taken  that  the  front  of  the  tube  is  not 
too  hot ;  or  the  front  of  the  tube  may  contain  a 
somewhat  longer  layer  of  manganic  oxide  and 
potassium  chromate,  the  front  half  being  kept  at 
200-250°  to  absorb  nitrogen  oxides  whilst  the 
rear  half  is  heated  to  dull  redness  and  absorbs 
the  sulishur  dioxide  (Perkin,  I.e.). 

Nitrogen.  This  element  is  determined  in 
the  form  of  ammonia  (Will  and  Varrentrapp, 
RutHe,  Kjeldahl),  or  in  the  form  of  nitrogen  gas, 
which  is  collected  and  measured,  the  weight 
being  calculated  from  the  volume  (Dumas,  Max- 
well Simpson). 

D.  Will  II ltd  Varrcntrapp's  method.  The  sub- 
stance is  heated  with  soda-lime  and  the  nitrogen 
is  evolved  as  ammonia,  which  is  absorbed  in 
hydrochloric  acid  and  estimated  by  means  of 
platinum  or  by  titration.  This  method  is  not 
applicable  to  azo-,  diazo-,  nitro-,  or  nitroso-  deri- 
vatives, nor  to  certain  albuminoid  substances. 

Soda-lime  is  prepared  by  slaking  2  jjarts  of 
good  quicklime  with  a  strong  solution  of  1  part 
of  sodium  hydroxide  free  from  nitrates  or  sul- 
phates. The  mixture  is  dried  by  heating  in  an 
iron  vessel,  granulated,  and  preserved  in  well- 
closed  bottles.  A  mixture  of  equal  parts  of 
calcium  hydroxide  and  anhydrous  sodium  car- 
bonate may  also  be  used. 

A  glass  tube  about  50  cm.  long  and  12  mm. 
diameter,  sealed  at  one  end,  is  filled  to  a  depth 
of  about  5  cm.  with  a  mixture  of  anhydrous 
oxalic  acid  and  granular  soda-lime,  and  a  short  ' 
plug  of  recently  ignited  asbestos  is  inserted.  { 
The  substance  is  intimately  mixed  with  sufficient 
finely  powdered  soda-lime  to  form  a  layer  about 
15  cm.  long,  and  is  quickly  introduced  into 
the  tube.  The  mortar  is  rinsed  with  a  small 
quantity  of  soda-lime,  whicli  is  also  put  in  the 
tube,  and  the  latter  is  then  filled  with  granular 
soda-lime  to  within  5  cm.  from  the  end  and  a 
loose  asbestos  plug  inserted.  The  tube  is  tapped 
to  form  a  channel  over  the  powdered  soda-lime 
for  the  escape  of  the  gases,  and  is  placed  in  a 
furnace,  which  may  be  considerably  shorter  than 
that  used  in  the  estimation  of  hydrogen  and 
oxygen.  The  combustion  tube  is  attached  by 
means  of  a  perforated  cork  to  an  apparatus  for 


absorbing  the  ammonia.  This  may  consist  of 
the  bulbs  originally  devised  by  Will  and  Var- 
rentrapp, or  of  an  ordinary  bulb  U'fu'je- 
Winkler  has  devised  a  combination  of  bulb 
and  flask  which  is  especially  convenient  for 
estimations  by  titration,  since  the  liquid  need 
not  be  transferred.  Ordinary  dilute  hydro- 
chloric acid  or  a  definite  volume  of  standard 
acid  is  placed  in  the  bulb.  The  tube  is  gradu- 
ally heated  to  redness,  beginning  at  the  end 
near  the  IJ-tube,  and  when  decomposition  is 
complete  the  oxalic  acid  at  the  back  is  heated 
and  the  ammonia  in  the  tube  is  driven  out  by 
the  current  of  carbonic  oxide  and  carbonic 
anhydride.  The  excess  of  acid  is  then  determined 
by  standard  alkali ;  or  the  liquid  is  evaporated 
with  platinic  chloride  as  in  an  ordinary  estimation 
of  ammonia,  and  the  precipitate  is  washed  with 
ethercontaiuiugasmall  quantityof  alcohol,  dried, 
heated  in  a  crucible  till  completely  decomposed, 
and  the  nitrogen  calculated  from  the  weight  of 
the  residual  platinum  ;  Pt  =  N,„  The  nitrogen 
frequently  forms  volatile  bases  other  than  am- 
monia, and  hence  the  platinum  precipitate 
cannot  be  weighed  as  such.  The  ratio  of  platinum 
to  nitrogen  is,  however,  the  same  in  all  cases. 
The  precipitate  is  washed  with  ether  because  if 
such  bases  are  present  it  may  be  soluble  in 
alcohol. 

It  is  important  that  the  front  part  of  the  tube 
be  heated  sufficiently  to  secure  complete  decom- 
position, but  the  temperature  must  not  be  too 
high,  otherwise  part  of  the  ammonia  itself  is 
decomposed  and  the  results  are  too  low.  Sub- 
stances rich  in  nitrogen  should  be  mixed  with 
some  pure  sugar  in  order  to  dilute  the  ammonia 
and  prevent  too  rapid  absorption. 

E.  Biifflfs  method  (C.  J.,  1881,  87).  This  is 
a  modification  of  the  preceding  metliod,  with  a 
view  to  make  it  applicable  to  nitro-  derivatives 
and  similar  comjjounds,  and  to  albuminoids. 
The  soda-lime  is  mixed  with  a  powerful  reducing 
agent  in  the  form  of  sodium  thiosuliihate,  and 
the  substance  itself  is  mixed  with  sulphur  and 
charcoal.  The  soda-lime  is  prepared  by  adding  a 
solution  of  IGO  grams  of  caustic  soda  in  an  equal 
weight  of  water,  to  50  grams  of  finely-powdered 
quicklime  from  marble,  and  drying  the  mix- 
ture. 

The  combustion  tube  is  of  iron,  about  60  cm. 
long  and  15  mm.  diameter.  21  grams  of  crystal- 
lised sodium  thiosulphate  is  mixed  with  18 
grams  of  soda-lime  and  5  grams  of  this  mixture 
is  placed  in  the  tube.  The  substance, ijreviously 
mixed  with  an  equal  weight  of  a  mixture  of 
finely-powdered  sulphur  and  wood  charcoal  in 
equal  proportions,  is  mixed  with  30  grams  of  the 
soda-lime  and  thiosulphate  and  the  mixture 
placed  in  the  tube,  followed  by  the  remainder  of 
the  soda-lime  and  thiosulphate.  18  grams  of 
ordinary  soda-lime  is  then  introduced,  and 
finally  a  plug  of  asbestos.  The  tube  is  placed  in 
the  furnace  and  tapped  to  produce  a  channel  for 
the  gases.  The  mixture  fills  the  tube  to  within 
about  20  cm.  from  the  open  end,  which  is  con- 
nected with  the  usual  absorption  a]:paratus.  The 
tube  is  gradually  heated  to  redness,  beginning  at 
about  10  cm.  from  the  front  end.  The  layer  of 
ordinary  soda-lime  in  the  front  of  the  tube 
absorbs  hydrogen  sulphide  wdiich  would  other- 
wise escape. 
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Arnold  finds  (B.  18,  806)  that,  except  in 
tlae  case  of  diazo-  compounds,  this  method  is 
generally  applicable.  The  results,  however,  are 
sometimes  too  low  in  consequence  of  the  forma- 
tion of  channels  in  the  tube,  and  he  projjoses  the 
following  modification  :  0-5-0-3  grams  of  the 
substance,  according  to  its  richness  in  nitrogen, 
is  mixed  with  a  mixture  of  2  parts  anhydrous 
sodium  thiosulphate,  1  part  soda-lime,  and  1  part 
sodium  formate,  in  suflicieut  quantity  to  form  a 
layer  12-15  cm.  long.  The  tube  is  filled  with  a 
layer  of  the  reduction  mixture  5  cm.  long,  then 
with  the  mixture  containing  the  substance,  then 
a  layer  15-20  cm.  long  of  a  mixture  of  2  parts 
soda-lime  and  1  part  each  of  sodium  formate 
and  thiosulphate,  and  finally  5  to  10  cm.  of 
ordinary  soda-lime.  No  channels  need  be  formed, 
since  the  heated  mass  is  porous  and  allows  the 
passage  of  the  gas.  The  temiierature  must  not 
be  sufficient  to  cause  partial  fusion. 

F.  Dumas'  method.  In  this  process  the 
hydrogen  and  carbon  are  burnt  by  means  of 
cupric  oxide  and  the  liberated  nitrogen  collected 
and  measured.  A  glass  tube  80  cm.  long,  12  to 
15  mm.  diameter,  sealed  like  a  test  tube  at  one 
end,  is  filled  to  a  length  of  12-15  cm.  with  dry 
sodium  hydrogen  carbonate,  4  cm.  of  cupric 
oxide  is  added,  and  then  an  intimate  mixture  of 
the  substance  (0-3  to  0-6  gram)  with  cupric 
oxide,  then  the  cupric  oxide  used  to  clean  the 
mortar,  a  layer  of  granular  cupric  oxide,  and 
finally  a  layer  of  reduced  granulated  copper  or 
copper-wire  gauze  not  less  than  15  cm.  in  length. 
The  tube  is  connected  by  means  of  a  cork  and 
bent  tube  with  an  apparatus  for  collecting  the 
nitrogen.  The  sodium 
carbonate  is  first  heated 
until  all  air  is  expelled  and 
the  issuing  gas  is  com- 
pletely absorbed  by  potash 
solution.  The  cojjper  is 
then  heated  to  redness, 
the  heat  being  gradually 
applied  to  the  whole  tube 
as  far  as  the  carbonate. 
When  combustion  has 
ceased  the  carbonate  is 
again  heated  until  all  the 
nitrogen  has  been  expelled. 

The  most  convenient 
form  of  apparatus  for  col- 
lecting the  nitrogen  is  that 
devised  by  H.  Schiff  (Fr.  7, 
430),  or  a  similar  form 
described  by  Groves  (C.  J. 
1880,  500).  The  former 
consists  of  a  burette  a  fitted 
with  a  heavy  foot  and 
provided  with  a  stopcock  c 
at  the  top.  Close  to  the 
bottom  is  a  tubulus  b  in- 
clined at  an  angle  of  about 
45°,  and  on  the  other  side 
is  another  tubulus  a  con- 
nected by  means  of  a  caoutchouc  tube  previously 
soaked  in  paraffin  with  aglobularreservoirs  which 
is  attached  to  the  burette  by  a  clip,  and  the  height 
of  which  is  readily  adjusted.  Mercury  is  poured 
into  the  burette  through  the  lower  tubulus  to  a 
height  of  2  or  3  mm.  above  the  lower  opening, 
and  the  reservoir  is  then  filled  with  a  solution  of 


potash  in  its  own  weight  of  water,  the  lower 
tubulus  being  closed  with  a  cork.  The  stopcock 
is  opened  and  the  reservoir  raised  until  the 
burette  is  completely  filled  with  the  potash 
solution.  The  stopcock  is  then  closed  and  the 
reservoir  lowered  to  the  bottom  of  the  burette. 
The  tubulus  may  now  be  opened  without  the 
mercury  or  potash  solution  being  forced  out. 
When  the  air  has  been  expelled  from  the  com- 
bustion tube  the  end  of  the  delivery  tube  is 
inserted  through  the  tubulus  and  the  nitrogen 
collected.  At  the  close  of  the  operation  the 
temperature  of  the  gas  is  allowed  to  become  con- 
stant, the  reservoir  is  raised  so  that  the  level  of 
the  liquid  is  the  same  as  in  the  burette,  and  the 
volume  of  the  nitrogen  is  read  off  together  with 
the  temperature  and  the  height  of  the  barometer. 
The  weight  of  the  nitrogen,  P,  is  then  calculated 
from  the  volume  by  means  of  the  formula 
p_V(B-/)0-001256 
(1-f  0-0036G<)7G0' 

where  V  is  the  observed  volume,  B  the  height 
of  the  barometer,  /  the  tension  of  aqueous 
vapour  at  the  temperature  t,  and  0"001256  the 
weight  of  1  c.c.  of  nitrogen  at  0°  and  760  mm. 

,        „  0-001256 

A  table  giving  the  values  of  

^  °  (l-f0-00366i)760 
for  different  temperatures  has  been  calculated 
by  J.  T.  Brown  (Fr.  4,  450). 

Gatterman  (Fr.  24,  57)  collects  the  nitrogen 
in  an  apparatus  similar  to  Schiff's,  but  not 
graduated.  A  bent  tube  of  small  diameter  com- 
pletely filled  with  water  is  attached  to  the  jet  of 
the  burette  by  means  of  caoutchouc  tubing.  By 
closing  the  lower  tubulus,  raising  the  potash 
reservoir  and  opening  the  stopcock,  the  gas  is 
driven  over  into  a  graduated  tube  standing  over 
water,  and  is  measured.  The  error  due  to  the 
unknown  vapour  tension  of  the  potash  solution 
is  thus  avoided,  but  the  vapour  tension  of  the 
water  at  the  particular  temperature  must  of 
course  be  taken  into  account.  Other  forms  of 
apparatus  are  described  by  Zulkowsky  (A.  182, 
29G.  Eoscoe  and  Schorlemmer's  Chemistry, 
3,  pt.  1,  74)  and  Schwarz  (B.  13,  771). 

G.  Maxwell  Simpson' s  modification  of  Dumas' 
method  (C.  J.  6,  290 ;  A.  95,  74) .  In  order  to  avoid 
the  formation  of  carbonic  oxide  and  nitric  oxide 
the  substance  is  burnt  with  a  mixture  of  cupric 
oxide  and  mercuric  oxide.  Into  a  tube  similar  to 
that  used  in  Dumas'  method  is  introduced  about 
12  grams  of  manganese  carbonate  or  granulated 
magnesite  mixed  with  2  grams  of  precipitated  mer- 
curic oxide,  followed  by  aplug  of  asbestos.  Another 
gram  of  mercuric  oxide  is  introduced  and  then  an 
intimate  mixture  of  0'5  gram  of  the  substance 
with  45  parts  of  a  previously  prepared  and 
thoroughly  dry  mixture  of  4  parts  ignited  cupric 
oxide  and  5  parts  precipitated  mercuric  oxide. 
The  mortar  and  the  sides  of  the  tube  are  rinsed 
with  a  similar  mixture  and  another  asbestos 
plug  is  introduced.  A  layer  of  granular  cupric 
oxide  about  9  cm.  in  length  and  a  layer  of  not 
less  than  20  cm.  granulated  copper,  kept  in 
position  by  another  asbestos  plug,  fill  the  re- 
mainder of  the  tube.  After  the  air  has  been 
expelled  by  heating  the  manganese  carbonate  or 
magnesite,  the  tube  is  gradually  heated  to  red- 
ness, beginning  from  the  front.  The  metallic 
copper  not  only  decomposes  nitrogen  oxides  but 
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also  absorbs  the  excess  of  oxygen.  The  gas  is 
collected  as  in  Dumas'  method,  the  magnesite 
or  manganese  carbonate  providing  the  carbon 
dioxide. 

Various  modifications  of  Dumas'  process  have 
been  proposed.  Thudichum  and  Wanklyn  use 
a  mixture  5  parts  normal  sodium  carbonate  and 
13  jsarts  fused  potassium  bichromate  in  place 
of  sodium  hydrogen  carbonate.  Groves  {I.e.), 
with  a  view  to  use  the  same  tube  repeatedly, 
places  the  mixture  of  carbonate  and  bichromate 
in  a  small  tube  connected  with  the  combustion 
tube  by  an  indiarubber  joint.  The  portion  of  the 
cupric  oxide  mixed  with  the  substance  is  sepa- 
rated from  the  layer  remaining  always  in  the 
tul)e  by  means  of  a  tight  plug  of  asbestos  and 
copper  gauze,  the  latter  keeping  a  free  passage 
for  the  gas. 

The  combustion  tube  may  be  open  at  both 
ends,  the  rear  being  connected  with  an  appara- 
tus for  generating  carbon  dioxide,  but  special 
precautions  must  be  taken  to  obtain  this  gas 
free  from  air  {v.  Warington,  C.  J.  1882,  3<16). 

In  both  Dumas'  method  and  Simpson's 
modification  the  combustion  tube  may  be  drawn, 
out  at  the  front  end  and  connected  with  a 
Sprcngel  mercury  pump  by  glass  tubing  joined 
by  short  pieces  of  caoutchouc  tubing,  the  joints 
being  surrounded  by  short  wide  tubes  filled 
with  water  or  glycerol.   A  bulb  is  blown  on  the 


Fig.  21. 

horizontal  part  of  the  glass  tube  at  the  end  near 
the  combustion  tube,  and  this  bulb  is  kept  cool 
during  tbe  operation,  and  serves  to  condense  the 
water  which  is  formed.  The  combustion  tube  is 
made  vacuous,  and  when  no  more  air  issues 
from  the  end  of  the  pump,  the  combustion  is 
conducted  in  the  ordinary  way,  the  gas  which  is 
evolved  being  pumped  out  by  the  Sprengel  joump 
and  collected  in  a  suitable  tube.  No  magnesite 
need  be  used.  The  copper  oxide  keeps  the  ex- 
hausted tube  from  collapsing  when  heated. 

In  many  cases,  especially  with  nitro-  deriva- 
tives, the  gas  evolved  is  a  mixture  of  nitrogen  with 
nitric  oxide,  the  latter  being  sometimes  present 
in  considerable  quantity.  It  is  advisable,  there- 
fore, to  transfer  the  gas  to  a  suitable  apparatus 
and  estimate  the  nitric  oxide  by  absorption  with 
ferrous  sulphate  solution  {v.  Gas  annb/.tin). 

Liquids  in  which  nitrogen  is  to  be  determined 
may  be  inclosed  in  bulbs  which  are  dropped  into 
the  combustion  tubes  as  in  the  determination  of 
bydiogeu  and  oxygen. 


The  copper  oxide  used  in  nitrogen  determi- 
nations should  be  prepared  by  heating  metallic 
copper  in  air  and  never  by  ignition  of  the 
nitrate,  since  in  the  latter  case  it  is  apt  to  contain 
basic  nitrates  which  evolve  nitrogen  on  heating. 

The  copper  used  in  nitrogen  determinations 
&o.  should  not  be  reduced  in  hydrogen,  since  it 
is  liable  to  occlude  this  gas.  It  may  be  reduced 
in  tlie  mixture  of  carbon  monoxide  and  carbon 
dioxide  obtained  by  heating  oxalic  acid  with 
strong  sulphuric  acid.  Plugs  of  cojjper  gauze 
may  also  be  reduced  by  heating  them  to  redness 
and  drojjping  them  into  a  test  tube  containing  a 
few  drops  of  formic  acid  or  methyl  alcohol.  The 
reduced  copper  is  carefully  dried  at  100°-110^. 

When  no  carbonate  is  used  and  the  gas  is 
simply  pumped  out  of  the  tube  and  collected 
over  mercury,  it  consists  of  a  mixture  of  car- 
bon dioxide  and  nitrogen.  If  the  former  is 
estimated  by  absorption  with  potash,  a  determi- 
nation of  the  carbon  may  be  combined  with  that 
of  nitrogen. 

Jannasch  and  Meyer  have  described  a  method 
for  the  simultaneous  estimation  of  carbon,  hy- 
drogen, and  nitio'en  (B.  19,  949  ;  A.  233,  375; 
Fr.  2(3,  8(3). 

H.  Kjeldahl's  method  (Fr.  22,  3G6).  The  sub- 
stance is  heated  with  concentrated  sulphuric 
acid  to  a  tenip3rature  approaching  the  boiling 
point  of  the  latter,  and  when  decomposition  is 
complete,  an  excess  of  solid  potassium  perman- 
ganate is  added.  Tlie  nitrogen  is  thus  converted 
into  ammonium  sulphate,  which  is  then  distilled 
with  excess  of  alkali  and  the  ammonia  collected 
and  estimated.  This  method  is  economical,  re- 
quires no  combustion  furnace  or  special  appara- 
tus, is  rapid,  and  requires  comisaratively  little 
attention,  so  that  a  large  number  of  determina- 
tions can  be  carried  on  at  the  same  time.  The 
substance  need  not  be  in  a  very  fine  state  of 
division,  and  the  method  is  especially  suitable 
for  liquid  and  pasty  substances  such  as  extracts. 

0'3  to  I'O  gram  of  the  substance,  according 
to  its  richness  in  nitrogen,  is  placed  in  a  round 
hard  glass  flask  of  about  100  c.c.  capacity,  with 
a  long  neck,  mixed  with  10  c.c.  of  the  strongest 
sulphuric  acid  free  from  ammonium  sulphate, 
and  heated  gradually  to  the  boiling-point  of  the 
acid,  without,  however,  actually  entering  into 
ebullition,  the  flask  being  inclined  in  order  to 
prevent  loss  by  spurting.  When  the  black 
liquid  has  become  light  coloured  but  not  neces- 
sarily colourless,  the  lamp  is  removed  and  finely 
powdered  potassium  permanganate  is  added  very 
gradually  until  the  liquid  has  a  dark-green  or 
bluish-green  colour.  It  is  then  rjeiithj  heated 
for  four  or  five  minutes,  allowed  to  cool,  and 
diluted  with  water.  After  again  cooling,  it  is 
transferred  to  a  flask  of  600-700  c.c.  capacity, 
mixed  with  an  excess  of  soda  solution  of  sp.gr. 
1-3,  free  from  ammonia,  and  connected  witn  a 
condenser,  the  tube  of  which  is  bent  over  so 
that  the  flask  is  inclined  and  no  liquid  can  be 
spurted  into  the  condenser.  The  liquid  is  then 
boiled  for  about  half  an  hour,  and  the  ammonia 
absorbed  in  standard  acid  and  estimated  by 
titration  as  in  an  ordinary  determination  of 
ammonia  (v.  Acidimetky). 

It  is  important  that  the  sulphuric  acid  em- 
ployed for  these  determinations  should  be  pro- 
tected from  ammonia,  and  the  soda  solutica 
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should  be  well  boiled  in  order  to  expel  any  am- 
monia which  it  may  contain.  The  purity  of  the 
reagents  is  best  ascertained  by  making  an  ex- 
periment with  pure  sugar.  If  a  small  quantity 
of  ammonia  is  present  the  same  quantity  of  the 
reagents  should  be  used  in  each  experiment, 
and  a  correction  made  for  the  ammonia  which 
they  contain. 

In  order  to  prevent  bumping  during  distilla- 
tion a  small  piece  of  zinc  may  be  placed  in  the 
flask,  but  it  is  essential  that  the  soda  should  be 
free  from  nitrites  and  nitrates,  which  would  be  re- 
duced and  yield  ammonia. 

The  time  required  for  the  operation  may  be 
considerably  shortened  by  using  sulphuric  acid 
containing  sulphuric  anhydride  or  phosphoric 
anhydride. 

The  method  as  thus  carried  out  is  applicable 
to  all  substances  which  can  be  analysed  by 
Will  and  Varrentrapp's  process,  and  to  many 
others.  It  does  not,  however,  estimate  the 
whole  of  the  nitrogen  in  nitro-  and  azo-  deriva- 
tives, nitrates,  nitrites,  <fec.  Various  modifica- 
tions have  been  made  with  a  view  to  shorten 
the  time  required  and  to  make  the  process  more 
generally  applicable. 

Heffter,  Hollrung,  and  Morgen  (Z.  8,  432) 
treat  1-0  to  1"5  gram  of  substance  with  20  c.c. 
of  a  mixture  of  4  vols,  ordinary  sulphuric  acid 
and  1  vol.  of  fuming  acid,  and  2  grams  of  phos- 
phorus pentoxide.  Kreusler  (Fr.  24,  453)  uses 
sulphuric  acid  containing  200  grams  of  phos- 
phorus pentoxide  per  litre. 

Wilfarth  (C.  C.  [3]  16,  17  and  113)  finds 
that  the  oxidation  of  the  organic  matter  takes 
place  much  more  rapidly  in  presence  of  certain 
metallic  oxides.  Mercuric  oxide  is  the  most 
eflicient,  but  cupric  oxide  answers  almost  equally 
■well.  The  former  produces  ammonia  deriva- 
tives which  are  not  readily  decomposed  by  soda, 
and  hence  the  alkaline  liquid  must  be  mixed 
with  some  potassium  sulphide  to  decompose  the 
mercury  compounds.  The  mercuric  sulphide 
formed  makes  the  liquid  boil  regularly  without 
the  addition  of  zinc.  Ulsch  recommends  the 
use  of  ferrous  sulphate  instead  of  potassium 
sulphide ;  it  may  be  added  before  the  soda. 

Warington  (C.  N.  52,  1G2)  removes  nitrites 
and  nitrates  by  boiling  with  ferrous  sulphate 
and  hydrochloric  acid. 

With  a  view  to  secure  the  reduction  of  nitro- 
derivatives  &c.,  and  thus  make  the  process 
generally  ai^ijlicable,  Asboth  (C.  C.  [3]  17,  161) 
mixes  0'5  gram  of  the  substance  with  1  gram  of 
pure  sugar  in  the  case  of  readily  oxidisable  com- 
pounds, and  with  2  grams  of  benzoic  acid  in 
the  case  of  nitrates  and  similar  derivatives. 
Most  probably  the  benzoic  acid  first  forms  nitro- 
derivatives,  which  are  afterwards  reduced.  He 
adds  Eochelle  salt  with  the  caustic  soda  in  order 
to  prevent  precipitation  of  manganese  &c.,  and 
thus  avoids  bumping  during  distillation.  With 
these  modifications  the  method  is  applicable  to 
all  nitrogen  compounds  except  those  of  the 
pyridine  and  quinoline  series.  E.  Arnold  {ib. 
p.  337)  uses  0-5  gram  anhydrous  cupric  sulphate 
and  1  gram  metallic  mercury  in  place  of  the 
oxides  as  recommended  by  Wilfarth,  and  heats  ) 
1  gram  of  the  substance  with  these  and  20  c.c. 
of  sulphuric  acid  containing  20-25  p.c.  of  phos- 
phorus pentoxide. 


C.  Arnold  (Ar.  Ph.  [3]  24,  785)  confirms 
Asboth's  statements,  but  finds  that  in  addition  to 
pyridine  and  quinoline  comijounds,  azo-  deriva- 
tives and  nitrites  yield  unsatisfactory  results. 
He  heats  0'5  gram  of  substance  with  0'5  gram 
anhydrous  cupric  sulphate,  1  gram  of  me- 
tallic mercury,  2  grams  phosphorus  pentoxide, 

1  gram  of  sugar,  and  in  case  of  nitrates,  &c., 

2  grams  of  benzoic  acid,  and  20  c.c.  of  sulphuric 
acid. 

Eeitmair  and  Stutzer  (Rep.  Anal.  Chem.  5, 
232  ;  Fr.  25,  582)  use  about  0-7  gram  of  mer- 
curic oxide  and  20  c.c.  of  sulphuric  acid,  with  a 
small  fragment  of  paraffin  in  the  case  of  sub- 
stances rich  in  fat.  They  regard  the  use  of 
phosphorus  pentoxide  as  unnecessary,  and  the 
use  of  fuming  sulphuric  acid  as  undesirable  on 
account  of  its  liability  to  contain  nitrogen 
oxides. 

Jodblauer  (C.  0.  [3]  17,  433)  uses  phenol- 
sulphonic  acid  in  place  of  benzoic  acid,  and 
reduces  with  zinc-dust.  He  thus  obtains  good 
results  even  with  nitrates.  Eeitmair  and  Stutzer 
(Eep.  Anal.  Ch.  7,  4)  find  that  the  nitrate  must 
be  somewhat  finely  divided.  0-5  to  I'O  gram  of 
the  substance  is  mixed  with  50  c.c.  of  sulphuric 
acid  containing  20  grams  of  phenol  per  litre, 
allowed  to  stand  for  a  short  time  with  occasional 
agitation,  mixed  with  2-3  grams  of  dry  zinc 
powder  and  1  or  2  drops  of  metallic  mercury, 
and  heated  in  the  usual  way.  Conversion  into 
ammonium  sulphate  requires  one  and  a  half 
hours. 

When  mercury  or  copper  salts  are  present 
the  addition  of  potassium  permanganate  is  fre- 
quently unnecessary.  It  is  safer,  however,  not 
to  omit  it. 

The  literature  of  nitrogen  determinations  is 
extremely  voluminous.  Summaries  of  the  most 
recent  contributions  will  be  found  in  Fr.  23, 
551 ;  24,  439 ;  25,  424  and  571  ;  26,  249  ;  and 
C.  N.  57,  62,  etseq.  In  addition  to  the  references 
already  given,  papers  relating  to  Kjeldahl's  pro- 
cess may  be  found  in  Fr.  24,  199,  388,  and  393 ; 
25,  149  and  155  ;  26,  92  ;  27,  222  and  398. 

Chlorine,  bromine,  and  iodine. 

By  lime.  A  tube  about  40  cm.  long  and 
7  mm.  diameter,  sealed  at  one  end  like  a  test 
tube,  is  filled  to  a  depth  of  5  cm.  with  pure 
granulated  quicklime.  The  substance  is  weighed 
into  the  tube  and  mixed  with  finely-powdered  lime 
by  means  of  a  copper  wire  twisted  at  the  end 
like  a  corkscrew.  The  wire  and  tube  are  rinsed 
with  lime,  the  tube  is  tilled  to  within  5  cm.  of 
the  open  end  with  granulated  lime,  and  a  loose 
plug  of  asbestos  or  glass  wool  is  inserted.  It  is 
then  fitted  with  a  cork  carrying  a  narrow  tube, 
the  end  of  which  just  dips  under  mercury  in  a 
crucible  or  small  beaker.  The  tube  is  gradually 
heated  to  redness  from  the  front.  When  cold 
the  contents  of  the  tube  are  dissolved  in  water 
slightly  acidified  with  nitric  acid,  filtered,  and 
the  halogen  precipitated  by  silver  nitrate. 

In  the  case  of  iodine  the  substance  is  dis- 
solved in  water,  filtered,  mixed  with  silver 
nitrate,  and  finally  acidified,  in  order  to  avoid 
liberation  of  iodine. 

When  the  substance  contains  nitrogen,  cyan- 
ides may  be  formed ;  but  this  is  avoided  by 
using  pure  soda-lime  in  place  of  lime.  If  the 
Ume  contains  sulphates,  some  sulphide  is  liable 
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to  be  produced.  On  the  preparation  of  pure 
lime  see  Fr.  4,  51  and  15,  5. 

Liquids  are  contained  in  small  bulbs  with 
capillary  openings,  which  are  dropped  into 
the  tube  before  tilling  up  with  lime.  The  tube 
must  be  very  gradually  heated,  and  should  be 
longer  than  usual. 

Carius's  method  (A.  116,  1 ;  136,  129  ;  B. 
3,  697).  The  substance  is  oxidised  by  heating 
with  nitric  acid  in  sealed  tubes  in  presence  of 
silver  nitrate.  In  many  cases  acid  of  sp.gr.  1'2 
and  a  temperature  of  120-200°  will  suffice  ;  but 
substances  which  are  more  difficult  to  oxidise 
require  acid  of  sp  gr.  1'42,  mixed  in  special 
cases  with  some  potassium  bichromate,  or  the 
fuming  acid  of  sp.gr.  1-5  may  be  used.  If 
necessary  the  tubes  may  be  heated  as  high  as 
300°.  The  quantity  of  acid  used  should  not  be 
more  than  twice  that  theoretically  required  for 
complete  oxidation,  and  the  tube  must  not  con- 
tain more  than  4  grams  of  nitric  acid  for  each 
50  c.c.  of  its  volume.  If  the  operation  is  pro- 
longed, it  is  desirable  to  reduce  the  pressure  in 
the  tube  by  oisening  it  from  time  to  time  by 
heating  the  capillary  end  of  the  previously 
cooled  tube  in  a  flame  until  it  softens,  when  the 
gas  forces  its  way  out. 

The  weighed  substance  is  inclosed  in  a 
narrow  tube  of  thin  glass  of  such  length  that 
its  mouth  projects  above  the  nitric  acid  in  the 
tube,  and  the  acid  does  not  come  in  contact 
with  the  substance  until  the  tube  is  sealed. 
The  tubes  used  should  be  about  15  mm.  in 
diameter  and  1-5-2  mm.  thick  in  the  glass. 
After  introduction  of  the  substance  they  are 
drawn  out  to  a  capillary  tube  with  thick  walls, 
which  is  then  sealed.  After  being  heated  any 
attempt  to  open  them  with  a  file  would  be  highly 
dangerous.  They  should  be  wrapped  in  a  cloth 
and  opened  by  softening  the  tip  of  the  capillary 
end  in  a  flame,  care  being  taken  that  the  tube 
is  held  in  such  a  way  that  the  liquid  cannot  be 
forced  out. 

The  silver  salt  formed  is  separated  and 
treated  in  the  usual  way. 

Sulphur  and  phosphorus. 

Non-volatile  substances.  Pure  potash  is  fused 
in  a  silver  dish  with  about  one-sixth  its  weight 
of  potassium  nitrate  and  a  little  water.  When 
cold  the  substance  is  weighed  into  the  dish, 
which  is  again  heated,  the  substance  being 
mixed  with  the  potash  by  means  of  a  silver 
spatula.  When  oxidation  is  complete  the  mass 
is  allowed  to  cool,  and  is  then  dissolved  in  water 
acidified  with  hydrochloric  acid,  and  the  sul- 
phuric or  phosphoric  acid  estimated  in  the  usual 
way. 

Garinss  method  is  carried  out  exactly  as  in 
the  estimation  of  the  halogens.  Sulphur  is 
oxidised  to  sulphuric  acid  and  phosphorus  to 
phosphoric  acid.  It  is  advisable  to  remove  the 
greater  part  of  the  nitric  acid  before  jirecipita- 
ting  as  barium  sulphate  or  magnesium  ammo- 
nium phosphate. 

Another  method  apislicable  to  volatile  and 
non-volatile  substances  is  as  follows  :  -  Into  a 
combustion  tube  40  cm.  long,  sealed  at  one  end, 
is  introduced  2-3  grams  of  pure  mercuric  oxide, 
then  a  mixture  of  the  substance  with  equal  pro- 
portions of  mercuric  oxide  and  pure  anhydrous 
sodium  carbonate,  and  the  remainder  of  the 


tube  is  filled  with  sodium  carbonate  mixed  with 
a  small  quantity  of  mercuric  oxide.  The  open 
end  of  the  tube  is  closed  by  a  cork  carrying  a 
glass  tube  dipping  under  water,  in  which  the 
mercury  is  condensed.  The  tube  is  carefully 
heated  so  that  the  front  layer  of  sodium  car- 
bonate is  red  hot  before  the  substance  begins  to 
volatilise.  The  substance  is  then  rapidly  heated 
so  that  decomposition  is  complete  in  about 
fifteen  minutes,  and  finally  the  mercuric  oxide 
at  the  rear  end  of  the  tube  is  heated  until 
oxygen  gas  issues  from  the  end  of  the  delivery- 
tube  (Russell,  C.  J.  1854,  212 ;  J.  Pr.  64,  230). 
The  contents  of  the  cooled  tube  are  dissolved 
in  water,  a  small  quantity  of  bromine  water 
added  to  oxidise  any  sulphide,  the  solution  acidi- 
fied with  hydrochloric  acid,  boiled  to  expel 
bromine,  and  the  sulphuric  acid  or  phosphoric 
acid  estimated  in  the  usual  way. 

Many  non-volatile  substances  may  be  oxidised 
by  heating  with  pure  concentrated  potash  solu- 
tion, diluting  with  twice  the  volume  of  water, 
and  treating  with  a  current  of  chlorine.  After 
complete  oxidation  the  solution  is  acidified, 
heated  to  expel  chlorine,  and  the  sulphuric  or 
phosphoric  acid  determined. 

Oxygen.  No  satisfactory  method  has  yet 
been  devised  for  the  direct  determination  of  this 
element,  and  it  is  usually  estimated  by  difference 
(v.  V.  Baumhauer,  A.  00,  228 ;  Fr.  5,  141  ; 
Stromeyer,  A.  117,  247;  Mitscherlich,  Fr.  6, 
136  ;  7,  272  ;  13,  74,  and  15,  371 ;  Ladenburg, 
A.  135,  1;  Maumen^',  C.  E.  65,  4.32;  and 
Cretin,  Fr.  13,  1). 

Calculation  of  results. — The  quantity  of  hy- 
drogen present  is  obtained  at  once  from  the 

relation  h  =  Z^iiiili^iZ^',  and  that  of  the 
9 

,      „  1  .■  carbon  dioxide 

carbon  from  the  relation  C  =   ■   and 

3-6364 

the  percentage  composition  is  calculated  in  the 
usual  way. 

In  order  to  obtain  the  empirical  formula  the 
j  percentage  numbers  are  divided  by  the  atomic 
j  weights  of  the  respective  elements,  and  the 
numbers  thus  obtained  are  the  ratios  of  the 
number  of  atoms  of  each  element  in  the  mole- 
1  cule.  For  example,  in  the  cn.so  of  theine  — 
j  Carbon      .       .       .       .  4!)-51 

I  Hydrogen  ....  5-22 

I  Nitrogen    ....  28-99 

I  Oxygen      ....  16-28 

100-00 

151^  =  4-13;  ^-  =  5-22;  ^:^  =  2-07;  l^^'  =  l-02. 

These  ratios  are  approximately  4:5:2:1,  and 
hence,  apart  from  all  other  considerations,  the 
simplest  formula  for  theine  is  C^H^NjO. 

Gas  analysis. 

!  The  experiments  of  Gay-Lussac  established 
long  ago  the  value,  from  a  scientific  point  of 
view,  of  the  determination  of  the  volumetric 
composition  of  gases  and  the  products  formed 
by  their  interaction  ;  but  it  is  only  within  recent 
times  that  the  methods  of  gas  analysis  have  been 
applied  to  any  great  extent  for  technical  pur- 
poses.   The  value  of  such  determinations  is  now 

'  generally  recognised  on  account  of  the  infomia- 
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tion  which  they  give  rpspecting  the  efficiency  of  i 
combustion,  the  progress  of  oijerations  in  whicL 
gases  are  consumed  or  proclucecl,  and  the  like. 

With  few  exceptions  the  volumetric  and  not 
the  gravimetric  composition  of  the  gas  is 
required,  and  the  measurements  are  essentially 
measurements  of  volumes.  The  gas  to  be  ex- 
amined is  confined  over  mercury  or  water  in  a 
suitable  measuring  apparatus,  and  its  composi- 
tion is  determined — (1)  by  treatment  wth  ap- 
propriate absorbing  reagents  and  measurement  of 
the  contraction  produced;  (2)  by  exploding  with 
oxygen  or  hydrogen  and  measuring  the  contrac- 
tion ;  (3)  by  exploding  with  oxygen  or  hydrogen, 
measuring  the  contraction,  and  then  treating 
with  absorbing  reagents,  and  measuring  the 
second  contraction.  Sulphur  dioxide  and  some 
other  gases  soluble  in  water  are  estimated  by 
titration,  a  definite  volume  of  the  gas  being 
drawn  through  a  measured  quantity  of  a  standard 
solution,  the  excess  of  which  is  afterwards  de- 
termined. 

The  highly  refined  and  accurate  methods  of 
gas  analysis  employed  for  purposes  of  research 
are  of  little  value  for  technical  purposes  on 
account  of  the  length  of  time  required  for  their 
execution.  Information  respecting  thesemethods 
may  be  found  in  Bunsen's  Gasometrische 
Methoden,  2nd  ed.  lf!77  ;  Sutton's  Volumetric 
Analysis,  5tb  ed.  1887  ;  Dittmar's  Exercises  in 
Quantitative  Analysis,  1887 ;  and  Watts'  Dic- 
tionary, V.  also  Thomas  (0.  J.  35,  213),  and 
Meyer  and  Seubert  (C.  J.  15,  581).  In  this 
article  only  those  methods  will  be  described 
which  are  available  for  technical  purposes. 

Measurements. — The  volume  which  a  given 
mass  of  gas  occupies  depends  on  the  tempera- 
ture, the  pressure,  and  the  proportion  of  mois- 
ture which  it  contains.  The  temperature  is  as- 
certained by  means  of  a  thermometer  attached 
to  or  suspended  near  to  the  measuring  vessel. 
Measurements  are  usually  made  under  atmo- 
spheric pressure,  and  this  is  determined  by  means 
of  a  barometer  placed  in  the  room  in  which  the 
analysis  is  made.    The  siphon  barometer  is  a 


convenient  form  of  instrnment  for  the  purpo5e, 
and  should  stand  on  the  table  close  to  the  gas 
apparatus.  In  case  the  level  of  the  mercury  or 
water  in  the  measuring  tube  is  higher  than  that 
in  the  trough  or  the  attached  tube,  the  true  pres- 
sure upon  the  gas  is  given  by  the  height  of  the 
barometer  minus  the  difference  between  the 
mercury  level  inside  and  outside  the  tube.  If 
water  is  used,  the  height  of  the  water  column 
divided  by  13'6  gives  the  height  of  the  corre- 
sponding column  of  mercury  with  sufficient  ac- 
curacy. It  is  better  to  eliminate  this  correction 
by  adjusting  the  liquid  so  that  it  is  at  the  same 
level  boll  'nside  and  outside  the  tube,  which  is 
easily  done. 

The  gas  must  be  either  perfectly  dry  or 
saturated  with  moisture.  If  an  indefinite 
quantity  of  water  vapour  is  present,  accurate 
measurements  are  impossible.  It  is  more  con- 
venient to  measure  the  gas  when  moist,  and 
hence  if  the  gas  is  confined  over  mercury  a  few 
droi3s  of  water  are  introduced  when  the  tube  is 
filled  with  the  mercury  and  this  water  is  taken 
up  by  the  gas.  Under  these  conditions  the  sur- 
rounding pressure  is  balanced  partly  by  the  gas 
and  partly  by  the  aqueous  vapour  which  it  con- 
tains, and  in  order  to  ascertain  the  pressure 
which  the  gas  itself  is  under,  the  tension  of 
aqueous  vapour  at  the  particular  temperature 
must  be  subtracted  from  the  height  of  the 
barometer.  The  formula  for  reducing  the 
volume  of  gas  to  the  standard  temperature  and 
pressure  (0°  and  760  mm.)  is — 

„  ^  V-f273x(E-/)     ,  y  ^  Vx(B-/) 

in  which  V  is  the  actual  reading,  t  the  tempera- 
ture, /  the  tension  of  aqueous  vapour  at  the 
temijerature  t,  and  B  the  height  of  the  baro- 
meter. The  reduction  of  the  height  of  the 
barometer  to  0°  is  necessary  for  accurate  calcula- 
tion, but  may  usually  be  omitted.  The  following 
table,  abbreviated  from  Bunsen's  Gasometrische 
Methoden,  gives  the  value  of  1 4- "003664  for  the 
ordinary  range  of  temperature  : — 


Number 

Los 

t° 

Nuttiber 

Log 

t° 

Number 

Log 

0° 

I'OOOOO 

0-00000 

11 

1-04026 

0-01714 

21 

1-07686 

0-03216 

1 

1-00366 

0-00159 

12 

1-04392 

0-01867 

22 

1-U8052 

0-03363 

2 

1-00732 

0  00317 

13 

1-0475  ( 

0-02019 

23 

1-08418 

0-03510 

3 

1-01098 

0-00474 

14 

1-05124 

0-02170 

24 

1-08784 

0-03656 

1 

1-01404 

0-00631 

15 

1-05490 

0-02321 

1  25 

1-09150 

0-03802 

5 

1-01830 

0-00788 

16 

1-05866 

0-02471 

26 

1-09516 

0-03948 

e 

1-02196 

0-00943 

17 

1-06222 

0-02621 

27 

1-09882 

0-04093 

7 

1-02562 

0-01099 

18 

1-06588 

0-02771 

28 

1-10248 

0-04237 

8 

1-02928 

0-01253 

19 

1-05954 

0-02921 

29 

1-10614 

0-04381 

9 

1-03294 

0-01407 

20 

1-07320 

0-03068 

30 

1-10980 

0-04524 

10 

1-03060 

0-01661 

When  the  estimations  are  made  rapidly,  and 
only  approximate  results  are  required,  the  cor- 
rections for  temperature  and  pressure  are  omitted, 
since  it  may  be  assumed  that  they  remain  con- 
stant during  the  analysis. 

The  following  plan,  described  by  Winkler, 
renders  the  use  of  the  barometer  and  thermo- 
meter unnecessary,  and  makes  the  calculation 
much  simpler.   It  is  au  adaptation  of  William- 


son and  Eussell's  method  of  always  measuring 
the  volume  of  the  gas  at  the  same  degree  of 
elasticity.  A  tube  about  1  metre  long,  closed 
at  one  end  and  graduated  to  120  cc.  in  tenths, 
is  moistened  internally  with  a  few  drops  of  water, 
and  mercury  is  poured  in  in  such  quantity  that 
when  the  tube  is  inverted  the  mercury  stands 
somewhat  higher  than  100.  The  volume  which 
100  cc.  of  air  measured  at  standard  temperature 
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and  pressure  should  occupy  under  the  conditions 
ilescribed  is  calculated  from  the  expression — 

„  _  (7C0-4-5)ll)0x(273  +  t)      (760-4-5)103x  (1  +  -00366O 
273  (B-/)  ^'^  _  B-/ 

and  air  is  carefully  introduced  into  the  tube  un- 
til, when  the  mercury  is  at  the  same  level  inside 
and  outside  the  tube,  it  stands  exactly  at  the 
calculated  volume.  The  tube  now  contains  a 
quantity  of  gas  saturated  with  moisture,  which, 
under  standard  conditions,  would  occupy  lOOc.c, 
but  its  actual  volume  varies  in  the  same  ratio  as 
the  volume  of  gas  to  be  measured.  The  two 
tubes  are  allowed  to  stand  side  by  side,  and 
when  the  levels  have  been  properly  adjusted  in 
each  case  the  volume  of  the  gas  to  be  measured 
and  the  volume  of  the  air  in  the  comparison  tube 
are  read  off.  The  volume  (under  standard  con- 
ditions) of  the  gas  under  examination  is  obtained 
by  the  proportion — 

V:  V.,::V/:  V;, 
in  which  V  is  the  actual  volume  of  air  in  the 
comparison-tube  ;  Vj,  its  volume  under  standard 
conditions,  which  is  always  100  ;  V,,  the  ob- 
served volume  of  the  gas  to  be  measured ;  and 
V(|',  is  volume  under  standard  conditions. 

During  the  operations  the  temperature  should 
be  kept  as  constant  as  possible,  and  the  readings 
should  be  taken  rapidly,  otherwise  the  proximity 
of  the  body  will  cause  variations  in  the  tem- 
perature of  the  gas.  It  is  an  advantage  to 
have  the  measuring  tube  surrounded  by  a  wider 
tube  which  is  filled  with  water.  The  most  ac- 
curate method  is  to  take  the  readings  through 
a  carefully  levelled  telescope  (a  cathetometer)  at 
a  distance  of  five  or  six  feet.  This  also  avoids 
parallax  (■;;.  p.  140).  The  measuring-tube  must 
be  vertical,  and  when  water  is  the  confining 
liquid,  sufficient  time  must  be  given  for  the  liquid 
to  run  down  the  sides  of  the  tube.  Not  unfre- 
quently  this  requires  several  minutes. 

Bcagcnts. 

All  liquid  re? gents  should  be  saturated  with 
the  gases  which  they  do  not  absorb  chemically. 
It  is  desirable  that  the  tensions  of  these  gases 
in  the  liquids  should  be  approximately  equal  to 
their  tensions  in  the  gases  which  are  to  be 
analysed,  in  order  to  avoid  exchanges  between 
the  gas  and  the  absorbing  liquid.  This  is  best 
secured  by  going  through  the  process  two  or 
three  times  without  making  measurements 
whenever  the  piisettes  have  been  freshly  tilled. 
Liquids  used  for  the  analysis  of,  say,  flue  gases, 
should  not  be  used  for  gases  of  a  different  cha- 
racter, i.e.  which  contain  the  constituents  in 
very  different  proportions. 

Bromine  ivater  is  used  for  absorbing  oletines. 
It  should  be  well  saturated  with  bromine  and  be 
kept  in  the  dark 

Cuprous  chloride  is  made  by  dissolving  50 
grams  of  cupric  oxide  in  hydrochloric  acid,  add- 
ing 50  grams  of  copper,  and  boiling  for  some 
time  with  as  little  exposure  to  air  as  possible. 
The  solution  is  then  diluted  to  1,000  c.c.  with 
hydrochloric  acid  of  sp.gr.  1-12,  and  allowed  to 
remain  in  contact  with  metallic  copper  in  a  closed 
vessel  until  the  solution  becomes  colourless. 
This  solution  attacks  mercury  rapidly. 

Cuproso-ammonimn  chloride  is  obtained  by 
dissolving  cuprous  chloride  in  ammonia.  It  does 
not  attack  mercury. 


Hydrogen  is  obtained  by  the  action  of  dilute 
sulphuric  acid  on  pure  zinc.  The  granulated 
zinc  may  be  placed  in  a  small  bottle  fitted  with 
a  capillary  delivery  tube  which  can  be  closed  by 
a  tap  or  pinchcock.  The  bottle  has  a  tubulus  at 
the  bottom,  and  is  connected  by  a  caoutchouc 
tube  with  a  similar  bottle  containing  dilute  sul- 
phuric acid.  The  latter  bottle  is  raised  so  that 
the  acid  runs  on  the  zinc,  and  the  action  is  allowed 
to  proceed  until  the  air  is  completely  expelled 
from  the  first  bottle.  The  tap  is  then  closed, 
and  the  acid  is  driven  back  into  the  second 
bottle  by  tlie  jJi'cssure  of  the  hydrogen.  It  is 
advisable  to  keep  the  second  bottle  at  a  slightly 
higher  level  than  the  first  to  avoid  any  chance 
of  air  leaking  in.  One  of  Hemisel's  tubulated 
absorption  bulbs  answers  admirably  (p.  159). 
The  zinc  is  attached  to  a  cork,  which  is  inserted 
in  the  tubulus  of  the  first  bulb,  and  the  acid  is 
introduced.  When  all  air  is  expelled  the  capil- 
lary tube  is  closed,  and  the  acid  is  driven  up  into 
the  second  bulb,  so  that  the  x^ipette  is  always 
charged  with  hydrogen  under  pressure. 

Oxygen  is  obtained  in  a  iDure  state  by  heating 
potassium  chlorate  without  manganese  dioxide. 
The  powdered  chlorate  is  contained  in  a  glass 
I  bulb,  the  neck  of  which  is  drawn  out  to  form  a 
narrow  delivery  tube. 

Phospliorus  is  employed  in  the  form  of  narrow 
sticks,  which  are  made  by  melting  it  under  warm 
water  and  drawing  it  up  into  narrow  glass  tubes. 
The  upper  ends  of  the  tubes  are  closed  by 
the  finger  and  they  are  plunged  into  cold 
water,  when  the  phosphorus  solidifies.  It  may 
also  be  used  in  a  granular  form,  obtained  by 
shaking  the  phosphorus  vigorously  with  warm 
water  in  a  well-closed  flask  until  it  solidifies. 

Potash  (or  soda)  for  Orsat's  apparatus  is 
dissolved  in  3  parts  of  water  and  the  solution 
kept  in  well-stoppered  bottles.  Hempel  uses  a 
solution  of  potash  in  two  jsarts  of  water,  which 
will  absorb  forty  times  its  volume  of  carbon 
dioxide.  It  may,  however,  be  used  somewhat 
more  dilute,  and  is  then  less  liable  to  attack  the 
glass. 

I'yrogallol  is  kept  in  the  solid  state,  and  only 
dissolved  immediately  before  being  used.  Orsat 
recommends  a  solution  of  25  grams  of  pyrogallol 
in  a  small  quantity  of  hot  water,  mixed  with 
150  c.c.  of  a  solution  of  1  part  of  caustic  soda  in 
3  parts  of  water.  Hempel  uses  a  mixture  of 
25  c.c.  of  a  20  p.c.  solution  of  pyrogallol  with 
75  c.c.  of  potash  solution  of  33'3  p.c.  This 
quantity  will  absorb  200  c.c.  of  oxygen. 

Sulphuric  acid  of  sp.gr.  1-84  is  used  as  a 
drying  agent  and  for  the  absorption  of  nitrogen 
oxides.  Acid  of  the  same  strength  mixed  with 
so  much  sulphuric  anhydride  that  it  remains 
liquid  at  the  ordinary  temperature  but  solidifies 
if  cooled,  is  used  for  absorbing  ethylene  and 
other  hydrocarbons. 

Water,  which  is  very  largely  used  for  con- 
fining the  gases,  should  be  well  saturated  with 
air,  but  should  not  contain  carbon  dioxide.  Dis- 
tilled water  is  preferable,  but  any  potable  water 
of  good  quality  may  be  used. 

Standard  sohitions  used  in  the  estimation  of 
gases  by  titration  are  known  as  normal  gas  solu- 
tions when  they  are  of  such  strength  that  1  c.c. 
of  the  solution  is  equivalent  to  1  c.c.  of  the  gas 
under  standard  conditions.    A  normal  gas  solu- 
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tion  of  iofline  for  the  estimation  of  sulphur 
dioxide  would  contaiu  11'333  grams  of  iodine 
per  litre,  and  the  thiosulphate  solution  used  in 
conjunction  with  it  would  be  of  equivalent 
strength. 

In  many  cases  it  is  the  weight  of  the  absorbed 
constituent  per  cubic  metre  or  cubic  foot  of  gas 
that  is  required,  and  the  ordinary  standard  solu- 
tions may  be  used. 

Methods  of  estimation. 
Ammonia,  by  titration. 

Benzene,  by  absorption  in  fuming  nitric  acid 
boiling  at  86°,  the  nitrogen  oxides  being  after- 
wards removed  by  potash.  Fuming  nitric  acid 
also  absorbs  carbon  dioxide  and  carbon  mon- 
oxide. Like  the  olefines,  benzene  is  absorbed 
by  fuming  sulphuric  acid  and  by  bromine  water, 
and  in  fact  no  absorption  method  is  at  present 
known  by  means  of  which  benzene  and  the 
olefines  can  be  separated  (B.  21,  3131). 

Carbon  dioxide,  by  absorption  in  potassium 
or  sodium  hydroxide. 

Carbon  monoxide,  by  absorption  in  a  saturated 
solution  of  cuprous  chloride  in  hydrochloric  acid 
or  ammonia.  It  seems  (B.  20,  2754)  that  these 
solutions  are  liable  to  give  off  part  of  the  dis- 
solved carbon  monoxide,  especially  after  they  have 
been  used  repeatedly.  The  error  is  less  with  the 
ammoniacal  solution,  and  is  reduced  if  the  solu- 
tion remains  in  contact  with  the  gas  for  some 
time.  The  cuprous  chloride  solution  should 
always  be  tolerably  fresh,  and  should  be  saturated 
with  hydrogen,  nitrogen  and  the  other  gases 
which  usually  occur  with  carbonic  oxide  (B. 
21,  898).  If  the  amount  of  carbon  monoxide  is 
small  it  should  be  converted  by  combustion 
{v.  Hydrogen)  into  carbon  dioxide,  which  is 
afterwards  absorbed  by  potash.  If  the  amount 
of  carbon  monoxide  is  large,  the  greater  part 
may  be  absorbed  by  cuprous  chloride  and  the  re- 
mainder removed  by  combustion  and  absorption. 

Hydrogen  is  converted  into  water  by  combus- 
tion with  air  or  oxygen,  and  the  volume  of  the 
hydrogen  is  represented  by  two-thirds  of  the  con- 
traction consequent  upon  combustion.  If  the 
gas  is  confined  over  mercury,  an  excess  of  pure 
oxygen  is  introduced,  the  volume  read  off,  and  the 
pressure  on  the  gas  reduced  considerably  below 
atmospheric  pressure  by  lowering  the  mercury 
in  the  level  tube.  The  lower  end  of  the  explosion 
tube  is  closed,  and  combination  is  initiated  by 
passing  a  spark  from  a  coil  between  the  platinum 
wires  which  are  fused  into  the  tube.  Tlie  pres- 
sure is  restored  to  the  normal,  and  when  the  gas 
has  cooled  the  volume  is  again  read  oS. 

When  the  gas  is  confined  over  water  it  is 
almost  impossible  to  obtain  satisfactory  combus- 
tion, and  it  is  much  more  convenient  to  pass  the 
combustible  mixture  over  gently-heated  spongy 
palladium.  This  is  prepared  by  dissolving  about 
two  grams  of  palladium  chloride  in  a  small 
quantity  of  water,  adding  a  small  quantity  of 
a  saturated  solution  of  sodium  formate  and 
sodium  carbonate  until  the  reaction  is  alkaline. 
About  1  gram  of  long  and  very  soft  asbestos 
fibres  is  introduced,  and  the  pasty  mass  is  dried 
at  a  gentle  heat.  In  this  way  the  asbestos  is 
obtained  covered  with  very  finely  divided  palla- 
dium. After  being  completely  dried  at  100°  it  is 
carefully  washed  with  water  to  remove  soluble 


salts  and  again  dried.  Some  of  the  fibres  are 
moistened  and  twisted  into  a  thread  about  a  cm. 
long,  which  is  then  introduced  into  the  middle 
of  a  stout  caxaillary  tube  about  15  cm.  long  and 
1  mm.  internal  diameter,  and  this  tube  is  bent 
at  a  right  angle  at  each  end  or  in  any  other  way 
convenient  for  its  attachment  to  the  measuring 
apparatus  containing  the  gas.  One  end  of  the 
capillary  is  in  communication  with  the  graduated 
tube,  and  the  other  with  a  bulb  pii^ette,  filled 
completely  with  water,  into  which  the  gas  is 


Fig.  25. 


passed.  A  small  gas  or  spirit  lamp  flame  is 
arranged  to  heat  that  part  of  the  capillary  which 
contains  the  asbestos.  When  the  other  gases 
have  been  estimated,  the  mixture  of  hydrogen 
and  nitrogen  which  remains  is  mixed  with  air 
by  lowering  the  level-vessel  until  the  pressure  is 
sufficiently  reduced,  and  then  putting  the  measur- 
ing tube  in  communication  with  the  air.  The 
stopcock  is  then  closed,  the  asbestos  very  gently 
heated,  and  the  gas  passed  slowly  through  the 
capillary  into  the  bulb  and  back  again  three  or 
four  times.  When  combustion  is  complete,  the 
volume  of  the  residual  gas  is  measured. 

Drehschmidt  (B.  21,3245)  prefers  a  platinum 
tube  20  cm.  long  and  2  mm.  thick,  with  a  bore 
0-7  mm.  diameter.  The  bore  is  almost  closed 
by  the  insertion  of  a  palladium  wire  extending 
through  the  whole  length  of  the  tube.  The  tube 
is  attached  to  a  burette  and  an  absorption  pipette 
in  the  same  manner  as  the  glass  tube,  5  to  6  cm. 
is  heated  to  redness  by  means  of  a  gas  flame, 
and  the  gas  is  passed  backwards  and  forwards 
until  there  is  no  further  alteration  of  volume. 
No  explosions  occur  even  with  mixtures  of 
hydrogen  and  oxygen  containing  only  a  slight 
excess  of  the  latter. 

Hydrochloric  acid  by  titration. 

Hydrogen  sulphide  by  titration. 

Hydrocarbons  other  than  olefines  are  esti- 
mated by  combustion,  preferably  with  oxygen 
over  mercury  under  reduced  pressure.  Acetylene 
and  benzene  may  be  burnt  over  palladium,  but 
require  a  somewhat  high  temperature.  Methane 
cannot  be  burnt  in  this  way  even  in  presence  of 
hydrogen.  The  combustion  of  this  gas  is  effected 
by  mixing  it  with  a  considerable  quantity  of  air 
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and  aspirating  the  mixture  tlirougli  a  short  tube 
containing  cupric  oxide  heated  to  redness  in  a 
small  combustion  furnace,  the  carbon  dioxide 
which  is  produced  being  absorbed  in  standard 
baryta  solution,  which  is  afterwards  titrated  with 
standard  oxalic  acid. 

Drehsohmidt  finds  (B.  21,  3249)  that  a  mix- 
ture of  methane  and  oxygen  can  readily  be 
burnt  in  a  platinum  tube,  as  above,  if  the  latter 
is  heated  to  bright  redness.  The  contraction 
is  observed,  and  the  carbon  dioxide  formed  is 
removed  and  the  volume  again  measured. 

Nitric  oxide  is .  converted  into  peroxide  by 
admixture  with  oxygen,  and  the  peroxide  is 
absorbed  by  potash,  the  excess  of  oxygen  being 
afterwards  absorbed  by  potash  and  pyrogallol. 
Nitric  oxide  may  also  be  absorbed  by  a  concen- 
trated solution  of  ferrous  sulphate,  but  this 
method  does  not  give  such  satisfactory  results. 

Nitrogen  peroxide  and  nitrous  anhydride  by 
titration ;  by  absorption  with  sulpihuric  acid  of 
sp.gr.  1-84 ;  or,  in  absence  of  carbon  dioxide 
and  other  absorbable  gases,  by  absorption  with 
potash. 

Oleftnes,  by  absorption  with  fuming  sulphuric 
acid,  acid  vapours  being  removed  by  potash ;  or 
by  absorption  in  bromine  water,  bromine  vapours 
being  afterwards  removed  by  potash. 

Oxygen,  by  absorption  with  alkaline  pyro- 
gallol. If  the  oxygen  is  present  in  greater  pro- 
portion than  20  p.c.  a  small  quantity  of  carbon 
monoxide  isevolvedfrom  the  pyrogallol  during  ab- 
sorption, and  hence  the  results  are  slightly  too  low. 
After  treatment  with  pyrogallol  the  gas  may  be 
passed  into  the  cuprous  chloride  bulbs  in  order 
to  remove  any  carbon  monoxide  that  may 
have  been  formed.  Usually,  however,  this  error 
has  no  material  influence  on  the  results.  Oxygen 
may  also  be  absorbed  by  phosphorus,  and  this 
has  the  advantage  that  the  presence  of  carbon 
dioxide  is  without  influence  on  the  result.  The 
temperature,  however,  must  not  be  below  18°, 
aird  the  absorption  is  prevented  by  the  presence 
of  ammonia,  oletines  and  other  hydrocarbons, 
alcohol,  &o. 

Oxygen  may  also  be  estimated  by  combustion 
with  hydrogen,  either  explosively  by  the  spark 
or  over  palladium-asbestos.  The  hydrogen  should 
be  evolved  from  commercial  '  pure  '  zinc  and 
pure  dilute  sulphuric  acid,  or  in  sijecial  cases 
from  magnesium  and  sulphuric  acid.  One-third 
of  the  contraction  consequent  upon  combustion 
gives  the  volume  of  the  oxygen. 

Sulphur  dioxide,  by  titration. 

In  the  ordinary  gases  from  flues,  generators, 
(fee,  the  constituents  are  estimated  in  the  follow- 
ing order :  Carbon  dioxide,  olefines  and  benzene, 
oxygen,  carbon  monoxide,  hydrogen,  methane, 
nitrogen  (as  residue  or  by  difference). 

If  acid  vapours  are  present  together  with  one 
or  more  of  the  above  gases  the  order  of  absorp- 
tion &c.  must  be  determined  by  circumstances. 

Ap]]aratus  and  manipulation. 
Collecting  samples.  The  gas  to  be  analysed 
is  usually  drawn  from  the  flue,  chamber,  &c.,  by 
aspirating  it  through  glass  tubes,  which  may  be 
termed  conducting  tubes.  When  the  tempera- 
ture is  high,  porcelain  tubes  may  be  used;  or  if 
the  gas  has  no  acid  properties,  iron  tubes  can  be 
employed.    When  samples  are  constantly  taken 


from  the  same  flue  cfec,  it  is  convenient  to  have 
a  short  piece  of  porcelain  or  iron  pipe  cemented 
into  the  wall  and  closed  at  the  outer  end  with  a 
plug,  which  is  readily  removed  when  the  sample 
is  taken.  In  cases  where  the  gases  are  originally 
at  a  high  temiDerature  and  possibly  in  a  state  of 
partial  dissociation,  it  is  important  to  draw  the 
sample  slowly  through  a  somewhat  long  tube  in 
order  that  the  gas  may  cool  slowly,  since  rapid 
cooling  of  the  gases  may  leave  them  in  a  partially 
dissociated  condition  and  thus  lead  to  erroneous 
results. 

The  sample  may  be  conveniently  collected  in 
the  measuring  apparatus  itself;  but  where  this  is 
not  possible,  a  cylindrical  glass  tube  a,  drawn 
out  at  the  upper  end  and  connected  with  a  stop- 
cock and  capillary  tube,  and  drawn  out  at  the 
lower  end  and  connected  by  caoutchouc  tubing 
with  a  similar  tube  b,  open  at  the  top,  makes  a 
convenient  sampler.  The  collecting  tube  may 
with  advantage  be  provided 
with  a  stopcock  at  the  bottom. 
Mr.  J.E.  Stead  uses  bottles  with 
a  tubulus  at  the  bottom.  The 
vessel  A  is  completely  filled 
with  water  or  mercury  by  rais- 
ing B  to  a  higher  level,  and 
the  ujjper  stopcock  is  closed. 
The  capillary  tube  is  connected 
with  the  conducting  tube,  and 
the  vessel  b  is  lowered  so  that 
when  the  stopcock  is  slowly 
opened  the  gas  is  drawn  into 
A,  and  the  water  or  mercury 
collects  in  b.  When  a  is  lilled 
the  stopcocks  are  closed.  The 
gas  is  readily  transferred  from 
A  to  the  measuring  vessel  by 
raising  b  and  carefully  opening 
the  stopcock. 

In  all  cases  the  air  in  the  con- 
ducting tube  must  be  expelled,  and  this  is  done  by 
placing  a  T  tube  between  the  end  of  the  tube  and 
the  collecting  vessel.  This  T  piece  is  connected 
with  an  aspirator,  and  the  tube  is  filled  with  the 
gas  before  the  stopcock  of  the  collecting  vessel  is 
opened.  When  the  collecting  vessel  is  provided 
with  a  three-way  cock,  the  aspirator  may  be  con- 
nected directly  with  the  latter.  Various  forms 
of  aspirator  may  be  used.  When  the  volume  of 
gas  to  be  aspirated  is  small  [e.g.  in  removing  air 


Fig.  26. 


Fig.  27. 


Fig.  28. 


from  the  conducting  tube),  a  small  globular 
indiarubber  aspirating  pump  is  very  convenient. 
For  larger  quantities  of  gas,  glass  bottles  with  a 
tubulus  or  stopcock  at  the  bottom  and  a  tube  or 
stopcock  at  the  top,  or  similar  vessels  of  sheet 
zinc  may  be  used.    They  are  filled  with  water, 


158 


ANALYSIS. 


i 


the  upi^er  tube  being  connected  with  the  tube 
which  passes  into  the  flue,  and  the  water  is 
allowed  to  flow  from  the  tap  at  the  bottom.  The 
volume  of  gas  aspirated  is  determined  by 
measuring  the  volume  of  water  which  flows  from 
the  aspirator,  and  correcting  this  volume  for 
temperature  &o.  in  the  usual  way  {v.  Aspikator). 

When  aspiration  is  to  be  continued  for  a  long 
time,  one  of  the  various  forms  of  water  pump 
may  be  used.  The  volume  of  air  asx^irated  in  a 
given  time  with  a  given  pressure  of  water  may 
be  determined  once  for  all  by  direct  measure- 
ment, or  a  small  gas  meter  may  be  placed  be- 
tween the  pump  and  the  vessel  into  which  the 
gas  is  passed. 

If  the  gas  has  to  be  kept  for  some  time  before 
analysis,  or  if  it  has  to  be  transported  from  one 
place  to  another,  it  may  be  collected  in  glass 
tubes  which  have  previously  been  drawn  out  at 
each  end.  As  soon  as  the  tubes  are  full  the  ends 
are  closed  by  stoppers  of  indiarubber  tube  and 
glass  rod,  or  are  hermetically  sealed  by  fusion. 
If  the  quantity  of  gas  is  large,  cylindrical  zinc 
vessels  with  conical  ends  closed  by  indiarubber 
corks  answer  very  well. 

Estimations  by  titration.  —  A  measured 
quantity  of  the  appropriate  standard  solution  is 
placed  in  a  flask  or  a  Woulff's  bottle  fitted  with 
two  tubes,  one  of  which  dips  into  the  liquid  and 
is  connected  with  the  tube  placed  in  the  flue 
&c.,  whilst  the  other  ends  just  below  the  cork 
and  is  connected  with  an  aspirator.  After  as- 
piration has  been  continued  for  a  suflicient 
length  of  time  the  excess  of  reagent  is  deter- 
mined by  titration.  The  volume  of  gas  aspirated 
is  determined  by  the  volume  of  water  which  has 
run  from  the  aspirator  or  by  means  of  a  gauge 
attached  to  the  aspirator.  Tliis  volume  of  water, 
however,  represents  a  volume  of  gas  saturated 
with  moisture  and  at  a  temperature  and  pressure 
which  must  be  determined  by  means  of  a  tlier- 
mometer  attached  to  the  aspirator  and  a  bai'o- 
meter  in  close  proximity ;  the  volume  under 
standard  conditions  is  calculated  in  the  usual 
way.  In  calculating  the  percentage  composition 
of  the  gas  it  must  be  borne  in  mind  that  the 
original  volume  of  the  gas  was  the  sum  of  the 
volumes  of  the  absorbed  constituent  and  the 
volume  which  has  passec^  into  the  aspirator. 

If  is  the  volume  oi  the  absorbed  gas  and 
v.,  the  volume  which  has  passed  into  the  aspira- 
tor,  both    under    standard   conditions,  then 

^y  '+  K '  ~  P^i'  cent,  of  Fi  by  volume. 

This  method  may  be  applied  in  the  estimation 
of— 

Ammonia,  by  absorption  in  sulphuric  acid 
and  titration  with  alkali. 

Carbon  dioxide  (in  small  quantities),  by  ab- 
sorption in  standard  baryta  solution  and  titra- 
tion with  oxalic  acid. 

Chlorine,  by  absorption  in  a  standard  solu- 
tion of  arsenious  oxide  in  sodium  carbonate, 
and  subsequent  titration  with  iodine  after 
saturating  with  carbon  dioxide. 

When  hydrochloric  acid  and  chlorine  occur 
together,  the  latter  is  determined  separately  in 
one  quantity,  and  a  second  quantity  is  absorbed 
in  the  solution  of  arsenious  oxide  in  sodium 
carbonate  free  from  chlorine,  and  the  total 
chlorine  is  determined  by  titration  with  silver 


nitrate,  using  Volhard's  thiocyanate  method. 
In  calculating  the  percentage  composition  it  is 
important  to  remember  that  1  vol.  of  chlorine 
produces  2  vols,  of  hydrochloric  acid. 

Hydrocliloric  acid,  by  absorption  in  sodium 
carbonate  and  titration  with  silver  nitrate,  or, 
in  absence  of  carbon  dioxide  and  other  acids, 
by  absorjption.  in  standard  potash  or  soda,  and 
subsequent  titration  with  an  acid. 

Hydrogen  sulphide,  by  absorption  in  standard 
iodine  and  titration  with  thiosulj)hate;  or  by 
absorption  in  bromine  water  and  gravimetric 
estimation  as  barium  sulphate. 

Jiitrogen  oxides,  by  absorption  in  acidified 
permanganate  solution  of  definite  strength,  the 
gas  being  passed  until  the  solution  is  just  de- 
colourised. This  method  gives  the  amount  of 
nitrogen  oxides  in  terms  of  their  reducing  power. 

Sulphur  dioxide,  by  absorption  in  standard 
iodine  solution  and  titration  with  thiosulphate, 
or  by  absorption  in  bromine  water  and  gravi- 
metric estimation  as  barium  sulphate.  This 
latter  plan  may  be  adopted  when  the  projjortion 
of  sulphur  dioxide  is  very  small  and  a  large 
volume  of  gas  must  be  aspirated. 

Measuring  and  absorption  apparatus. — Only 
those  forms  which  have  come  into  general  use 
and  are  of  wide  applicability  will  be  described 
here.  Descriptions  of  the  numerous  other  modi- 
fications will  be  found  in  Winkler's  Chem. 
Unters.  der  Industrie-Gase,  Winkler  and  Lunge's 
Technical  Gas  Analysis,  and  in  Fr. 

An  extremely  convenient  device  which  is 
applied  to  almost  all  the  forms  of  apparatus  is 
the  three-way  stopcock.     This  has  the  usual 


Fig.  29. 


transverse  bore,  but  the  plug  itself  is  elongated 
in  the  form  of  a  tube,  the  bore  of  which  is  con- 
tinued in  a  curved  direction  through  the  plug 
and  opens  at  the  side  in  the  same  plane,  but 
in  a  direction  at  right  angles  to  the  transverse 
bore.  By  means  of  this  tap  two  tubes  can  be 
made  to  communicate  with  one  another,  or  either 
of  them  separately  can  be  put  in  communication 
with  a  third  tube  or  with  the  air. 

Orsat's  apparatus. — The  measuring  tube  or 
burette  consists  of  a  cylindrical  bulb  terminating 
at  one  end  in  a  capillary  tube  and  at  the  other 
in  a  narrov/  tube  of  uniform  bore  graduated  in 
tenths  of  a  cubic  centimetre.  The  total  capacity 
of  the  tube  from  the  zero  to  the  capillary  is  100 
c.c,  and  the  lower  end  of  the  tube  is  connected 
by  caoutchouc  tubing  with  a  'level-bottle,'  the 
height  of  which  can  readily  be  adjusted.  The 
burette  is  inclosed  in  a  cylinder  which  is  filled 
with  water  at  a  constant  temperature.  The  ca- 
pillary from  the  upper  end  of  the  measuring  tube 
is  carried  horizontally  along  a  wooden  support. 
Other  capillary  tubes  provided  with  stopcocks  are 
fused  into  it  at  right  angles  and  communicate 
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by  means  of  very  short  lengths  of  stout  iu- 
(liarubber  tubing  with  the  absorption  pipettes, 
eacli  of  whicli  consists  of  a  pair  of  somewhat 
large  cylindrical  bull)S  communicating  at  the 
bottom  by  a  curved  tube.   Tlie  bulbs  nearest  the 


Fig.  30. 


capillary  tubes  are  fitted  with  short  lengths  of 
glass  tubing  so  that  a  large  surface  of  the  re- 
agent may  be  exposed,  and  the  other  bulbs 
receive  the  li(iuids  when  they  are  driven  out 
from  the  first  bulbs  by  the  gas.  Any  number 
of  bulbs  can,  of  course,  be  attached  to  the  main 
capillary,  and  at  the  end  of  it  there  is  a  three- 
way  tap  communicating  with  the  aspirating  tube 
or  with  the  air. 

The  burette  is  filled  with  water  by  placing 
the  liquid  in  the  level-bottle  and  raising  the 
latter,  and  the  stopcocks  are  then  closed.  The 
absorption  bulbs  are  rather  more  than  half  filled 
with  the  liquid  reagents  and  by  opening  the 
stopcocks  and  placing  the  level-bottle  below  the 
ajjparatus  the  liquids  are  drawn  up  so  as  to  fill 
completely  the  bulbs  connected  with  the  capil- 
laries.   The  stopcocks  are  tlien  closed. 

The  burette  is  filled  with  water  up  to  the 
capillary  tube  by  raising  the  level-bottle,  and  the 
far  end  of  the  capillary  tube  is  connected  with 
the  tube  along  which  the  gas  is  to  be  conducted. 
The  lower  end  of  the  three-way  tap  is  connected 
with  an  indiarubber  aspirator,  and  the  air  is 
removed  from  the  conducting  tube  by  aspirating 
the  gas  through  it.  The  level-bottle  is  then 
lowered,  the  tap  is  turned  through  90^,  and 
the  gas  is  drawn  into  the  burette.  When  a 
sufficient  volume  has  entered,  the  tap  is  closed, 
the  levels  inside  and  outside  the  ljurette  are 
adjusted  by  raising  the  level-bottle,  and  the 
volume  of  the  gas  is  read  off  as  soon  as  the 
temperature  is  constant.  If  it  is  desired  to 
operate  upon  exactly  100  c.c,  the  gas  is  drawn  in 
until  the  water  is  a  little  below  the  zero,  the  tap 
is  closed  and  the  level-bottle  is  raised  so  that  the 
gas  is  slightly  compressed  and  the  water  rises 
above  the  zero  (time  having  been  given  for  the 
liquid  to  run  down  from  the  sides  of  the  burette), 


and  the  indiarubber  tube  is  closed  by  a  pinch- 
cock.  The  level-bottle  is  again  lowered,  and  by 
cautiously  opening  the  pinchcock  the  water  is 
allowed  to  descend  exactly  to  the  zero,  and  the 
pinchcock  is  closed.  The  tap  at  the  end  of  the 
main  caijillary  is  opened  for  an  instant  so  that 
the  excess  of  gas  may  escape  and  the  100  c.c. 
remaining  in  the  burette  may  be  at  atmosx)hevic 
pressure. 

In  order  to  bring  the  gas  into  any  one  of  the 
absorption  bulbs,  tlie  level-bottle  is  raised  and 
the  tap  of  the  particular  bulb  is  opened.  The 
gas  passes  into  the  bulb,  and  by  alternately 
raising  and  lowering  the  level-bottle  the  gas  can 
be  passed  backwards  and  forwards  several  times, 
care  being  taken  that  the  absorbing  liquid  does 
not  pass  through  the  stopcock.  The  gas  is 
finally  drawn  off  so  that  the  absorbing  liquid 
just  reaches  the  stopcock,  the  latter  is  closed, 
and  after  readjusting  the  levels  the  volume  of 
gas  is  again  read  off.  After  making  the  neces- 
sary corrections,  the  decrease  in  volume  is  of 
course  the  volume  of  the  gas  which  has  been 
absorbed.  The  order  in  which  the  absorbing 
liquids  should  be  applied  has  already  been 
given  (p.  157). 

I;unge  has  added  to  this  apparatus  a  capil- 
lary tube  with  palladium  asbestos,  connected 
witli  a  bulb  similar  to  the  absor23tion  bulbs  but 
containing  water  only. 

HcmpcVs  (qipciratus. — The  measuring  appa- 
ratus consists  of  a  burette,  and  a  plain  tube 
of  the  same  length  and  diameter,  which  serves 
as  a  level-tube.  The  burette  holds  100  c.c. 
from  the  zero  to  tlie  capillary,  is  graduated  in 
tenths  of  a  c.c,  and  terminates  at  the  top  in  a 
capillary  tube  to  which  is  fitted  a  short  piece  of 
stout-walled  caoutchouc  tubing  closed  by  a 
pinchcock.  Both  the  burette  and  the  level-tube 
are  fixed  at  the  bottom  into  heavy  circular  stands, 
and  each  has  a  side  tubulus  near  the  bottom 
over  which  is  slipped  the  caoutchouc  tube  by 
which  they  are  connected.  It  is  advisable  to 
make  all  the  joints  secure  with  copper  wire.  In 
order  to  make  the  measurements  more  accurate 
the  burette  may  be  surrounded  by  a  wider  tube 
filled  with  cold  water  (Winkler). 

The  pinchcock  is  opened  and  both  tubes  are 
rather  more  than  half  filled  with  water.  The 
burette  is  completely  filled  with  water  by  raising 
the  level-tube  until  the  water  runs  out  of  the 
indiarubber  tube  at  the  top,  and  the  pinchcock 
is  then  closed.  By  means  of  the  indiarubber 
tube  the  burette  is  attached  to  the  conducting 
tube,  which  has  already  been  filled  with  the  gas, 
the  level-tube  is  lowered,  and  the  pinchcock 
opened.  When  sufficient  gas  has  been  drawn  in 
the  pinchcock  is  closed,  the  levels  adjusted,  and 
the  volume  read  off  in  the  usual  manner.  If  it 
is  desired  to  admit  exactly  100  c.c,  proceed  in 
the  same  way  as  described  under  Orsat's  ap- 
paratus. 

The  reagents  are  contained  in  ahsorption 
pipctics.  Simple  absorption  pipettes  consist  of 
two  bulbs  which  communicate  at  the  bottom  by 
a  bent  tube,  one  bulb  being  at  a  higher  level  than 
the  other.  The  upiper  p)art  of  the  lower  bulb 
terminates  in  a  straight  capillary  tube,  which  ex- 
tends to  a  slightly  greater  height  than  the  higher 
bulb  and  serves  to  connect  the  pipette  with  the 
burette.    In  the  tubulated  pipetto  the  bottom  of 
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the  lower  bulb  is  provided  with  a  tubulus,  -which 
can  be  closed  with  a  caoutchouc  stopper,  and 
through  which  solid  reagents  such  as  phos- 
phorus or  zinc  can  be  introduced.  A  composite 
absorption  pipette  consists  of  two  similar  pairs 
of  bulbs,  the  second  pair  containing  water  or 
some  other  liquid  which  protects  the  reagent 
in  the  first  from  the  action  of  the  air.  Compo- 
site pipettes  are  used  with  alkaline  pyrogallol, 
cuprous  chloride  solution,  bromine  water,  and 
similar  reagents. 

In  making  the  absorptions  the  pipettes,  which 
are  attached  to  wooden  stands,  are  placed  on  a 
table  stand  of  such  height  that  the  top  of  the 
capillary  of  the  pipette  is  level  with  the  top  of 
the  capillary  of  the  burette.  The  burette  and 
pipette  are  Joined  by  means  of  short  pieces  of 
caoutchouc  tubing  and  a  short  piece  of  capillary 
tube  bent  twice  at  right  angles.  The  volume  of 
air  contained  in  this  capillary  is  so  small  that  it 
does  not  introduce  any  appreciable  error.  Care 
is  taken  that  the  capillary  of  the  absoi"ption  pi- 
pette is  filled  just  up  to  the  top  with  the  reagent. 
The  connections  being  made,  the  level-tube, 
which  should  be  full  of  water,  is  placed  on  the 
table  stand  and  the  pinehcook  is  opened.  The 
gas  passes  into  the  pipette,  and  by  raising  and 
lowering  the  level-tube  the  whole  of  the  gas  can 
be  passed  backwards  and  forwards  two  or  three 
times ;  or  the  gas  may  be  allowed  to  remain  in 
contact  with  the  liquid  in  the  pipette.  When 
absorption  is  complete,  the  level-tube  is  lowered 
until  the  reagent  is  drawn  just  up  to  the  top  of 
the  capillary  of  the  pii^ette,  the  pinchcock  is 
closed,  and  a  second  reading  is  taken. 

When  combustions  have  to  be  made,  the 
capillary  tube  containing  palladium  asbestos  is 
inserted  between  the  burette  and  a  simple  ab- 
sorption pipette  containing  water  only. 

When  gases  very  soluble  in  water  have  to  be 
measured,  a  burette  is  used,  provided  at  the  top 
with  an  ordinary  stopcock  and  at  the  bottom 
with  a  three-way  stopcock,  the  volume  between 
them  being  exactly  100  c.c.  The  burette  must 
be  perfectly  dry  before  being  filled,  an  end 
which  is  most  quickly  effected  by  rinsing  the 
burette  with  water,  then  with  alcohol,  and  finally 
with  ether,  and  passing  a  ciu-rent  of  warm  air 
through  it.  The  lower  end  of  the  burette  is 
connected  with  the  conducting  tube  by  means  of 
the  three-way  tap,  the  other  end  is  connected 
with  an  aspirator,  and  a  current  of  the  gas  is 
drawn  through  the  burette  until  the  air  is  com- 
pletely expelled.  The  stopcocks  are  then  closed, 
care  Ijeing  taken  that  the  gas  in  the  tube  is  at 
atmospheric  pressure.  The  absorptions  &c  are 
made  in  the  same  way  as  with  the  ordinary 
burette. 

Elliott's  apparatus  (0.  N.  44,  289)  consists 
of  a  burette,  b,  terminating  in  a  capillary  tube 
bent  at  right  angles  and  fitted  with  a  stopcock, 
c,  and  an  absorbing  tube,  a,  of  the  same  length 
and  diameter,  terminating  at  the  top  in  a  three- 
way  capillary  tube,  the  horizontal  part  of  which 
is  connected  with  the  capillary  of  the  burette, 
whilst  the  vertical  part  is  fitted  with  a  stopcock,  r. 
The  end  of  this  vertical  part  is  carefully  ground, 
and  over  it  fits  a  small  cylindrical  funnel,  m,  to 
contain  the  absorbing  reagent.  The  bottoms  of 
both  the  burette  and  the  absorbing  tube  are 
closed  by  caoutchouc  stoppers  and  connected  with 


level-bottles,  k,  i,,  by  means  of  caoutchouc  tubing, 
a  three-way  glass  stopcock  being  inserted 
between  the  absorbing  tube  and  its  level-bottle. 
The  accuracy  of  the  measurements  is  increased 
by  inclosing  the  measuring  tube  in  a  water- 
jacket.    In  the  original  apparatus  explosions 


Fig.  31. — Elliott's  Appabatus  fob  Gas  Analysis. 

j  were  made  in  a  separate  tube  similar  to  the 
absorbing  tube,  but  with  platinum  wires  and 
without  the  stopcock  and  funnel.  Either  the 
measuring  tube  or  the  absoi'iDtion  tube  may, 
however,  be  provided  with  platinum  wires,  and 
the  two  tubes  may  be  connected  by  fusion  in- 
stead of  by  caoutchouc  tubing. 

The  tubes  may  be  used  either  with  water  or 
with  mercury,  and  are  filled  with  liquid  and 
afterwards  with  gas  in  much  the  same  way  as 
Hempel's  burette,  the  gas  being  drawn  into  the 
absorbing  tube  through  the  three-way  tap  at  the 
bottom  and  passed  over  into  the  measuring  tube. 
Absorbing  reagents  are  placed  in  the  cup  over 
the  absorbing  tube,  and  after  the  measured 
volume  of  gas  has  been  passed  into  the  tube  and 
the  burette  stopcock  closed,  the  level-bottle  is 
lowered  and  the  reagent  drawn  into  the  tube  by 
cautiously  turning  the  funnel  stopcock,  care 
being  taken  that  no  air  is  drawn  in  at  the  same 
time.  When  absorption  is  complete  the  gas  is 
transferred  to  the  burette,  and  the  reagent  is 
afterwards  driven  up  into  the  funnel  and  the 
tube  rinsed  out  with  water  introduced  through 
the  funnel  and  then  driven  back  by  raising  the 
level-bottle.  A  second  reagent  may  be  introduced 
and  a  second  absorption  made. 

Mr.  J.  E.  Stead  has  devised  a  form  of  ap- 
paratus which  is  convenient  for  the  analysis  of 
furnace  gases,  but  is  not  applicable  for  general 
purposes. 

The  nitrometer,  originally  devised  by  Lunge 
(B.  11,  436)  for  the  estimation  of  nitrogen 
oxides  in  oil  of  vitriol,  is  capable  of  being  applied 
to  gas  analysis  and  a  large  number  of  other 
determinations.  It  consists  (Fig.  32)  of  a  burette, 
fitted  at  the  top  with  a  three-way  tap  and  a  cup- 
shaped  funnel,  and  communicating  at  the  bot- 
tom by  means  of  caoutchouc  tubing  with  a  plain 
tube  of  the  same  diameter,  which  serves  as  a 
I  level_-tube.    When  large  quantities  of  gas  have 
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to  be  mp.asurccl,  the  upper  part  of  the  burette 
is  expanded  into  a  bull),  and  there  is  a  similar 
bulb  on  the  level-tube  (Fig.  ;-!3). 


I'lG.  32.  Fig.  33. 


This  apparatus  is  used  with  mercury,  and  is 
thus  suitable  for  the  analysis  of  gases  soluble  in 
water.  It  can  be  used  in  the  same  way  as 
Hempel's  burette,  and  for  all  purposes  to  which 
the  latter  is  applicable.  It  may  also  be  used 
without  absorption  pipettes,  the  reagent  being 
introduced  by  means  of  the  cup  in  the  manner 
described  under  Elliott's  apparatus,  but  since 
the  reagents  cannot  be  removed  without  remov- 
ing the  gas,  this  latter  method  is  only  applicable 
when  the  reagents  do  not  interfere  with  each 
other — e.g.  for  the  absorption  of  carbon  dioxide 
by  potash,  followed  by  the  absorption  of  oxygen 
by  potash  and  pyrogallol. 

The  estimation  of  nitrogen  oxides  in  solution 
in  sulphuric  acid  is  conducted  in  the  following 
manner.  The  apparatus  is  filled  with  mercury, 
so  that  when  the  tap  is  open  between  the  burette 
and  the  cup,  and  the  level  tube  is  raised,  the 
mercury  just  passes  through  the  tap  and  stands 
at  a  height  of  about  2  inches  in  the  level-tubo. 
The  tap  is  then  closed  and  0'5  to  5  c.o.  of  the 
sulphuric  acid,  according  to  the  quantity  of 
nitrogen  oxides  which  it  contains,'  is  placed  in 
the  cup,  the  level-tube  is  lowered,  and  the  tap  is 
turned  so  that  the  acid  is  nearly  all  drawn  into 
the  burette  without  any  air  being  admitted.  The 
cup  is  rinsed  with  two  successive  quantities  of 
2  to  3  c.c.  of  pure  acid,  which  is  drawn  into  the 
cup  with  the  same  precaution  as  before.  The 
tap  being  closed,  the  burette  is  taken  out  of  the 
clamp  and  agitated  in  such  a  manner  that 
the  liquid  is  brought  thoroughly  in  contact  with 
the  first  10  cm.  or  so  of  the  mercury,  which  is 
broken  up  into  bubbles.  Nitric  oxide  is  formed 
and  collects  in  the  upper  part  of  the  tube.  When 
no  more  gas  is  given  olf,  the  levels  are  adjusted 
and  the  volume  read  oft'  after  the  froth  has  sub- 
sided. In  adjusting  the  levels  the  difi'erenee 
between  the  specific  gravity  of  the  acid  and  the 
mercury  is  allowed  for  by  taking  iro  nun.  of 
acid  =  1  mm.  of  mercury.  Place  a  small  quan- 
tity of  acid  in  the  cup  and  open  the  tap;  if  the 
acid  is  drawn  in  the  pressure  in  the  burette  was 

'  To  avoid  meii^iiriiig  out  sucli  small  quantities  as  C'5 
c.c,  the  highly  iiitniteil  acid  should  bu  diluted  with  a 
definite  volume  of  pure  concentrated  acid,  aud  5  c.c.  of 
tills  solution  taken  lor  the  estimatiou. 
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too  low,  if  gas  escapes  the  pressure  was  too  high. 
It  is  better  to  err  on  the  side  of  too  low  pressure, 
which  is  readily  corrected  by  allowing  acid  to 
run  in  from  the  cup  and  taking  another  reading. 

In  agitating,  care  should  be  taken  that  the 
drop  of  acid  which  collects  in  the  top  of  the 
burette  just  below  the  tap  does  not  escape  con- 
tact with  the  mercury,  otherwise  the  results  will 
be  too  low. 

To  prepare  for  another  estimation,  the  level- 
tube  is  raised  and  the  tap  is  opened  so  that  all 
the  acid  and  some  of  the  mercury  is  driven  into 
the  cup,  and  the  tap  is  then  turned  so  that  the 
acid  runs  out  at  the  side. 

The  nitrometer  may  be  used  for  the  valuation 
of  nitrites  and  nitrates,  which  are  introduced  in 
the  form  of  a  concentrated  aeneous  solution, 
care  being  taken  that  the  proportion  of  water  to 
acid  does  not  exceed  2  parts  of  aqueous  solution 
to  3  parts  of  the  strongest  acid.  It  may  also  be 
used  for  the  estimation  of  nitrates  and  nitrites 
in  potable  waters,  and  in  fact  for  almost  any 
determinations  in  which  a  definite  volume  of 
gas  is  given  oil.  For  example,  the  estimation  of 
carbonic  acid  ;  of  urea  by  hypobromite  (the  read- 
ing being  increased  by  9  p.c.  to  coixect  for  solu- 
bility of  the  gas  and  incomplete  decomposition) ; 
hydrogen  pero.ude  by  an  acidified  solution  of 
potassium  permanganate,  or  vice  rersfl,  the  value 
of  a  permanganate  solution  by  means  of  hy- 
drogen peroxide,  &c.  (See  Lunge,  B.  11,  43(1; 
C.  S.  I.  4,  447,  and  .5,  82  ;  Fr.  25,  30'J  ;  and  the 
translation  of  Winkler's  Technical  Gas  Analysis 
(1885)  ;  also  Allen,  S.  C.  I.  4,  178.) 

Calibration  of  Instmvicnts.  —  All  the  gas 
burettes  described  may  be  calibrated  in  much  the 
same  way  as  an  ordinary  burette  {v.  Volumetric 
Methods),  by  filling  with  water  or  mercury, 
and  drawing  off  aliquot  portions  and  weighing 
them,  the  temperature  of  the  liquid  being  noted 
and  the  proper  correction  made  for  expansion.  If 
any  error  is  found  it  must  be  used  as  a  correction 
ill  subsequent  readings.  C.  H.  ]!. 

ANAMIETA  COCCULUS  or  A.  PANICULATA 
(botanical  name  of  Cocculus  iiidicus.  Grains  of 
Paradise)  r.  Coccurus  indicus. 

ANANAS,  OIL  or  ESSENCE  OF.  A  solution 
of  ethyl  ljutyrate  in  8  to  10  times  its  weight  of 
alcohol.  It  possesses  the  odour  of  the  pine-apple 
{Aiianassa  saiiva),  and  is  employed  in  confec- 
tionery and  perfumery ;  also  to  imitate  the  tlavour 
of  rum  (Hofmann,  A.  HI,  87). 

ANANDONIS  GREEN,  Hijdratcd  cliromium 
scsqidoxide,  v.  Ciiromiuji. 

ANAT.'iSE.  A  nearly  pure  oxide  of  titanium 
TiO.,  found  most  abundantly  at  Bourg  d'Oisans 
in  I'auphine ;  and,  together  with  Brookite,  in. 
North  Wales. 

ANCHIETA  BARK.  The  root  bark  of  An-- 
chic'ca  satutaris,  one  of  the  Violaceip,  a  bushy 
shrub  growing  at  Kio  de  Janeiro.  It  contains 
anchictinc,  a  substance  crystallising  in  straw- 
coloured  needles,  having  a  nauseous  taste.  Used 
for  syphilis  and  quinsy  (Peckolt,  Ar.  Ph.  i2] 
07,  271). 

ANDA-ASSU,  OIL  OF.  An  oil  obtained  from 
the  seeds  of  Joannesia  xirincej^s,  belonging  to 
the  EuphorbiaceiP,  growing  in  Brazil.  It  is  clear, 
slightly  yellowish,  odourless,  with  a  taste  at  first 
nauseating  and  then  saccharine.  It  solidifies  at 
8°C.,  its  sp.gr.  at  IS^C.  is  0-0176  (Ph.  [3]  12,  380). 
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ANDAQUIES  WAX. 


ANDAQUIES  WAX,  The  wax  of  a  peculiar 
Epecieg  of  bee  found  near  the  Orinoco  and 
Amazon  rivers,  and  used  as  a  substitute  for  or- 
dinary beeswax  in  the  manufacture  of  candles 
itc.  Its  density  is  0-917  ;  it  melts  at  77°C. ;  it 
contains  50  p.c.  palm  wax,  45  p.c.  cerosine,  and 
5  p.c.  of  an  oily  fat  of  undetermined  composi- 
tion (Lewy,  A.  Ch.  [3]  13,  458)  v.  Wax. 

ANDREWSITE.    A  mineral   from  Phrenix 
Mine,  Liskeard,  of  a  dark-green  colour.  Hardness 
=  4,  sp.gr.  3-475. 
Fe.,03  AI..O3  FeO  CuO         H,0  MnO  CaO 

44-64      0-92      7-11    10-8G    26-09    8-79    0  60  0-09 
SiO, 
0-49  =  99-59. 

ANDROPOGON  OILS.  Bosd  or  Roshe  Oil,  Oil 
of  Rose  Geranium,  Oinger  Grass  Oil,  or  Turkish 
Geranium  Oil,  is  obtained  from  Anch'opogon 
Nardus  and  other  species,  a  grass  growing  in  the 
East  Indies,  Persia,  and  Arabia.  It  is  a  yellowish 
thin  liquid,  having  an  agreeable  aromatic  odour ; 
it  does  not  solidify  readily.  Treated  with  an 
equal  bulk  of  concentrated  sulphuric  acid  it 
acquires  a  strong  fatty  odour ;  it  turns  dark- 
ycllow  when  exposed  to  the  vapour  of  nitric  per- 
oxide (Ph.  [3]  10,  24). 

Citronella  oil  is  prepared  from ^l;ifZ)-opo(707i 
Sch/niantlms,  it  boils  at  200°  and  has  a  sp.gr. 
of  0-8741  at  20\ 

Lemon  grass  oil  is  made  from  A.  Narclus, 
and  Indian  geranium  oil  from  A.  viuricatus. 

ANDROGRAPHIS  PANICUL&TA  or  Karijat. 
An  Indian  plant;  is  used  as  a  tonic,  and  is 
similar  to  quassia  in  its  action. 

AHETHUM  GRAVEOLENS.  The  common 
Dill,  cultivated  in  England  and  the  South  of 
Europe.  Has  a  hot  sweetish  taste  and  is  used  in 
medicine  and  for  flavouring  spirituous  cordials. 

ANGELICA.  {AncjeliqiLC,  Fr. ;  Angelika,  Ger.) 
The  Angelica  archangelica,  an  aromatic  umbelli- 
ferous plant,  indigenous  to  the  north  of  Europe. 
A  candy  is  made  from  its  stems,  stalks,  and  mid- 
ribs. The  essential  oils  of  the  roots  and  seeds 
are  used  in  the  preparation  of  gin  and  of  aro- 
matic bitters. 

Angelica  balsam  is  prepared  by  extracting 
the  roots  with  strong  alcohol,  evaporating,  wash- 
ing the  residue  with  water,  and  extracting  with 
sther.  It  is  of  a  black-brown  colour  and  con- 
tain's  angelica  oil,  angelica  wax,  and  angeliciii 
C|  JI.|„0  (Buchner,  A.  42,  220),  a  crystailisable 
substance  melting  at  126°-5  C.  (Brunner,  N.K.P. 
24,  641  ;  C.  J.  29,  939). 

Tlie  essential  oil  of  the  root  contains 
;3-terebangelene  C.^H,,,  b.p.  106°.  [aT„=5  39', 
sp.gr.  0-870  (Naudin,  C.  K.  93,  1440  ;  90,  1152  ; 
J.  30,  1423;  Bl.  [2J  39,  114).  Beilstein  a. 
Wiegand  found  in  the  oil  four  terpenes,  having 
the  folio  wmg  boiling-points  and  specific  gravities : 
b.  p.  sp.gr. 
a     158°  O-8G09  at  16°-5 

h  171-175  0-8504  at  10°-5 

c      170°  0-8481  at  lG°-5 

d  250° 
(B.  15,  1,741;  C.J.  42,  1,300). 

The  essential  oil  of  the  seeds  contains  methyl- 
ethyl-acetic  acid,  hydroxymyristic  acid  and 
tevebangelene  C,„H, ,,  b.p.  172°-5,  sp.gr.  0-833  at 
0°C.  [a"!,,.  200  mm.  +  26°16'  (Naudin,  C.  E.  93, 
1140  C.  J.  42,  410;  MiUlcr,  B.  14,  2470;  C.  J. 
•12,  409). 


ANGICO  RESIN.    A  Brazilian  gum  obtained 

from  Acacia  angico  ;  soluble  in  water  and  proof 
spirit.  Used  in  chest  complaints  (Symes,  Ph.  3, 
13,  213). 

ANGLESITE.  Native  lead  sulphate,  first 
found  at  Dary's  mine,  Anglesea. 

ANGOSTURA    BARK     or  ANGUSIURA 

BARE  V.  ClSPARIA  BAEK. 

ANHYBKITE  v.  Calcium. 

ANIL.  The  name  of  the  American  species 
of  the  indigo  plant,  Indigofcra  anil. 

Formerly  also  used  as  a  synonym  for  indigo, 
and  latterly  as  a  synonym  for  phenylimide. 

ANILINE. 

History. — First  observed  by  Unvordorben  in 
1820  among  the  products  of  the  destructive 
distillation  of  indigo.  Detected  by  Kunge  in  coal 
tar  in  1834,  and  by  Fritzsche  in  1840  among 
the  products  obtained  by  distilling  indigo  with 
caustic  alkalis.  Prepared  by  Zinin  in  1840,  by 
the  reduction  of  Mitscherlich's  nitrobenzene 
with  sulphuretted  hydrogen.  Unverdorben  called 
his  product  kri/stallin  ;  llunge,kyanol;  Fritzsche, 
anilin ;  Zinin,  benzidam. 

In  1843  Hofmann  showed  that  nitrobenzene 
could  be  reduced  by  a  metal  such  as  zinc  in  the 
presence  of  a  dilute  acid,  and  also  that  krystallin, 
kyanol,  anilin,  and  benzidam,  were  identical  with 
each  other.  Shortly  afterwards  Bechamp  stated 
that  nitrobenzene  could  be  reduced  by  ferrous 
acetate  in  the  presence  of  water,  but  that  the 
oxalate,  sulphate,  &c.,  had  no  effect. 

lathe  year  1850  Perkin's  discovery  of  mauve 
gave  rise  to  a  commercial  demand  for  aniline, 
and  the  manufacture  was  commenced  by  Messrs. 
Simpson  &  Maule. 

Preparation. — Benzene,  then  only  obtained  in 
small  quantities  and  with  much  difficulty,  as 
the  treatment  of  tar  scarcely  existed,  was  intro- 
duced into  glass  balloons  (known  as  '  bolt  heads  ') 
of  1  gallon  cajiacity,  and  the  calculated  quantity 
of  nitric  acid,  mixed  with  about  an  equal  volume 
of  oil  of  vitriol,  was  gradually  added,  the  mixture 
swung  round  and  well  agitated,  and  then  allowed 
to  stand.  It  was  usual  to  have  about  twenty 
balloons  in  a  row,  and  to  add  acid  in  turn  until 
the  reaction  was  complete. 

The  nitrobenzene  was  separated, -washed,  and 
reduced  with  iron  borings  and  acetic  acid,  at  first 
in  a  copper  still,  later  in  an  iron  cylinder.  The 
aniline  was  freed  from  water,  rectified,  and  was 
then  ready  for  use.  The  selling  price  was  about  a 
guinea  a  pound. 

Somewhat  later  cast-iron  cylinders  of  consider- 
able size  were  used  for  the  reduction,  acetic  acid 
being  still '  used  and  neutralised  with  soda  or 
lime  at  the  end  of  the  reaction,  and  the  aniline 
was  in  some  factories  distilled  off  over  a  naked 
fire,  in  others  steam  was  blown  into  the  mixture, 
and  the  aniline  and  water  condeased  and  sepa- 
rated. Acetic  acid  contmued  to  be  used  until 
about  1800. 

In  that  year  Messrs.  Simpson,  Maule,  &  Nichol- 
son removed  their  works  to  Hackney  Wick,  where 
the  manufacture  was  carried  out  on  a  very  large 
scale,  the  apparatus,  which  has  undergone  little 
change  since,  consisting  of  horizontal  stills  fur- 
nished with  powerful  agitators,  and  the  treatment 
consisting  in  reduction  mainly  by  the  use  of  iron 
and  water,  hydrochloric  acid  being  employed  to 
start  the  reaction. 
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The  stills  consist  of  a  cast-iron  T  piece 
5  feet  in  dianietci-  and  G  feet  long;  this  is 
bolted  to  a  cast-iron  bed-frame  with  the  leg 
of  the  T  turned  upwards,  and  the  two  ends 
closed  with  circular  plates  furnished  with 
stuffing  boxes  through  which  a  heavy  steel  spindle 
passes.    To  the  spindle  curved  cast-irou  arms 


~~  ■  .  

A' 

A" 

t  1 

Desceiption  of  HonizoNTAL  Aniline  Still. 


A.  Still  boily  ca'^t  as  a  T  in  one  piece.   The  ends  closed  by 

plates  bolted  on  to  flnnges. 
A'.  Upper  portion  bolted  to  the  body  top,  closed  by  top 
plate  bolted  on. 

B.  Head. 

C.  Apparatus  for  continuous  introduction  of  swarf. 

D.  Wooden  plug  closing  orifice  through  which  the  nitro- 
benzene is  introduced. 

E  E.  Steel  spindle  to  which  agitators  are  keyed.   It  passes 

through  stufflug  boxes  cast  on  end  plates. 
E'.  Counter  shaft. 

F.  Driving  wheel  gearing  into  pinion  on  countershaft  to 

the  rear. 

G.  Fast  and  loose  pulleys  on  countershaft. 

H.  H,  H3.  Advancing  arms  of  agitators. 
Hs  Hr,.  Ketreating  arms  of  agitators. 

K  K.  Main  shaft  carrying  drums  to  drive  C  and  G  by 

means  of  belts. 
L.  Steam  pipe. 

L,      L,  L,.  The  four  branches  of  steam  pipe  entering  still 

at  bottom,  two  on  each  side. 
M.  Sludge  valve  and  shoot. 
N  N.  Cast-iron  foundation  frame. 

0  0.  Brackets  cast  on  still  body  hohling  it  down  to  frame. 
V.  One  of  the  standards  carrying  plummer  blocks  for 

countershaft. 
Q.  Sludge  truck  on  tramway. 

For  the  sake  of  clearness  only  three  of  the  agitators 
are  shown,  and  for  the  same  reason  two  bolts  only  are 
sliown  to  each  flange,  top  and  end  plate,  to  the  glands  and 
stuffing  bo.xes,  the  head,  &c. 


are  keyed  in  a  series  arranged  to  form  a 
helix.  The  arms  are  furnished  at  the  ends  with 
cast-steel  shoes  or  scrapers  which  are  so  ad- 
justed as  just  to  scrape  the  inside  of  the  still 
body.  The  third  arm  of  the  T  piece  projects 
upwards  and  is  prolonged  by  a  cylinder  of  cast- 
iron  4  feet  deep,  bolted  on  to  a  flange  cast  on  the 
body.  The  top  of  the  still  is  closed  with  a 
circular  iron  plate,  from  the  centre  of  which 
a  cast-iron  head  24  inches  in  diameter,  di- 
minishing to  4  inches,  serves  to  carry  o££  the 


steam  and  aniline  vapour  to  the  condenser, 
liound  the  head  are  arranged  a  manhole  and 
two  4-inch  circular  apertures  for  introducing  the 
iron.  In  the  latest  form  of  still  a  f  tube  fitted 
with  a  wide  hopper  and  carrying  a  worm  is 
bolted  on  to  one  of  the  4-inch  openings.  By 
means  of  this  arrangement  the  iron  is  brought 
into  the  still  in  a  continuous  stream.  Into  the 
bottom  of  the  still  four  branches  of  a  steam  pipe 
are  fixed.  In  one  end  a  4-  or  0-inch  opening 
closed  with  a  bonnet  and  lever,  or  a  large  screw 
valve,  serves  to  discharge  the  residues  into 
iron  trucks  run  underneath  the  orifice.  To  the 
end  of  the  spindle  a  cog-wheel  gearing  into  a 
spur-wheel  is  fixed  by  which  the  agitator  is 
rotated.  In  some  cases  a  small  engine  is  used 
to  drive  the  agitators  directly. 

The  head  delivers  the  vapours  directly  into  a, 
4-inch  tube  conniiunicating  with  a  multitubular 
condenser  consisting  of  about  400  i-inch  brass 
tubes  each  6  feet  long,  surrounded  by  water 
delivered  at  the  lower  end  of  the  condenser 
jacket  which  is  6  feet  deep.  The  hot  water  Hows 
off  at  the  upper  end  in  the  usual  manner. 

The  iron  used  for  reduction  is  that  technically 
Ciilled  '  swarf;  '  it  consists  of  the  scrapings  of 
soft  castings.  Before  use  it  is  passed  through  a 
coarse  sieve  to  remove  pieces  of  iron,  bolts, 
nuts,  &c.,  which  have  found  their  way  into  it, 
and  it  is  then  ground  under  heavy  granite  edge 
runners  until  it  will  pass  easily  through  a  '  twenty 
hole  sieve '  (twenty  holes  to  the  inch  linear  = 
400  to  the  square  inch). 

It  is  to  be  particularly  noted  that  hard  cast 
borings  tr  turnings  and  wrought-iron  borings  and 
turnings  are  quite  unsuited  for  reducing  purposes, 
thougii  in  the  more  violent  reaction  conse(iuent 
on  the  reduction  of  metadinitrobenzene,  about 
25  p.c.  of  coarse  swarf  may  be  mixed  with  the 
ground  swarf  with  advantage. 

All  beirg  ready  a  portion  of  the  iron  is  intro- 
duced into  the  still  through  one  of  the  4-inch 
openings,  which  is  then  closed  with  a  wooden 
plug  (this  serves  as  a  rough  safety  valve), 
together  with  some  water.  Steam  is  blown  in, 
the  acil  next  run  rapidly  in  from  a  carboy,  and 
the  nitrobenzene  which  has  been  weighed  out  into 
a  cast-iron  tank  allowed  to  steadily  How  in. 

The  reaction  begins  immediately  and  aco]uous 
distillate  of  water,  aniline,  and  nitrobenzene  flows 
from  the  condenser,  and  is  continuously  returned 
to  the  still  by  an  elevator.  The  worm  apparatus 
is  now  started  and  the  main  body  of  the  ground 
iron  steadily  poured  into  the  still.  The  distil- 
late, examined  from  time  to  time  by  the  foreman, 
shows  a  steadily  increasing  solubility  on  addition 
of  muriatic  acid  and  considerable  dilution,  and 
at  length  after  about  six  to  eight  hours  no  traces 
of  nitrobenzene  remain.  Care  must  be  taken  to 
control  the  delivery  of  iron,  as,  if  the  reaction 
becomes  very  violent,  benzene  and  ammonia 
may  be  produced  and  serious  loss  incurred. 

The  steam,  which  had  been  checked  while  the 
action  was  vigorous,  is  nowturnedon,  andadivert- 
ing  tube  slipped  over  the  condenser  nozzle  directs 
the  distillate  into  a  sunken  tank,  from  which  a 
steam  pump  throws  it  into  square  wrought-iron 
tanks  with  dished  bottoms,  supplied  with  draw- 
off  cocks  in  the  bottoms  and  sides. 

The  Continental  practice  differs  slightly  in 
various  details  from  that  above  described,  the 
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stills  in  use  being  vertical  cylinders  with  vertical 
agitating  arrangements.    The  charges  of  nitro- 
benzene in  use  are  smaller  and  the  proportions 
of  iron  and  acid  used  are  relatively  larger. 
The  charge  for  the  still  just  described  is : 
Ground  swarf      .       .       .  2,G88  lbs. 
Nitrobenzene       .       .       .  2,350  „ 
Muriatic  acid       .       .       .    116  „ 
The  usual  Continental  charge  is  : 
Ground  swarf     .       .  CGO  to  720  kilos. 
Nitrobenzene     .       .       .     000  „ 
Muriatic  acid     .       .       .      (iO  „ 
It  was  formerly  the  custom  to  make  the  con- 
tents of  the  still  alkaline  with  soda  or  lime  at 
the  end  of  the  reaction.    In  this  country  that 
method  has  long  been  abandoned,  the  acid  in 
the  presence  of  so  great  an  excess  of  iron  not 
retaining  a  trace  of  aniline,  the  still  liquors 
consisting  only  of  a  very  dilute  solution  of 
ferrous  chloride,  and  the  main  bulk  of  the  iron 
escaping  as  '  black  stuff,'  i.e.  magnetic  oxide 
of  iron  FejO^  mixed  with  a  little  unaltered 
metal. 

The  aniline  and  water  remain  at  rest  in  the 
settling  tanks  for  twenty-four  to  forty-eight  hours 
or  longer,  when  the  lower  layer  of  aniline  is  drawn 
off  and  sent  to  the  rectifying  still.  The  water, 
technically  known  as  '  liquors,'  goes  to  the 
boiler  which  serves  to  supply  steam  to  the  aniline 
stills.  Where  more  than  one  kind  of  aniline  is 
made  it  is  therefore  necessary  to  have  separate 
boilers  for  each  for  this  purpose. 

The  solubility  of  water  in  aniline  varies  be- 
tween 2  and  5  p.c.  according  to  the  temperature 
of  the  liquors. 

Aniline  dissolves  about  5  p.c.  of  water,  nearly 
the  whole  of  which  is  expelled  on  rectification, 
which  is  carried  out  in  wrought  or  cast-iron  pot 
stills  of  various  forms  and  sizes.  The  water 
comes  off  with  the  first  10  to  15  p.c.  of  the  dis- 
tillate. A  small  quantity,  however,  remains 
obstinately  attached  to  the  aniline,  and  can 
only  be  removed  by  prolonged  digestion  over 
powdered  soda  or  potash. 

Good  commercial  rectified  aniline  should  not 
contain  more  than  i  p.c.  of  water. 

The  process  of  reduction  and  rectification  as 
described  applies  to  all  the  various  qualities  of 
'  aniline  oil '  now  recognised.  These  are  '  pure 
aniline  oil,'  '  aniline  for  red,'  and  '  toluidine,' 
which  occurs  as  a  more  or  less  crude  ortho- 
toluidine  containing  25  p.c.  to  35  p.c.  of  para- 
toluidine.  Modifications  of  the  process  are  also 
in  use  for  the  production  of  xylidine  and  alpha- 
naphthylamine,  and  of  the  reduction  portion 
fur  the  manufacture  of  metaphenylene-  and 
metatolylene-diamiue  from  theresijcctivedinitro- 
compounds. 

The  demand  for  xylidine  caused  by  the  pro- 
duction of  the  azo-scarlets,  in  the  manufacture 
of  which  it  was  largely  used,  has  had  a  very 
great  elfect  on  the  manufacture  of  anilines. 
Formerly  a  considerable  quantity  of  xylene  was 
left  in  the  so-called  '  30/90  benzol '  from  which 
aniline  for  red  was  usually  made,  the  rest  of  the 
mixture  consisting  of  toluene  and  benzene.  Pure 
toluene  was  not  made,  and  pure  benzene  only  to 
a  very  limited  extent.  The  so-called  pure  aniline 
was  also  extremely  impure  owing  to  the  very 
defective  purification  of  the  benzene  used 
for  it. 


Now,  however,  the  Savalle  still  has  been 
bi'ought  to  a  great  perfection,  and  in  consequence 
benzene  boiling  'J'J-'J  p.c.  within  half  a  degree  is 
easily  obtainable,  as  are  also  pure  toluene  and 
xylene.  It  is  therefore  customary  with  aniline 
makers  to  make  aniline  from  pure  benzene  and 
also  from  what  is  now  termed '  25  p.c.  benzene,' 
the  other  75  p.c.  consisting  of  toluene  only. 
The  crude  aniline  for  red  obtained  from  it  con- 
tains roMghly  25  p.c.  aniline,  20  to  25  paralolu- 
idine  and  45  to  50  orlhotoluidine.  From  the 
toluene  crude  toluidine  is  also  made. 

As  it  is  now  customary  with  all  makers  of 
magenta  to  use  aniline  of  specified  gravity,  the 
aniline  maker  adjusts  his  aniline  for  red  by  the 
addition  to  it  of  pure  aniline  or  crude  toluidine 
according  as  he  wishes  to  raise  or  dex^ress  the 
gravity. 

The  specific  gravity  of  the  aniline  for  red  as 
obtained  at  first  being  at  15°C.,  about  1-0000  to 
1'00G5  as  compared  with  water  at  the  same 
temperature,  and  pure  aniline  having  under  the 
same  conditions  a  gravity  of  1-0208  and  toluidine 
from  1-0010  to  0-9987,  it  is  rjadily  seen  how  a 
simple  calculation  ind'cates  the  amount  of  pure 
aniline  to  be  added  to  bring  the  gravity  to  1-0075, 
or  to  any  other  of  those  in  use  in  different 
factories.  It  is  generally  held  that  the  rosaniline 
base  intended  for  the  manufacture  of  blue  ir, 
batter  suited  to  that  purpose  when  obtained  from 
high  gravity  aniline,  whereas  for  the  preparation 
of  magenta  crystals,  low  gravity  aniline  is  re- 
commended by  its  greater  cheapness. 

Besides  the  above  anilines,  factories  have 
to  deal  with  a  variety  of  others  occurring  as  by- 
prolucts  in  the  various  manufactures.  Thus 
in  the  magenta  process,  when  arsenic  acid  is 
used,  upwards  of  one-fourth  of  the  aniline  dis- 
tils off  from  the  melt  still,  together  with  a  con- 
siderable quantity  of  water  or  liquors.  This 
aniline  is  found  on  rectification  to  have  a  much 
higher  gravity  (1-0150  to  1-0090),  to  be  propor- 
tionately richer  in  true  aniline  and  orthotoluidine, 
and  practically  free  from  paratoluldine.  The 
treatment  of  this  varies  greatly  in  dilt'erent  fac- 
tories. Formerly  it  was  used  for  pioducing  very 
red  shades  of  blue,  now  it  is  very  often  returned 
to  the  red  melt  still,  as  portion  of  a  subsequent 
charge,  or  else  used  up  in  the  manufacture  of 
saft'ranine,  or  crude  paratoluldine  may  be  added 
to  it  to  restore  it  to  a  fit  state  for  the  maganta 
manufacture. 

In  the  manufacture  of  magenta  by  the  nitro- 
benzene process,  mixtures  of  aniline  with  small 
quantities  of  nitrobenzene  are  also  recovered 
and  have  to  be  similarly  applied  to  useful 
purposes. 

The  pure  aniline  used  in  phenylation  of  ros- 
aniline base  is  also  in  part  recovered  and  recti- 
fied for  subsequent  use. 

In  like  manner,  the  preparation  of  mono-  and 
di-methyl  and  mono-  and  di-ethyl  aniline  is  ac- 
companied with  the  recovery  of  various  partially 
methylated  or  ethylated  anilines  in  small  quan- 
tities ;  these  as  a  rule  find  their  way  into  the  red 
melt. 

Liquors  in  excess  of  what  is  required  for  the 
aniline  boilers  may  be  deprived  of  most  of  their 
aniline  by  a  saturation  with  common  salt  and 
separation  and  rectification  of  the  supernatant 
aniline. 
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Valuation  of  Commercial  Aniline  Oil. 

Pure  araline,  as  it  occurs  in  commerce,  con- 
tains as  impurities  traces  of  insoluble  hydro- 
carbons and  of  ortliotolu  dine,  sometimes  traces 
of  sulphuretted  hydrogen,  and  if  carelessly  made, 
of  nitrobenzene,  benzene,  and  ammonia.  Be- 
sides these,  which  should  be  carefully  tested 
for,  there  is  possibly  a  certain  amount  of  amido- 
tliiophen  which  has  no  deleterious  action  for 
most  if  not  all  of  the  purposes  for  which  aniline 
is  used,  and  which,  moreover,  for  the  present  at 
least  cannot  readily  be  got  rid  of. 

The  method  of  testing  usually  adopted  is  to 
determine  the  boiling  points  of  the  sample.  Kor 
this  puipose  most  chemists  are  in  the  habit  of 
taking  lUO  c.c,  introducing  it  into  a  small  boiling 
tlask  with  side  tube,  and  distilling  it  through  a 
short  condenser  into  a  graduated  100  c.c.  cylin- 
der. Headings  of  the  thermometer  are  taken  as 
each  10  c.c.  of  the  cylinder  fills,  and  the  last 
when  95  c.c.  are  filled  It  is  also  usual  to  note  the 
temperature  when  the  first  drop  has  fallen  from 
the  condenser.  The  thermometer  readings  should 
be  coriectsd  for  barometer  and  immersion  of 
mercurial  column  in  the  vapour  of  the  liquid, 
and  of  course  for  the  errors  peculiar  to  the 
thermometer  in  use. 

In  the  writer's  opinion  100  c.c.  is  too  sni.ill  a 
quantity  for  this  test,  and  his  own  practice  of 
many  years  has  been  to  use  250  c.c,  reading  as 
usual  by  tenths  of  the  distillate  over.  The  first 
drop  reading  may  also  be  neglected,  but  on  the 
other  hand  it  is  exceedingly  useful  to  skilfully 
drive  the  flask  to  dryness  and  get  the  tempera- 
ture as  the  last  drop  disappears  from  {he  bottom 
of  the  tlask.  A  few  fragments  of  platinum  wire, 
lire-brick,  or  wrought  iron,  should  be  placed  on 
the  bottom  of  the  flask  and  great  care  used  to 
adjust  the  size  of  the  flame  and  rate  of  boiling. 
The  flask  also  should  be  held  by  the  neck  in  a 
good  clip  over  the  naked  flame,  gauze  being  apt 
to  cause  currents  of  heated  gas  to  flow  up  round 
the  neck  of  the  fiask  and  superheat  the  vapour. 

The  specific  gravity  of  the  sample  may  also 
betaken,  as  is  usual  with  aniline  for  red,  although 
this  indication  is  not  of  great  moment  if  the 
boiling-points  are  good. 

The  following  are  three  samples  of  pure 
aniline  from  the  writer's  note-book  :  — 


Per  cent,  over 

No.  I. 

No.  II. 

Nn.  IIT. 

10 

184-7 

184-0 

1S4  () 

20 

184-7 

181-8 

l.S4-(i 

30 

184-7 

184-8 

lSl-7 

40 

184-7 

184-8 

1S4-7 

50 

184-8 

184-8 

l.'-4-8 

GO 

184-9 

184-8 

1S4-8 

70 

185-0 

184-8 

184-9 

80 

185-1 

184-8 

184-9 

90 

1S5-1 

l,S4-8 

185-0 

18(i-7  Dry 

ISC-S  Dry 

Sp.gr.  at  15°  I 
comp.  with  .     1-02710     1-02684  l-02r.90 
water  at  15°  J 


Pure  aniline  may  be  tested  for  insoluble 
oils  by  dissolving  10  c.c.  in  an  equal  volume  of 
liydrochloric  acid  and  diluting  with  water  to 
100  or  150  c.c.  The  best  samples  show  a  slight 
opalescence  under  this  treatment,  and  the  smell 
of  the  'light  stuff,'  as  the  insoluble  oils  are 
called,  is  always  distinguishable.    These  accu- 


nmlate  in  the  recovered  anilines  from  various 
processes,  as  they  are  inert,  while  the  bases  are 
consumed  in  the  reactions  they  take  part  in. 
The  trace  of  toluidine  only  shows  itself  when 
a  considerable  quantity  of  commercial  pure 
aniline  is  made  into  acetanilide.  On  re- 
crystallising  this  and  working  up  the  mother 
liquors,  a  small  ([uantity  of  impure  acetyl  com- 
pound of  low  me'ting-point  will  always  be  found 
in  the  most  soluble  portion  or  first  mother 
liquors. 

j  Nitrobenzene  shows  itself  with  the  insoluble 
'  hydrocarbons.  A  very  delicate  test  for  it  is  to 
shake  the  sample  of  aniline  violently  for  a  few 
minutes  and  then  to  notice  the  colour  of  the 
froth.  The  merest  trace  of  nitrobenzene  colours 
it  a  very  distinct  yellow. 

Aniline  fur  lied.  This,  as  originally  made, 
contained  aniline,  o-  and  ^j-  toluidine,  and  xyii- 
denes.  The  latter  are  now  practically  never 
present.  It  is  valued  by  its  specific  gravity, 
i  which  is,  as  before  stated,  adjusted  to  suit  the 
[  convenience  of  each  user.  It  generally  contains 
rather  more  insoluble  oil  than  does  pure  aniline, 
and  can  be  tested  for  it  in  the  same  way. 

The  value  of  the  aniline  for  red  for  making  the 
magenta  melt  depends  on  the  presence  of  aniline 
together  with  ortho-  and  para-toluidine,  and  in 
good  samples  the  propjrlions  should  not  vary 
greatly  from  the  following:  Aniline  35  42  p.c, 
o-tolnidine  35-50  p.c,  ^(-toluidine  14-24  p.c 
The  estimation  of  the  three  bases  is  exceedingly 
difficult,  in  fact  no  satisfactory  method  yet 
exists.  Titration  with  oxalic  acid  in  ethereal 
solution  of  an  oil,  in  which  the  proportion  of 
aniline  has  been  approximately  ascertained  by 
calculation  from  the  gravity  or  by  distillation 
points,  is  one  method,  now  however  practically 
obsolete.  The  oxalatfs  of  aniline  and  jj-tolu- 
idine  were  precipitated  as  insoluble  salts,  and 
from  the  oxalic  acid  used  their  amount  could 
[  be  calculated  and  the  orthotoluidine  found. 
I  Merz  and  Weith  (B.  2,  433)  found  that  if  the 
j'liixed  bases  were  converted  into  acetyl  com- 
i  pounds  and  these  dissolved  in  four  times  their 
i  weight  of  glacial  acetic  acid,  and  then  the  whole 
;  dissolved  in  80  times  the  weight  of  boiling 
water,  the  whole  of  the  /)-acetoluide  crystallised 
out  and  left  the  acetanilii'e  and  o-acettoluide  in 
solution.  P.  Scboop  (C.  Z.  1885.  1,785  ;  S.  C.  I. 
6,  178)  has  founded  upon  this  reaction  an 
elaborate  method  of  calculating  the  composition. 
His  method  is  based  on  an  estimation  of  the 
jj-toluidine  by  the  Mcvz  and  Weith  process, 
followed  by  a  calculation  of  the  amount  of  the 
other  two  bases  from  the  specific  gravity  of  the 
original  sample.  The  results  obtained  aic,  how- 
ever, very  unsatisfactory,  and  the  process  has 
been  severely  criticised  by  C.  Iliinssermann  (C. 
Z.  1887,  1,223).  The  writer  also  found  it  to  be 
useless.  No  process  at  present  published  is 
capable  of  giving  even  moderately  correct 
results. 

Toluidine  liquid  should  boil  at  197°-  8 show 
a  sp.gr.  of  about  1-000,  and  contain  30-40  p.c. 
para-,  the  rest  orlho-toluidine. 

Orthotoluidine.  The  gravity  of  commercial 
orthotoluidine  should  be  about  1-0037  ;  boiling 
points  about  197°-198° ;  should  not  solidify  on 
cooling  to  —4°,  though  most  samples  contain 
enough  paratoluidine  to  begin  to  show  a  few 
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crystals  at  this  temperature.  Lunge  (Chem.  Ind. 
8,  74)  has  pubhshed  a  very  elaborate  and  valuable 
table  of  the  gravities  of  mixtures  of  o-  and  ^J- 
toluidine. 

Paratoluidine.  Melting-point  of  commercial 
paratoluidine  43°-45°,  boiling  points  between 
l'JU°-198°.    Crystals  should  be  white  and  dry. 

B.  J.  F. 

ANILINE  BLACK.  The  production  of  a 
very  dark  blue  shade  on  cotton  by  immersing  it 
in  a  solution  of  a  chlorate  and  hydrochloride  of 
aniline  dates  back  to  the  year  18()0,  when  Wilni  ^ 
describi^d  such  a  method.  In  the  same  year 
Calvert,  Lowe,  and  Clift  took  out  a  patent  for 
an  identical  reaction  to  be  applied  as  a  printing 
method  on  cotton  fabrics,  but  stated  that  the 
colour  produced  was  dark-green.  They  printed 
a  mixture  of  starch  paste,  potassium  chlorate, 
and  aniline  chloride  on  to  the  stuff,  which  was 
then  passed  through  a  weak  soap  solution.  The 
dyeing  substance  was  obtained  as  a  separate 
body  by  the  action  of  ferric  chloride  on  aniline 
nitrate  and  was  investigated  by  E.  Kopp. 

The  first  true  black  was  patented  by  John 
Lightfoot  in  180.3.    He  directed  that 
ijO  parts  of  aniline 
50     ,,     ,,  muriatic  acid 
25     ,,     „  potassium  chlorate 
50     ,,     ,,  cupric  chloride  solution,  sp.gr.  1'440 
'25     ,,     „  sal  ammoniac 
12    ,,     ,,  acetic  acid 

should  be  mixed  with  1,000  parts  of  a  starch  paste  | 
made  by  boiling  1  part  of  starch  with  from  7  to  | 
y  parts  of  water.  j 

This  mixture  was  printed  in  the  usual  way 
on  cotton  cloth,  which  was  then  '  aged  '  by 
being  suspended  in  a  chamber  kept  at  a  tem- 
perature of  about  86°F.  (30°C.)  for  48  72  hours. 
The  pattern  had  then  become  dark-green,  and 
the  cloth  was  forthwith  passed  through  an  al- 
kaline bath,  when  an  intense  blue-black  was 
immediately  developed. 

The  colour  was  so  cheap,  good,  and  fast  to 
both  light  and  scouring,  that  the  i^rocess  came 
into  immediate  use,  and  was  subjected  to  much 
investigation  with  the  object  of  improving  it 
by  obviating  its  powerfully  corrosive  action  on 
the  copper  rollers  and  steel  doctors  of  the  print- 
ing machine,  varying  the  shade,  &c. ;  and  as 
usual,  it  is  needless  to  say,  of  evading  the  patent. 

Thus  Cordillot  in  1863  substituted  ammo- 
nium ferricyanide  for  the  copper  salt,'  but  the 
results  were  inferior  to  Lightfoot's.  Lauth  in 
1.S04  substituted  copper  sulphide  for  the  chlor- 
ide, and  much  diminished  the  corrosive  action, 
and  C.  Kochlin  replaced  the  hydrochloric  by 
tartaric  acid  with  a  similar  result. 

Later,  about  1868,  Lightfoot,  Pinkney,  and 
finally  in  1876,  Guyard,  worked  at  the  use  of 
amuionitim  vanadate  in  place  of  the  coj^per 
salt,  the  latter  pointing  out  that  1  part  of  the 
vanadium  compound  was  capable  of  converting 
1  000  parts  of  aniline  chloride  into  black,  whilst 
later  Witz  showed  tliat  this  remarkable  reaction 
W(jiild  occur,  if  only  a  few  days  were  allowed 
and  the  temperature  was  that  of  an  ordinary 
summer,  between  1  part  of  vanadium  salt  and 

'  In  this  anil  other  cases  wli<;re  no  copper  sa't  was  iisecl 
tlip  copper  rollers  no  doubt  provkled  enough  metal,  though, 
of,  course  with  disastrous  effects  to  themselves. 


200,000  parts  of  aniline  chloride,  1  part  of  vana- 
dium being  as  efficient  as  4,666  parts  of  copper. 

The  u:;e  of  ammonium  vanadate  rapidly 
spread,  and  large  quantities  of  minerals  were 
worked  up  in  order  to  obtain  the  necessary 
vanadic  acid,  the  price  of  the  ammonium  salt 
falling  steadily  until  it  reached  a  price  of  about 
twenty  shillings  per  pound.  Of  late  years,  how- 
ever, there  has  been  a  return  to  the  older  copper 
methods,  the  sulphocyanide  being  now  in  con- 
siderable favour.  This  change  was  due  to  the 
J  fact  that  '  vanadium  '  blacks  were  found  not  to 
stand  washing  as  well  as  those  produced  by  the 
copper  process,  repeated  treatment  with  soap 
turning  them  from  blue-blacks  to  green-blacks, 
which  latter  are  not  in  favour,  as  they  look  rusty 
and  dull.  Some  printers  also  say  that  vanadium 
black  weakens,  or,  as  it  is  called,  '  tenders  '  the 
cloth,  though  some  who  have  found  this  still 
continue  to  use  the  process  for  very  line  lines. 

Every  detail  of  the  process  has  been  varied  in 
every  possible  way,  the  number  of  receipts  to  be 
found  in  print  being  in  fact  almost  innumerable. 

In  addition  to  vanadium  compounds,  chro- 
mium, tungsten,  and  cerium  preparations  have 
been  used  on  a  considerable  scale. 

The  consumption  of  aniline  for  this  purpose  is 
very  large.  It  is  a  well-ascertained  fact  that  pure 
aniline  gives  an  extremely  blue  black,  while  ortho- 
and  para-toluidine  produce  impure  reddish  or 
brownish  shades.  The  object  of  the  printer  is  there- 
fore to  obtain  aniline  which  shall  exactly  jjroduce 
the  desired  shade  of  black,  chemically  pure 
aniline,  now  readily  obtainable,  giving  too  blue 
a  shade. 

In  order  to  obviate  too  great  an  acidity  in 
the  mixture,  it  is  also  customary  to  employ  an 
•  aniline  salt '  (i.e.  aniline  hydrochloride)  as  free 
as  possible  from  free  acid.  In  many  works  this  is 
attained  by  the  simple  expedient  of  using  free 
aniline  as  well  as  the  salt,  in  a  solution  of  which 
latter  the  aniline  is  pretty  freely  soluble. 

The  requirements  of  the  printer  are  in 
general :  1.  A  well-crystallised  colourless  aniline 
salt,  dry,  and  free  from  excess  of  acid  and  frej 
from  sand  or  grit ;  2.  aniline  nearly  free  from 
toluidine,  boiling  (uncor.)  90  p.c.  between  180~^ 
and  185°,  and  of  sp  gr.  about  1-023. 

Aniline  black  can  be  dyed  on  wool  by  suit- 
able modifications  of  the  process.  For  instance, 
if  a  bath  is  prepared  of 

80  parts  of  aniline  salt 
40     „    ,,  potassium  or  sodium  chlorate 

5     ,,    ,,  muriatic  acid 
0-1     ,,    „  ammonium  vanadate 
1000     „    „  water 
raised  to  boiling  and  the  wool  introduced  well 
wrung  out  or  centrifugated,  aged  by  hanging  in 
a  warm  room  and  then  passed  through  a  bath  of 
sodium  or  potassium  bichromate,  a  good  per- 
manent black  is  developed. 

Tlie  black  compound  which  is  produced  in  the 
fibre  in  all  these  processes  is  known  as  nigrani- 
line,  and  may  be  i^repared  by  mixing  solutions 
of  aniline  salt,  copper  sulphate,  potassium  chlor- 
ate and  sal  ammoniac,  and  gentle  heating. 
When  freed  from  by-products  by  treatment 
with  suitable  solvents,  it  appears  as  a  dark  green- 
ish amorphous  powder,  insoluble  in  nearly  all 
liquids  but  sulphuric  acid,  by  careful  treatment 
with  which  it  is  converted  into  a  sulphouic  acid, 


ANILINE  BLUE. 


which,  however,  is  of  no  commercial  value. 
Heated  with  tin  and  hydrochloric  acid  it  under- 
goes reduction  and  splits  up  into  jiaraphenylene- 
diamine  and  diamidodiphoiiylaniine,  a  mode  of 
decomposition  which  jioints  to  its  relations  to 
the  satl'ranine  group  of  colours.  (For  an  account 
of  other  deep  blues  and  greens  which  have  of 
late  years  been  sometimes  sold  as  '  black  aniline,' 
'  soluble  aniline  black, '  cVc,  v.  the  articles  on  Indu- 

LINE,  NiGUOSINE,  NaPIITIIOL  Bl.VCK.)      li.   J.  !«'. 

ANILINE  BLUE.  One  of  the  earliest  known 
tests  tor  the  jiresence  of  aniline  was  the  produc- 
tion of  a  transient  blue  colouration  in  the  sus- 
)iccted  fluid,  on  the  addition  of  solution  of 
bleaching  powder.  This  reaction  was  the  origin 
of  one  of  the  obsolete  names  of  aniline,  viz. 
lijianul,  from  Gr.  Kuavos,  a  'blue  substance'  or 
the  '  blue  cornflower.' 

The  first  aniline  blue  of  commercial  value 
was,  however,  tint  <lescribed  in  a  patent  taken  out 
in  January  18(11,  by  C.  Ciirard  and  G.  de  Laire, 
for  heating  the  acetate,  sulphate,  oxalate,  hydro- 
chloride, arsenate,  etc.  of  rosaniline  with  aniline 
for  5  or  (5  hours.  Violet-blue  dyestuffs  were 
thus  obtained,  and  were  at  the  time  introduced 
into  commerce  by  dissolving  the  whole  melt  in 
alcohol ;  the  redder  shade  of  this  colour  was 
known  as  '  violet  imi)erial,'  and  the  bluer  as 
'  blue  de  Lyon.' 

As  a  matter  of  fact,  Messrs.  Simpson,  IMaule, 
Nicholson  had  produced  the  violet  or  '  purple  ' 
colour  before  Messrs.  Girard  &  de  Laire,  but  had 
not  jiushed  the  reaction  far  enough  to  discover 
the  blue,  and  had  not  patented  their  process. 
During  the  ne.xt  few  years  the  process  was  the 
subject  of  a  number  of  patents  now  only  of 
historical  interest,  and  in  consequence  of  the 
discovery  that  the  salts  of  rosaniline  with  organic 
acids  were  alone  capable  of  undergoing  phenyla- 
tion  in  this  manner,  the  methods  of  work 
speedily  settled  down  into  two  main  processes. 

One  of  these  consisted  in  heating  rosaniline 
liydrochloride  with  aniline  and  fused  sodium 
acetate,  whereby  acetate  of  rosaniline  was 
formed  with  separation  of  sodium  chloride.  The 
heating  was  continued  until  the  desired  amount 
of  phenylation,  as  indicated  by  the  blueness  of 
the  melt,  was  attained.  The  melt  was  run  out 
into  dilute  hydrochloric  acid  and  boiled,  thrown 
on  a  filter  and  washed,  and  after  drying  the  colour 
was  ready  for  use.  This  treatment  freed  the 
crude  colour  from  aniline,  unaltered  rosaniline, 
and  some  monophenylated  rosaniline,  together 
with  the  salt.  The  colouring  matter  consisted 
of  tri-  and  di-phenyl  I'osaniline,  together  with 
proportions  of  monophenylated  rosaniline  and 
unaltered  rosaniline,  all  in  the  form  of  hydro- 
chlorides, and  varying  in  proportion  according  to 
the  blueness  to  wliich  the  original  mell  had  been 
carried,  and  the  care  with  which  the  suljsequent 
purification  was  executed. 

The  other  process,  and  the  on»  which  has 
finally  survived,  consisted  first  in  the  prepara- 
tion of  rosaniline  base,  either  by  decomposingthe 
arsenate,  sulphate,  or  oxalate  with  milk  of  lime, 
or  tlie  hydrochloride  with  soda.  This  was  heated 
with  aniline  and  acetic  acid,  which,  however,  in 
time  wi^j  displaced  by  benzoic  acid,  and  in 
the  latter  form  tlie  process  is  now  almost  uni- 
versally carried  out. 

The  function  of  the  acid  in  th-e  reaction-is 


exceedingly  obscure,  and  no  satisfactory  explana- 
tion of  it  has  ever  been  given.  In  the  reaction 
the  acid  plays  no  part,  and  it  can  be,  as  a 
matter  of  fact,  recovered  unchanged  from  the 
melt,  yet  rosaniline  base  alone  cannot  be  phenyl- 
ated  in  this  manner,  nor,  as  has  already  been 
stated,  can  its  salts  with  inorganic  acids. 

Again,  a  very  small  quantity  of  acetic  acid 
suffices  to  cause  the  phenylation  to  take  place, 
but  there  are  limits  beyond  which  it  is  unsafe  to 
reduce  it,  wdiilst  in  the  case  of  benzoic  acid  the 
quantity  necessary  for  the  reaction  is  far  smaller, 
but  it  has  a  limit  correspondingly  low,  though 
still  well  marked. 

What  takes  place,  practically  quantitatively, 
in  a  wcll-conductod  operation  is  the  following  : — • 
/C,1I,NH.. 
C^-C„H,NH,;    +  3-XNIL 

I  \c„h,nh' 


I'araro-aiii  ine.       Aroiu.itk'  nioiiamiue. 


/C  H,NHX 
=  C^0  H,NHX 
I  \C  H,NX 

T/i-X-^ararosaiiiline, 


Ammonia. 


Li  the  above,  X  may  represent  phenyl,  tolyl,  S- 
naphthyl.  &c.  Friswell  in  1878  produced  a  tri- 
phenyltriamido-rosaniline  by  acting  on  p-xos- 
r.niline  base  with  phenylene-diamine. 

A  good  proportion  tor  work  is  the  following : 
Eosaniline  base     .       .    50  parts 
Aniline  ....  iJOO  ,, 
Benzoic  acid .       .       .      ,S  ,, 

The  aniline  is  first  introduced  into  an  iron 
still  capable  of  holding  twice  the  charge  usually 
worked,  and  provided  with  an  agitator  working 
through  a  stulfing-box  in  the  top,  a  swan  neck  or 
heail  communicating  with  a  condenser,  and  a 
tube  provided  with  a  valve  for  running  out  the 
finished  blue  melt.  A  thei'niometer  is  inserted 
in  the  usual  way  and  a  test  hole  closed  with  a 
wooden  plug  provided,  and  the  still  is  set  in  an 
oil  bath,  air  bath,  or,  in  some  cjses,  even  over  a 
naked  fire. 

The  aniline  is  warmed  and  the  base  and 
benzoic  acid  then  introduced  and  the  heating  con- 
tinued. As  soon  as  a  temperature  of  100-120' 
is  reached,  the  base  parts  with  its  constitutional 
water,  and  at  130  140°  the  melt  enters  into 
brisk  effervescence  and  ammonia  comes  off  in 
abundance.  The  heating  is  steadily  pushed  on 
till  ISO  '  is  reached,  when  the  fire  is  checked  and 
the  further  treatm^-nt  continued  with  great 
caution,  frequent  tests  being  drawn  and  examined 
until  the  required  shade  is  reached,  when  the 
fire  is  drawn  and  the  melt  removed  as  speedily 
as  possible  from  the  still,  slightly  cooled,  and 
run  into  its  own  volume  of  methylated  spirit. 
The  whole  is  now  quickly  raised  to  boiling 
when  25  parts  by  weight  of  commercial  hydro- 
chloric acid  is  run  in  and  the  whole  forced 
through  a  filter  into  a  crystallising  tank  of 
copper  where  it  is  allowed  to  cool  slowly  for 
till  ee  or  four  days.  It  has  now  become  a  more 
or  less  fluid  magma  of  minute  crystals  of  the 
triphenylated  rosaniline  hydrochloride  ;  these 
are  placed  on  suitably  constructed  filters  and 
washed  with  methylated  spirit  until  free  f^om 
mother  liquors. 
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The  mctlier  liquors  are  rondei-ed  alkaline  and 
distilled,  whereby  the  spirit  and  aniline  are  re- 
covered for  further  use,  whilst  a  quantity  of  basic 
blue  of  a  red  shade  and  containing  the  lower 
phenylated  rosanilines  &c.  is  also  obtained. 

The  crystallised  substance  is  known  as  '  opal 
blue  '  and  is  insoluble  in  water  but  soluble  in 
alcohol,  aniline,  and  mixtures  of  alcohol  and 
benzene,  with  great  ease.  It  is  used  to  a  mode- 
rate extent  for  dyeing  the  very  finest,  or  as  they 
are  technically  known,  '  greenest '  shades  of  blue 
on  cotton  on  a  soap  and  alumina  mordant.  The 
cost  of  the  spirit  used  to  bring  the  colour  into 
solution,  however,  entirely  prevents  its  use  for 
general  purposes. 

For  these  it  is,  however,  employed  in  the 
form  of  the  sodium  or  ammonium  salts  of  its 
sulphonic  acids,  two  forms  of  which,  both  dis- 
covered by  E.  C.  Nicholson,  are  in  connnon 
use. 

Nicliol!son,  allcali,  or  fast  blue,  consists 
mainly  of  a  nionosulphonate  having  the  general 
formula  XHSO.,  where  X  stands  for  any  given 
phenylated  rosaniline  minus  an  atom  of  Jiydro- 
gen.  It  is  prepared  by  the  cautious  solution  of 
the  hydrochloride  of  the  blue  in  four  times  its 
weight  of  oil  of  vitriol  with  vigorous  stirring 
or  mechanical  agitation.  The  mixture  may 
on  complete  solution  be  treated  in  two  ways, 
which  consist  either  in  the  cautious  addition  of 
fuming  oil  of  vitriol  of  known  percentage  of  SO.,, 
or  else  of  gentle  heating.  Whichever  process 
is  a]  piled,  the  necessary  precautions  are  so 
obv'ous  as  not  to  need  description,  and  the 
operation  is  finished  when  a  test  portion  drawn 
fiom  the  mass  is  found,  after  precipitation  in 
^^a  erand  freeing  by  washing  on  a  filter  from 
exjess  of  sulphuric  acid,  to  be  soluble  in  a  hot 
solution  of  sodium  carbonate. 

When  this  point  is  reached,  the  whole  of  the 
acid  melt  is  precipitated  by  projection  in  a  thin 
stream  into  water  which  is  vigorously  agitated. 
The  precipitated  sulphonic  acid  i:;  then  thrown 
on  to  filters  and  thoroughly  washed  until  the 
wash-waters  no  longer  redden  blue  litmus  paper. 
The  pure  sulphonic  acid  is  then  dissolved  in  a 
known  quantity  of  sodium  carbonate  solution  and 
this  evaporated  to  dryness.  The  sodium  salt  is 
generally  ground  and  appears  in  the  market  as  a 
dark-bhic  powder. 

In  this  form  it  is  mainly  used  for  dyeing 
woollen  goods,  and  has  the  peculiar  property  of 
dyeing  from  an  alkaline  bath,  the  combination 
of  the  colouring  matter  in  the  form  of  the  sodium 
salt  with  the  goods  being  nearly  colourless  until 
the  salt  is  decomposed  by  immersing  the  washed 
goods  in  dilute  acid,  or,  as  it  is  termed,  '  de- 
veloping '  tliem. 

tSoliible  blues.  These  are  higher  sulphonic 
acids  or  their  salts,  and  mr.y  be  generally  repre- 
sented as  X(HSOJ„,  whei'e  n  represents  from 
two  to  four.  The  method  of  preparation  is 
identical  with  that  employed  in  the  manufacture 
of  the  Nicholson  blues,  but  the  process  is  pushed 
further  either  by  the  employment  of  more  SO3 
or  more  heat.  The  acid  treatment  is  stopi^ed  as 
soon  as  a  portion  of  the  melt  is  soluble  in  hot 
water.  The  blue  acid  is  then  precipitated  by  the 
employment  of  a  limited  quantity  of  water,  and 
ficcd  by  mechanical  means  from  the  main  bulk 
ol  tlic  acid  liquors.    The  pressed  cake  is  then 


dissolved  in  boiling  water,  and  lime  added  in  the 
form  of  milk  of  lime  until  the  liquid  has  become 
distinctly  alkaline  and  lost  its  intense  blue 
colour.  Separation  of  the  calcium  sulphate  and 
recovery  of  the  lime  salt  of  the  blue  mechani- 
cally retained  by  it  by  means  of  washing  and 
filter  presses  follow.  The  lime  liquors  or  brown 
liquors  are  concentrated,  freed  from  the  sulphate 
of  lime,  precipitated  during  concentration,  and 
then  decomposed  by  the  addition  of  sodium  or 
,  ammonium  carbonate.  Filtration  follows  as 
before,  and  the  liquors  on  evaporation  leave  the 
salt  of  the  blue  as  a  more  or  less  golden  bronze 
scale. 

j  This  manufacture  is  carried  on  on  a  very  large 
scale,  the  soluble  blues  having  replaced  alkaline 
blues  in  the  cheaper  forms  of  woollen  goods,  and 
being  also  used  for  cotton,  silk,  mixed  fabrics  of 

'  all  kinds,  leather,  S:e. 

j  Diplicnylaniinc  blue.  A  blue  of  very  fine 
shade  produced  by  the  oxidation  of  commercial 
diplienylamine  (containing  paratolylphenyl- 
amine)   by  means  of  various  agents  among 

j  which  carbon  sesquichloride  and  oxalic  acid 
were  the  most  important.  The  diplienyl- 
amine and  oxalic  acid  were  fused  together  with 

'  the  addition  of  acetic  acid,  and  the  fused  mass 
maintained  at  a  temperature  of  1S0°-1'..'0°  for 
eig'it  to  ten  hours  ;  formic  and  carbonic  acids 
and  water  escaj^ed,  and  the  melt  was  judged  to 

t  be  finished  when  the  blue  ceased  to  increase  in 
quantity.  By  another  and  very  successful  mode 
the  diphenylamine  and  oxalic  acid  were  fused 
together  until  the  water  of  crystallisation  of  the 
acid  had  been  driven  off.  The  mass  was  then 
cast  into  cakes  about  1  inch  thick,  and  these 
broken  into  fragments,  piled — in  such  away  that 
free  circulation  of  air  could  take  place — in  trays 

I  which  were  in  turn  placed  in  a  chamber  which 
could  be  maintained  at  about  110°C.  while  a  con- 
siderable current  of  air  passed  through  it.  Much 
oxalic  acid  sublimed  unchanged,  and  was  re- 
covereil  for  further  use. 

The  crude  blue  produced  in  either  way  was 
freed  from  unaltered  diphenylamine  by  washing 
with  a  coal  naphtha  or  with  light  petroleum. 
Oxalic  acid  was  removed  by  water  and  the  blue, 
after  conversion  into  hydrochloride,  was  after- 
wards sulphonated.    Used  mainly  as  a  soluble 

I  blue  for  very  finest  shades  on  silk. 

It  has  been  asserted  that  this  blue  consisted 
of  triphenylpararosaniline,  but  there  are  many 

I  reasons  for  rejecting  this  view  ;  at  any  rate  it 

;  differs    greatly    from  triphenylpararosaniline 

I  prepared  by  the  direct  phenylation  of  para- 
rosaniline. 

Methijlcliphenylamine  blue.  Prepared  in  a 
similar  manner  to  the  last  from  methyldiphenyl- 
amine. 

Mctliylcne  blue.    In  1876  Lauth  discovered 
that  paraphenylenediamine  heated  with  sulphur 
became  converted  with  evolution  of  SH_,  into 
a  body  which  contained  sulphur,  and,  on  oxida- 
tion, produced  a  violet  dyestutf.    The  same  body 
could  be  obtained  by  saturating  a  solution  of 
paraphenylenediamine  with  SH^  and  then  adding 
ferric  chloride.    The  colour  had  no  industrial 
j  value,  but  the  similar  methylated  body  obtained 
j  by  treating  dimethylparaphenylenediamine  with 
I  sulphuretted  hydrogen  and  an  oxidising  agent 
■  is  manufactured  on  a  considerable  scale. 
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Dinietliylauiline  is  dissolved  in  liydrochloric 
acid,  and  the  calculated  quantity  of  sodium 
nitrite  added  to  convert  it  into  the  correspondin'T 
nitroso-dimethylaniline ;  this  is  very  carefully 
reduced  by  means  of  zinc  powder,  and  dimethyl 
paraphenylenediamine  is  tlius  obtained  ;  sodium 
sulphide  is  added,  and  an  oxidising  agent  — 
generally  ferric  chloride. 

A  blue  and  a  red  body  are  produced,  the 
former  giving  a  zinc  double  salt  which  is  easily 
precipitated  by  salt  brine  ;  the  red  remaining  in 
solution.  A  very  large  number  of  patents  have 
been  taken  out  for  variations  in  the  mode  of 
preparation,  some  even  proposing  the  re  luction 
of  such  bodies  as  the  dimefchylanilineazobsnz- 
cne  sulphonates  and  the  corresponding  /3-nxph- 
thol  colours  in  order  to  obtain  paraphenylene- 
diamine with  separation  and  recovery  of 
sulphanilic  acid  or  ^-naphtliol  sulphouic  acid. 

Methylene  blue  is  usually  sent  into  the 
market  as  the  double  zinc  chloride.  It  is  found 
in  several  shades :  the  purest  are  extremely 
'  gve^'n,'  but  if  at  all  desply  dyed  the  shades  are 
dull  and  lifeless.  It  is  also  not  fast  to  washing, 
and  does  not  stand  exposure  to  light  very  well. 

Vi  'toria  blur.  Following  on  the  important 
discovery  of  the  production  of  the  methyl  violets 
by  the  action  of  phosgene  C0C1._,  on  dimethyl 
aniline  in  the  presence  of  anhydrous  aluminium 
c  iloride  came  the  manufacture  of  a  very  tine 
basic  blue  colour,  introduced  into  commerce  in 
1881  under  the  above  name. 

To  prepare  this  colour  pho'.gene  is  mixed 
with  dimethylaniline  and  aluminium  chloride, 
and  gently  heated.  Tetramethyldiamidobenzo- 
phe  lone  is  formed  immediately,  and  in  almost 
theoretical  proportions.    On  heating  this  product 
with  aluminium  chloride  and  phenyl  a-naphthyl- 
amine  a  second  condensation  ensues,  and  the 
yC  H  NMe,        chloride  of  Victoria  blue  B, 
C—C  K  N^le',        ''^  which  the  colour  base  has 
I  \c  H  NaC  'H     the  formula  annexed,  is  pro- 
j       "     I       "    '    duced.    SimiLir  op?rations 

  with  the  same  ketone  and 

methylphenyl  a-naphthylamine  give  Victoria 
blue  4  R,  while  tetraethyldiamidobenzophenone 
with  phenyl  o-naphthylamine  gives  Victoria 
blue  2  B. 

jMany  other  similar  bodies  of  a  blue  or  violet 
colour  may  and  have  been  obtained  by  variations 
of  the  bodies  condensed.  11.  J.  F. 

ANILINEBROWNr.Azo-coLoiTiiiNG  matteks. 

ANILINE  SALT.  The  comm-reial  ra  ne  of 
aniline  hydrochloride  C,H,NH^HC1. 

It  is  prepared  in  large  (juantities  for  the  use 
of  calico  printers,  wlio  empbiy  it  in  the  produc- 
tion of  aniline  bla;-k.  The  process  consists  in 
mixing  the  calculated  cpiantities  of  pure  aniline 
and  muriatic  acid  in  stone  tanks  and  allowing 
the  salt  to  crystallise,  freeing  it  from  mother  ' 
liquors  in  a  centrifugal  machine  and  drying. 
The  muriatic  acid  used  shoul  I  be  of  good  quality, 
fairly  free  from  iron  and  absolutely  free  from 
even  traces  of  copper,  or  the  salt  will  rapidly 
blacken. 

The  mother  liquors  may  be  neutralised  with 
lime  or  soda,  and  the  aniline  recovered,  or  they 
may  be  boiled  down  and  use  1  in  making  magenta 
by  the  nitrobenzol  process  Ac. 

'Aniline  salt'  occurs  in  commerce  in  large 
whit'j  nacreous  and  much  contorted  plates.  ^ 


The  great  desider;;t  i  for  the  calico  printer 
are  that  the  salt  should  be  made  from  pure 
aniline  and  should  be  dry  and  normal,  contain- 
ing 93  parts  aniline  to  8G'5  parts  of  hydro- 
chloric acid ;  it  should  be  free  from  sand  and 
grit,  which  injure  the  printing  machines.   K.  J.  F. 

ANIMAL  CHARCOAL.  Noir  d'os,  Fr. ; 
Knnclunscliwarz,  Ger.  This  substance,  also 
known  by  the  name  of  Bone  Black,  or 
technically  as  'Char,' is  formed  by  carbonising 
bones  at  a  high  temperature  in  vessels  from 
which  air  is  excluded.  Animal  charcoal  pos- 
sesses the  property  of  absorbing  organic  colouring 
matters  from  solutions  brought  in  co  itact  with 
it ;  thus  a  solution  of  brown  sug  ir  passed 
through  animal  charcoal  will  be  found  to  have 
its  colour  more  or  less  removed.  This  property 
is  also  possessed,  though  to  a  far  smaller  degree, 
by  wood  charcoal,  as  first  noticed  by  Lowitz 
about  the  year  18J0.  In  fact,  from  that  date 
to  1811,  wood  charcoal  was  much  employed  for 
decolourising  syrups,  but  it  was  then  demon- 
strated by  Figuier  that  bone  black  was  far  more 
effectual  and  energetic  in  its  action.  In  1812 
Charles  Derosne  introduced  animal  charcoal 
into  the  manufacture  of  sugar,  and  in  1821 
Bussy  and  Payen  obtained  a  prize  for  a  memoir 
on  the  jn'opertics  and  mode  of  action  of  cliai'coal. 
Although  the  effect  of  animal  c'larcoal  is  most 
conspicuous  in  removing  organic  colouring  mat- 
ters from  solution,  it  is  also  capable  of  absorb- 
ing many  other  organic  and  also  mineral  sub- 
stances. It  was  proved  by  Graham  that  various 
mineral  substances  were  removed  from  solutioa 
by  animal  charcoal  ;  thus,  the  lime  is  taken  up 
from  lims-water  and  niotallio  salts  are  absorbed 
from  their  solutions  in  water.  According  to 
Chevallier,  lead  nitrate  and  acetate  ai'e  com- 
pletely removed  by  animal  charcoal.  Weppen 
has  shown  that  t'lis  action  extends  to  a  great 
vaidety  of  metallic  salts,  including  cupric,  zinc, 
chromic  and  ferrous  sulphates,  nickel,  cobalt, 
silver,  mercurous  and  mercuric  nitrates,  tartar 
emetic,  stannous  chloride,  a.id  ferric  acetate. 

As  the  result  of  a  number  of  experiments  on 
the  absorption  of  different  salts  by  animal 
charcoal, Bodenbendcr  (Sugar  Cane,  vol. ii.  p.  316) 
has  arrived  at  the  following  conclusions  : — - 

1.  The  power  which  it  possesses  of  absorb- 
ing salts  is  for  the  most  part  a  physical  pro- 
perty. 

2.  A  given  weight  absorbs  a  larger  proportion 
of  salts  from  a  concentrated  than  from  a  diluted 
solution  ;  on  the  other  hand,  the  proportion 
absorbed  from  a  constant  quantity  of  salts  is 
more  considerable  when  this  quantity  is  in  a 
dilute,  than  when  it  is  m  a  concentrated  solution. 

3.  The  presence  of  sugar  has  only  a  slight 
influence  on  the  absorption  of  salts. 

4.  The  salts  of  potassium  are  retained  in 
smaller  proportion  than  those  of  sodium. 

5.  Among  the  salts  experimented  with,  the 
amount  taken  up  is  in  the  following  order,  be- 
gmning  with  that  least  absorbed: — potassium 
chloride,  sodium  chloride,  potassium  n'trate, 
sodium  nitrate,  potassium  acetate,  sodium 
acetate,  potassium  sulphate,  sodium  sulphate, 
m,agnesium  sulphate,  potassium  carbonate, 
sodium  carbonate,  sodium  phosphate. 

ti.  A  chemical  action  of  the  charcoal  has 
been  observed  with  respect  to  some  carijonates, 
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oxalates,  and  other  salts,  being  brought  about  by 
the  presence  of  calcium  sulphate  and  ijho-sphatc 
in  the  charcoal. 

7.  Charcoal  saturated  with  one  salt  is  capa- 
ble within  certain  limits  of  withdrawing  another 
salt  from  solution. 

8.  There  is  less  absorption  by  charcoal  of  a 
salt  when  in  contact  with  it  for  a  short  tim? 
than  when  the  contact  is  prolonged.  The  differ- 
ence due  to  time  of  contact,  however,  ceases 
when  the  contact  has  lasted  some  hours. 

Various  explanations  have  been  offered  to 
account  for  the  peculiar  action  of  charcoal.  It 
^  as  attributed  by  JJussy  to  the  highly  divided 
state  of  the  carbon  contained  in  it.  From  the 
similarity  of  the  action  of  charcoal  upon  diverse 
bodies,  and  the  general  nature  of  its  operation, 
it  would  appear  to  be  due  to  some  physical  or 
mechanical  cause.  Charcoal  seems  indeed  to 
oxert  merely  a  surface  action,  withdrawing  the 
colour  from  the  liquid  passed  through  it,  but 
not  in  any  way  destroying  the  same,  and  Kohl- 
rausch  has  shown  by  experiment,  that  by  means 
of  a  solution  of  ammonia  it  is  possible  to 
practically  dissolve  out  all  the  colour  which  has 
been  absorbed  by  charcoal  through  which  mo- 
lasses has  been  previously  passed. 

It  has  been  suggested  that  the  action  is  due 
to  absorption  of  nitrogen  and  its  conversion  in 
the  pores  of  the  charcoal  into  ammonia,  but  this 
has  been  disproved  by  the  fact  that  the  charcoal 
can  be  cooled  in  gases  not  containing  nitrogen, 
:md  that  under  these  conditions  it  still  retains 
an  equal  decolourising  power. 

In  connection  with  the  action  of  animal 
charcoal,  it  is  stated  by  P.  Degener  and  J.  Lack 
(German  Patent,  31,358,  1884)  that  the  freshly 
ignited  charcoal,  moistened  with  as  much  water 
as  it  can  take  up,  and  exposed  to  light  and  air, 
produces,  even  in  a  few  minutes,  a  percei^tiblo 
quantity  of  hydrogen  peroxide,  and  is  thus 
rendered  more  active  than  the  untreated  ma- 
terial. 

They  also  state  that  exposure  for  forty-eight 
hours  in  layers  of  3  inches  thick,  the  charcoal 
being  frequently  sprinkled  with  water  and  turned 
over,  gives  good  results,  and  that  if  milk  of  limo 
is  sprinkled  over  bone  black,  calcic  peroxide  is 
produced,  and  in  the  same  way  other  alkaline 
earths  and  alkijlis  can  be  converted  into  per- 
oxides. 

It  was  first  observed  by  Tilliot  that  more 
organic  matter  is  absorbed  by  charcoal  from 
solutions  at  a  high  temperature  than  in  the  cold, 
this  result  being  only  partially  due  to  the  in- 
creased circulation  caused  by  heating. 

Manufacture  of  Animal  Charcoal. — The 
bones  employed  should  be  carefully  selected, 
hard,  and  free  from  extianeous  matter.  Horse, 
whale,  and  fish  bones  are  not  of  a  suitable 
character,  owing  to  their  yielding  a  soft  char. 
Bones  which  have  been  exposed  to  atmospheric 
action  for  a  long  time  or  which  have  been  buried 
in  the  ground  cannot  be  successfully  employed, 
as,  owing  to  the  alteration  in  their  composition, 
they  yield  a  char  deficient  in  carbon. 

Before  proceeding  to  carbonise  the  bones, 
the  fat  is  removed  by  boiling,  or  by  means  of  a 
suitable  solvent,  such  as  benzene.  By  the  first- 
named  treatment  from  4  to  .5  p.c.  of  fat  is  ex- 
tracted, and  by  the  second  from  6  to  8  p.c.  In 


the  process  of  extracting  fat  from  bones  by 
means  of  a  solvent,  difficulties  arise  from  the 
presence  of  water,  and  F.  Seltsam  (Patent 
10,208,  185.))  has  jiroposed  to  overcome  these  by 
using  a  solvent  (such  as  a  hydrocarbon  from 
petroleum)  having  a  higher  boiling-point  than 
that  of  water,  the,  temperature  during  extraction 
being  raised  to  above  100°C.  He  states  that  by 
this  means  the  water  is  expelled  from  the  bones 
and  the  extraction  of  fat  is  rendered  more  com- 
plete. Dr.  Lorenz  says  that  bones  after  treat- 
ment with  benzene  contain  1-2  to  2'5  p.c. 
of  fat,  whicli  can  be  extracted  by  a  further 
treatment  with  benzene,  and  0-48  to  0-8  p.c. 
of  fat  removable  by  ether,  or  in  all,  1  68  to  3'3 
p.c,  which  is  lost  in  the  jnoccss.  This  mode  of 
extracting  fat  is  employed  in  many  factories  on 
the  continent  and  in  one  or  two  in  the  United 
Kingdom,  but  is  objected  to  by  those  not  using 
it  on  the  ground  that  the  advantage  gained  in 
the  increased  amount  of  fat  recovered  is  more 
than  counterbalanced  by  t'^e  lowness  of  its 
value  owing  to  its  bad  quality  and  disagreeable 
odour,  and  also  because  the  char  subsequently 
made  is  depreciated  in  value  by  reason  of  its 
containing  less  carbon. 

The  apparatus  employed  in  making  bone  char- 
coal is  similar  to  that  used  in  a  gasworks.  The 
bones  are  carbonised,  after  being  roughly  crushed, 
in  vertical  or  horizontal  iron  retorts  of  a  round, 
oval,  or  D  section,  the  latter  by  preference.  The 
length  of  the  horizontal  retort  is  usually  from 
10  to  12  feet,  the  long  diameter  being  18  inches 
and  the  short  diameter  of  the  oval  retort  12 
inches.  There  are  usually  five  retorts  in  each 
bed.  The  retorts  are  connected,  in  the  same 
way  as  gas  reto.to,  with  a  hydraulic  main,  and 
this  again  with  condensers  or  scrubbers  filled 
with  coke  in  which  the  bone  oil  separates  and 
from  which  the  gases  are  exhansteJ,  and  then 
forced  through  a  series  of  washers  containing 
water  to  remove  the  ammonia,  the  residual  gases, 
which  are  employed  for  heating  and  lighting 
purpo.ses,  finally  passing  into  a  gas  -  holder. 
Charges  of  about  2.j  cwt.  of  bones  are  carbonised 
in  vertical,  and  'd\  cwt.  in  horii'ontal  retorts, 
the  operation  taking  about  six  to  eight  hours 
with  the  former  and  eight  to  ten  hoars  with  the 
latter.  The  bone  oil  collected  in  the  condenser 
amounts  to  from  3  to  5  p.c.  on  the  bones  car- 
bonised, and  the  ammonia  in  the  ammoniacal 
liquor  is  equal  to  {)\  to  10  p.c.  of  ammonium 
sulphate,  into  which  it  is  converted  in  the  usual 
way.  When  the  bones  are  completely  carbonised 
the  charcoal  is  removed  from  the  retorts  and 
cooled  in  strong  sheet-iron  canisters,  which  are 
at  once  covered  with  closely-fitting  lids  and  luted 
round  the  edges,  either  with  charcoal  paste  or  a 
water  lute.  The  char  when  quite  cold  is  crushed, 
generally  in  a  Bogardus  mill  (on  its  way  to 
which  any  iron  it  may  contain  is  removed  by 
passing  over  the  poles  of  an  electro-magnet) 
and  then  sifted  into  various  sizes  to  suit  the  re- 
quirements of  the  sugar  refiner.  It  is  usually 
moistened  before  grinding  to  keep  down  the  dust. 
Good  bones  yield  about  05  p.c.  of  char,  but  from 
20  to  30  p.c.  of  this  is  dust,  which  fetches  a 
lower  price  than  the  larger  grist. 

The  following  analysis  gives  approximately 
the  composition  of  a  good  sample  of  bone  char- 
coal :  — 
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Cm  boil  .... 

10-51 

Calcium  and  iniif^nesiuiii  ji'm  s 

phates,  calcium  lluuriile,  c'C'c.  . 

80-21 

Calcium  carbonate 

8-:!0 

Calcium  sulpliatc 

0-17 

Fen  ic  oxide 

01'2 

Silica        .       .       .       .  . 

0-34 

Alkaline  salts    .       .       ,  . 

0-35 

100-00 

Moisture  oiiginally  present 

8-00 

Space  occupied  by  one  ton  of  dry  bone  char- 
coal, 48  cubic  feet. 

Sizes  left  on  sieves  of  various  degrees  of 


fineness  :  — 

Above  10  holes  to  linear  inch  .  0 

10  to  20    „           „        „    .  .  28 

20  to  30    „           „        „    .  .  32 

30  to  40    „           „        „   .  .  27 

40  to  50    „           „        „    .  .  11 


Below  50    „  ,,        ,.  or  ilust  2 

100 

The  carbon  always  contains  a  certain  pjro- 
portion  of  nitrogen  amounting  to  about  one- 
tenth  of  its  weight ;  there  is  also  a  minute 
projiortion  of  hydrogen  present.  The  nitrogen  j 
continually  becomes  less  and  less,  whilst  the 
bone  charcoal  is  being  used  for  sugar-refining. 

When  char  is  repeatedly  reburned  it  becomes 
less  porous  and  shrinks  in  volume,  so  that  a  ton 
of  char,  which,  when  new,  measures  48  to  54  ' 
cubic  feet,  may  be  reduced  to  as  low  as  28  cubic 
feet  after  being  reburned  many  times,  or,  in 
other  words,  its  apparent  density  may  bo  nearly 
doubled. 

l)r.  Wallace  has,  however,  shown  that  the 
real  sp.gr.  varies  but  little  ;  thus,  a  new  char 
occupying  50-(j  cubic  feet  per  ton,  or  having  au  j 
apparent  sp.gr.  of  0-71,  had  a  real  sp.gr.  of  I 
2-822,  whilst  a  moderately  old  sample,  occupying 
35  cubic  feet  per  ton,  or  having  an  apparent  ' 
sp.gr.  of  1-03,  had  a  real  sp.gr.  of  2-S57,  or  only 
a  trifle  over  tliat  of  the  new. 

Another  proof  that  cliar  loses  its  porosity  to 
a  considerable  extent  by  long-continued  use  and 
reburning  is  afforded  by  the  fact,  pointed  out  by 
Dr.  Wallace,  that  dry  new  char  will  absorb  from 
80  to  100  p.c.  of  its  weight  of  water,  whereas 
old  char  will  only  retain  from  30  to  45  p.c. 

Bone  charcoal  is  sometimes  used  as  a  pigment, 
and  is  prepared  by  first  making  it  iuto  a  paste 
with  water,  and  then  grinding  it  to  a  very  fine 
powder,  which  is  afterwards  dried. 

Ivory  black  consists  of  char  in  an  exceed- 
ingly fine  state  of  division. 

iLJone  charcoal  is  used  for  the  purification  of 
water  and  also  of  oil,  paraffin,  glycerine,  etc.,  and 
the  dust  is  employed  in  the  manufacture  of  ivory 
black  and  blacking.  The  chief  use  of  boiu 
charcoal  is,  however,  for  decolourising  saccharine 
solutions  {v.  Sug.\k). 

New  charcoal  of  good  ijuality  sliould,  in  the 
dry  state,  contain  not  less  than  IJ  nor  more  than 
11-5  p.c.  of  carbon.  The  silic.i  should  not  ex- 
ceed 0-5  p.c,  the  oxide  of  iron  0-15  p.c,  and  the 
calcium  sulphate  0-2  p.c.  New  charcoal  is 
usually  sold  oii  a  basis  of  8  p.c.  of  moisture. 
The  weight  of  a  cidjic  foot  should  not  exc^'ed 
52  lbs. 


New  charcoal  should,  when  incinerated,  leave 
an  ash  of  a  uniform  white  or  cream  colour;  the 
l)resence  of  grey  or  reddish  particles  indicates 
that  the  sample  has  been  mixed  with  old  char- 
coal. New  charcoal  when  brought  in  contact 
with  the  tongue,  adheres  to  it  somewhat  strongly. 
The  size  of  grain  wliich  it  is  desirable  to  have  in 
new  charcoal  depends  upon  the  use  to  wdiich  it 
is  to  be  applied.  Large  grain  charcoal  is  pre- 
ferable for  strong  liijuors,  such  as  the  liquor 
used  for  washing  loaf  sugar.  Eetiners,  as  a  rule, 
prefer  small  grain  ;  if,  however,  the  grain  be  very 
small  it  impedes  the  passage  of  liquor  and  also 
gives  considerable  trouble  in  washing.  When 
bone  black  has  by  long  use  practically  lost  its 
power  of  removing  colour,  it  is  known  as  spent 
char  and  is  then  used  as  a  manure,  either  as 
it  is,  or  more  generally  after  treatment  with 
sulphuric  acid,  so  as  to  form  superphosphate  of 
lime. 

Revivification  of  clwr. — A  description  of 
the  kilns  most  generally  in  use  for  revivifying 
char  will  be  found  in  the  article  on  sugar,  but 
of  late  years  these  have  been  to  a  considerable 
extent  replaced  by  the  Buchanan  and  Vickess' 


kiln.  This  revolving-pipe  and  self -discharging 
kiln  consists  of  22  cast-iron  pipes,  each  about 
1  foot  in  diameter,  ijlaced  in  a  double  row  on 
each  side  of  a  furnace.  Each  pipe  is  fitted  with 
an  interior  perforated  pipe  to  convey  away  the 
steam  and  other  gases  evolved.  iHollow  louvres 
project  over  the  holes,  serving  the  double  object  of 
alternating  the  position  of  the  char  and  pre- 
venting it  from  finding  its  way  into  the  interior 
pipe,  at  the  same  time  allowing  free  egress  for 
the  vapour.  Attached  to  each  carbonising  pipe 
are  six  cooling-pipes  which  are  made  to  revolve 
slowly  with  them.    A  self-discharging  apparatus 
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is  placed  at  the  bottom  of  each  set  of  cooling 
pipes,  and  automatically  removes  measured 
quantities  of  char  at  stated  intervals.  These 
kilns  are  provided  with  a  square  main  pipe  at 
the  top  of  the  carlionising  pipes  which  is  heated 
by  the  waste  gases  coming  from  the  interior 
pipes  and  serves  as  a  drier  for  the  wet  char 
which  is  placed  over  it  and,  as  it  dries,  runs 
into  the  space  between  the  internal  and  external 
pipes.  This  kiln  presents  advantages  over  the 
ordinary  kiln,  the  char  being  more  evenly  burned, 
whilst  the  pipes,  owing  to  their  rotation,  are  ex- 
posed equally  to  the  action  of  the  heat  and, 
therefore,  preserve  their  shape.  The  use  of  super- 
heated steam  for  the  pui-pose  of  revivifying  char 
has  been  repeatedly  suggested  and  has  been  em- 
ployed on  the  Continent.  The  process  has  the 
advantage  that  by  means  of  steairi  it  is  possible 
to  regulate  the  heat  applied  to  any  given  extent, 
and  it  also  eft'ccts  a  saving  in  fuel.  Each  part 
of  the  char  gets  equally  heated  and  there  is 
no  danger  of  its  pores  being  contracted  by  over- 
burning. 

Wm.  Cormack  has  patented  the  use  of  high 
pressure  and  superheated  steam  and  air  at  not 
less  than  G50°F.,  by  which  means  he  claims  to 
be  able  to  revivify  char  at  a  black  heat  instead 
of  a  red  heat. 

Pampe  suggests  the  regeneration  of  char 
by  means  of  steam  at  G00°  to  700"C.  which 
renders  the  char  red-hot.  He  says  that  the 
char  must  be  as  large  as  peas,  in  order  that 
the  steam  may  thoroughly  penetrate  it. 

In  the  United  States  the  wet  char,  after 
it  has  been  used  in  the  refining  of  sugar,  is 
taken  (usually  by  bands)  to  the  top  of  driers 
which  are  placed  on  the  char  kilns  between 
the  beds  of  pipes.  The  driers  are  usually  of  an 
A  section,  and  extend  the  whole  length  of  the 
bed,  and  they  have  a  hopper  at  the  top  into 
which  the  char  is  fed.  The  char  passes 
through  a  slit  left  for  that  purpose  between  the 
sides  of  the  hopper  and  the  top  of  the  drier,  and 
slides  down  each  side  on  to  the  beds  of  the  kilns, 
the  char  on  its  passing  down  being  loosely 
held  against  the  drier  by  means  of  an  iron 
louvre-arrangement,  the  laths  of  the  louvre 
being  placed  a  short  distance  from  the  drier. 
The  flue-gases,  after  leaving  the  kiln,  pass 
through  horizontal  flues  backwards  and  for- 
wards the  whole  length  of  the  drier,  so  that  the 
char  is  dried  by  means  of  the  waste  heat, 
and  considerable  economy  is  effected  in  fuel. 
The  cooling  -  pipes  at  the  lower  end  of  the 
char  pipes  are  provided  with  an  automatic 
continuous  or  intermittent  discharging  ar- 
rangement. This  mode  of  working,  besides 
effecting  a  saving  in  labour,  causes  the  char 
to  be  better  burned,  and  is  advantageous  in 
other  respects.  In  some  cases  the  char 
after  coming  from  the  cooling-jjipes  is  passed 
through  a  kind  of  upriglit  multitubular  boiler, 
the  warm  char  passing  through  the  tubes, 
which  are  surrounded  with  water.  This  plan 
of  operating  avoids  the  necessity  of  cooling  the 
e'liar  by  means  of  water  in  the  cisterns  and 
economises  its  heat,  which  would  otherwise  j 
be  lost.  j 

In  addition  to  the  ordinary  mode  of  wash-  j 
ing  and  revivifying  char,  as  mentioned  under 
•■sugar,'  various  suggestions  have  been  made, 


and  the  most  important  of  these  will  now  be 
briefly  described. 

Very  dilute  hydrochloric  acid  is  often  em- 
ployed for  purifying  char,  especially  char  which 
I  has  been  used  in  the  manufacture  of  raw  beet 
1  sugar.    The   calcium  chloride  thus  produced 
j  is  washed  out  as  far  as  possible  by  boiling  water, 
and  the  amount  of  calcium  carbonate  is  thereby 
reduced  to  a  notable  extent. 
1       In  beet  sugar  factories  and  in  refineries,  the 
'  char  is  sometimes  allowed  to  ferment :  a  little 
of  the  '  sweet '  being  left  in  it,  the  acids  pro- 
duced dissolve  some  of  the  calcium  carbonate 
and  sulphide,    forming  soluble  calcium  salts 
which  are  afterwards  washed  out. 

Crossfield,  Barrow,  and  Cook  took  out  a 
patent  (2,024,  1874)  for  the  use  of  a  solution  of 
superphosphate  in  lieu  of   hydrochloric  acid. 

Cook  had  previously  patented  (2,506,  1872) 
the  use  of  a  solution  of  ammonium  chloride 
j  mixed  with  the  char  after  the  latter  had  been 
I  washed.   The  char  after  this  treatment  on  being 
j  reburned  gave  otf  ammonium  carbonate,  and 
calcium  chloride  remained  in  it,  and  was  after- 
wards removed  by  washing. 

It  has  also  been  suggested  to  pass  the  vapour 
j  of  ammonium  chloride  through  the  red-hot  char 
j  in  the  kiln  pipes,  the  calcium  chloride  produced 
I  being  subsequently  washed  out.    Phillips  pro- 
I  posed  (Patent  2,049,  1870)  the  use  of  alcohol, 
j  in  conjunction  with  ammonia,  and  other  alkalis, 
j  to  remove  colouring  matters  &c.  which  had  been 
[  absorbed  by  char.    The  alcohol  and  ammonia 
were  recovered  by  distillation,  and  the  char  so 
treated  was  again  used  without  reburning.  This 
process  was,  we  believe,  tried  on  a  large  scale  by 
'  rinzel,  but  was  not  attended  with  satisfactory 
results.    Treatment  with  a  solution  of  boric  acid 
was  patented  by  Lugo  and  Gandolfo  (No.  2,535, 
187ti). 

The  use  of  dry  hydrochloric  acid  gas  was 
patented  by  Edward  Beanes  (No.  283,  18t<4),  and 
this,  it  w'as  said,  only  attacked  the  calcium  car- 
bonate, there  being  no  loss  of  calcium  phosphate, 
whereas  when  an  aqueous  solution  of  the  acid 
is  emi:)loyed,  a  certain  amount  of  phosphate  is 
always  dissolved. 

Beanes,  Patrick,  and  many  others  have  pro- 
posed to  remove  the  carbonate  of  lime  by  means 
of  carbonic  acid  in  the  presence  of  water. 

Duncan  and  Stenhouse  have  patented  the  me 
of  dilute  nitric  acid  for  purifymg  char.  This 
process  presents  the  advantage  that  any  calcium 
nitrate  left  in  the  char  will  be  decomposed  on 
heating,  and  the  residual  lime  can  be  readily 
washed  out. 

The  exhaustion  of  the  air  out  of  the  char 
previous  to  the  introduction  of  dilute  hydro- 
chloric or  other  acid  has  been  frequently  sug- 
gested, so  as  to  equalise  the  action  of  the  solvent 
and  prevent,  as  much  as  possible,  the  solution  of 
the  calcium  phosphate. 

Washing  by  means  of  an  upward  current  of 
water  was  patented  by  Andrew  Stewart  (No.  2,488, 
1870). 

Espeut  (Patent  3,580,  1874),  De  Castro,  and 
others  have  proposed  to  fill  and  empty  char 
cisterns  by  forcing  a  mixture  of  char  with  liquor 
or  water  through  a  pipe  into  or  out  of  the  cis- 
terns. A  ditiiculty  experienced  in  working  this 
way  is  caused  by  the  char  having  a  tcndcucy  to 
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block  up  tlio  pipps.  Wlion,  however,  tlic  dis- 
tance is  short,  and  a  straij^ht  and  separate  pipe 
can  bo  employed,  this  mode  of  working  is  most 
satisfactory. 

After  reburning,  the  char  is  usually  conveyed 
to  the  char  cisterns  by  means  of  trucks  or  bands  ; 
but  Steel  and  Hastie  in  ISi'iS,  and  since  then 
G.  Finzel,  proposed  to  accomplish  this  removal 
by  means  of  a  current  of  air.  This  plan  was 
used  by  Finzel  for  the  whole  of  his  drycliarooal, 
but  is  not  at  present  employed.  The  objections 
to  using  it  are  that  the  char  is  reduced  to  dust 
by  attrition,  and  the  pores  are  tilled  with  this 
(lust,  the  surface  of  the  char  at  the  same  time 
becoming  glazed. 

After  the  char  has  been  removed  from  the 
kilns,  it  is  sometimes  sifted  to  remove  dust. 
The  dust  may  also  be  advantageously  got  rid  of 
by  the  use  of  Mumford  and  Moodie's  separator, 
in  which  a  circulating  current  of  air  is  ►'iiiploycd 
for  this  purpose.  N.  13ros. 

ANIMAL  OIL  V.  Bone  oil. 

ANIME  and  ANIMI  v.  Oleo-eesins. 

ANIMIKITE.  A  mineral  from  Silver  Islet 
Mine,  Lake  Superior. 

As      Sb       S      Hg      Ag      Co      Ni      Fe  Zn 
0-35  11-18  1-49  0-'J9  77-o8  2-10  l-'JO  1-08  0-3G 

Loss  1-08  =  'J9-31  sp.gr.  9-45  (Wurtz,  J.  33, 
1403). 

ANISEED  {Anis,  Fr.  Ger.).  The  fruit  of  the 
I'iiiipinclla  Aniswn,  cultivated  in  Malta,  Spain, 
and  Germany.  Used  for  the  preparation  of 
anise  oil  and  cordials.  Alcohol  extracts  3G'24 
p.c.  of  this  spice  (Biechele,  Ph.  [3]  10,  878). 

ANISE  CAMPHOR  v.  GAMrnoits. 

ANISE  OIL.  The  essential  oil  of  aniseed 
obtaine<l  by  distilling  it  with  water.  According 
to  Landolph  (C.  R.  81,  97  ;  82,  220),  it  contains 
90  p.c.  of  ancthol,  boiling  at  22G°C.  Anethol, 
according  to  Ferkin  (C.  J.  32,  608),  is  jj-allyl- 
amsol  C„H,(OMe)CH  :  CH.CH, ;  he  obtahied' it 
by  heating  ^Ji-methoxy-phenylcrotonic  acid. 

Anise  oil  is  sometimes  adulterated  with  fennel 
oil ;  this  can  be  detected  by  heating  the  oil,  when 
the  fennel  odour  becomes  perceptible. 

Star  anise  oil  has  a  similar  colour  and  taste, 
but  it  does  not  solidify  at  2'C. 

ANISIDINE  NH,,.C,H,.OMe.  Oithanisi- 
dinc.  Obtained  by  the  reduction  of  orthouitrani- 
sol  with  tin  and  hydrochloric  acid  or  iron  and 
hydrochloric  acid  (Meister,  Lucius,  and  Brdning, 
Cierm.  pat.  7,217  of  Dec.  3,  1878),  is  a  colourless 
oil  which  boils  at  220-5°  at  734  mm.  pressure 
(Mixhlhiiuser,  A.  207,  239),  at  210'',  and  has  a 
sp.gr.  =  1-108  at  20"  (Brunck,  Z.  1807,  205). 
When  diazotiscd  and  treated  with  ;8-naphtholdi- 
sulphonic  acid  (li-acid),  it  yields  anisol-red  {v. 
Azo-  coLouKiXG  MATTEKs).  A  mixturc  of  orthan- 
isidine  (2  mols.)  and  paraphenylenediamine 
(1  mol.)  is  converted,  on  oxidation  with  potas- 
sium bichromate,  into  a  reddish  colouring  matter 
formerly  employed  under  the  name  saf  rani  sol 
(Kalle  cfe  Co.,  Germ.  pat.  24,2-^9  of  Oct.  27,  1882; 
expired  March  1885). 

Paranisidine,  obtained  from  paranitianisol 
by  reduction  with  tin  and  hydrochloric  acid,  crys- 
tallises in  prisms  which  melt  at  52'^  (Brunck, 
I.e.),  at  55-5"-50-5^  (Lessen.  A.  175, 324),  and  boil 
at  245°-24(;'=  (Salkowski,  B.  7,  1009). 

ANISIDINE  PONCEAU  v.  Azo-  coloubing 

MATTEUS. 


ANISOCHILUS  CARNOSUS.  An  Indian 
])lant  belonging  to  the  Labiato:' containing  a  vola- 
tile oil.    Used  in  quinsy  (Cooley,  1). 

ANISOL  Anisc'il ;  mctluiJphcnvl  ether 
C,,H,.0.CH3. 

Preparation.— kmaol  can  be  obtained  by  dis- 
tilling anisic  acid  or  o-methoxybenzoic  acid  with 
baryta,  or  by  heating  potassium  pdienate  with 
methyl  iodide  at  120°  (Cahours,  A.  Ch.  [3]  2, 
274;  10,353;  27,439).  It  is  prepared  by  pass- 
ing a  current  of  methyl  chloride  over  diy 
sodium  phenate  heated  at  190-200°  (Vincent, 
Bl.,  40,  100). 

Properties. — It  is  a  colourless  ethereal  liquid, 
■which  boils  at  155-155-5°  at  702-3  mm.  (Scliitf, 
A.,  220,  105)  and  has  a  sp.gr.  =  0-991  at  15°. 

ANISOL  RED  i\  Azo-  coloui:ing  m.wtees. 

ANISOMELES  MALABARICA.  A  much  es- 
teemed Indian  plant  belonging  to  the  Labiatie  ; 
an  infusion  of  the  leaves  is  used  in  intermittent 
fevers,  and  the  essential  oil  is  applied  externally 
in  rheumatism  (Cooley,  1). 

ANKCOL,  AKOLA,  DHERA  BARK.  The 
root  bark  of  Alangium  Lainarckii,  one  of  the 
Cornacea},  used  in  leprosy  and  skin  diseases 
(Uymock,  I'h.  [3]  9,  1017). 

ANNAITO,  ARNAITO,  ARNOITO,  or  AN- 
NOITO.  {Uocou  or  nmcoa,  Fr.  ;  Orleans,  (ier.) 
A  colouring  matter  derived  from  the  fruit  cap- 
sules of  the  Bi.ra  Oretlana,  an  evergreen  plant 
growing  in  the  East  and  West  Indies,  and  more 
especially  in  South  America,  where  it  is  principally 
prepared.  Two  kinds  are  imported  :  Spanish 
annatto  made  in  Brazil,  and  the  flag  or  French, 
prepared  mostly  in  Cayenne,  which  has  rather  a 
putrid  smell. 

The  fruit  capsules  contain  a  large  number  of 
seeds  embedded  in  a  pulpy  reddish-coloured 
fruit  tlesh,  similar  to  that  suirjunding  the  seeds 
of  the  ripe  tomato.  Three  methods  are  adopted 
to  obtain  the  colouring  matters.  The  first  is  to 
rub  or  wash  off  the  colouring  matter  with  water, 
allow  it  to  subside,  and  exijose  it  to  sjionta- 
neous  evaporation  till  it  acquires  a  pasty  con- 
sistence ;  the  second  is  to  bruise  the  seeds,  mix 
them  with  water  and  allow  them  to  ferment  until 
all  the  colouring  matter  is  removed  from  them  ; 
the  third  is  to  boil  the  seeds  with  water  till  a 
thick  paste  is  obtained,  but  the  resulting 
p)roduct  is  not  so  good  as  in  the  former  pro- 
cesses. 

The  decoction  of  annatto  in  water  has  a  strong 
peculiar  odour  and  a  disagreeable  taste.  Itscolour 
is  yellowish-red,  and  it  is  slightly  turbid.  In 
alkaline  solution  its  orange-yellow  is  clearer  and 
more  agreeable  to  the  eye.  If  annatto  is  boiled 
in  water  with  an  alkali,  it  dissolves  much  better 
than  if  alone,  and  tlie  liquid  has  an  orange  hue. 
Acids  precipitate  the  annatto  as  an  orange- 
coloured  precipitate. 

To  prepare  an  annatto  dye-bath  the  annatto 
is  cut  up  into  small  pieces  and  boiled  for  some 
seconds  in  a  copper  with  its  own  weight  of  pearl 
ash,  provided  the  shade  required  does  not  want 
lees  alkali.  The  fabric  may  be  dyed  in  this  bath, 
either  by  these  ingredients  alone,  or  by  adding 
others  to  modify  the  colour. 

The  colour,  however,  is  so  fugitive  that  its 
employment  is  restricted. 

An  annatto  solution  is  also  used  to  dye  cheeso 
and  butter. 
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Lawson  (P.  J.  [3]  16,  645)  gives  ten  analyses 
of  various  annattos,  the  amount  of  colouring 
matter  varying  from  1  to  12  p.c.  A  sample  of 
a  good  annatto  analysed  by  Wynter  Blyth  con- 
tained colouring  resin  28'8,  ash  22'5,  extractive 
matter  24-5,  water  24-2. 

Annatto  contains  a  yellow  crystalline 
colouring  matter  bixin  C,5H,^„0.^ which  on  treat- 
ment with  alkalis,  in  contact  with  the  air, 
absorbs  oxygen  and  ijasses  into  bixc'in. 

ANNEALING  or  NEALIIIG  (le  remit,  Fr. ; 
das  Aiilasscn,  Gev.).  A  process  by  which  glass 
is  rendered  less  fragile ;  and  metals  which  have 
become  brittle,  either  in  consequence  of  fusion 
or  long-continued  hammering,  are  again  rendered 
malleable.  When  a  glass  vessel  is  allowed  to 
cool  immediately  after  being  made,  it  will,  if  a 
small  splinter  of  flint  or  an  angular  fragment 
of  quartz  is  dropped  gently  into  it,  fly  to  pieces 
with  great  violence,  sometimes  immediately, 
sometimes  after  a  few  minutes.  This  extreme 
fragility  is  jsrevented  by  annealing,  or  placing 
the  vessels  in  a  hot  oven,  where  they  are  allowed 
to  cool  slowly,  the  process  lasting  several  hours, 
or  even  days. 

Similar  phenomena  are  exhibited  in  a  higher 
degree  by  glass-tears,  or  Prince  Rupert's  drops, 
produced  by  letting  drojjs  of  melted  glass  fall  into 
cold  water.  Their  form  I'esembles  that  of  a  pear, 
rounded  at  one  extremity  and  tapering  to  a  very 
slender  tail  at  the  other.  If  a  part  of  the  tail  be 
broken  off  the  whole  drop  flies  to  pieces  with  a 
slight  explosion  ;  and  yet  the  tail  of  a  drop  may 
be  cut  away  by  a  glass-cutter's  wheel,  or  the  thick 
end  may  be  struck  smartly  with  a  hammer,  with- 
out inducing  disintegration.  When  heated  to 
redness,  and  permitted  to  cool  gradually,  they 
lose  these  peculiarities,  and  do  not  differ  sen- 
sibly from  common  glass.  The  peculiar  brittle- 
ness  of  unannealed  glass  is,  by  many  manufac- 
turers, referred  to  the  following  conditions.  The 
exterior  surface  of  the  glass  cooling  more  quickly 
than  the  layers  of  glass  beneath,  the  two  por- 
tions of  glass  are  supposed  to  be  in  different 
states  of  tension  ;  as  it  is  technically  expressed, 
a  stretched  skin  of  glass  is  formed  ;  and  as  this 
film  differs  in  the  arrangement  of  its  particles  from 
those  parts  which  have  cooled  more  slowly,  there 
is  a  constant  tendency  to  fracture,  the  slightest 
scratch  upon  this  skin  disturbing  the  entire 
molecular  arrangement.  If  any  mass  of  glass  or 
of  metal  cools  rapidly,  there  will  be,  according  to 
the  thickness  of  the  mass,  a  greater  or  less 
difference  between  the  arrangement  of  the  con- 
stituent particles  on  the  outer  and  inner  portions. 
The  process  of  annealing  secures  an  equal 
arrangement  throughout  the  mass. 

When  metals  have  been  extended  to  a  certain 
degree  under  the  hammer,  they  become  brittle 
and  incapable  of  being  further  extended  without 
cracking.  In  this  case  the  workman  restores 
their  malleability,  sometimes  by  annealing,  or,  in 
other  cases,  by  heating  them  to  redness  and  allow- 
ing them  to  cool  slowly.  The  rationale  of  this 
process  seems  to  be,  that  the  hammering  and  ex- 
tension of  the  metal  destroys  the  kind  of  arrange- 
ment which  the  particles  of  the  metal  had 
previous  to  the  hammering,  and  that  the  anneal- 
ing, by  softening  the  metal,  enables  it  to  recover 
its  original  structure.  U. 

ANNOTTO  V.  A.N.NAITO. 


ANONA  MURICAT&.  A  decoction  of  tho 
root  is  used  as  an  antidote  for  fish-poisoning, 
and  the  bark  serves  as  an  astringent.  The 
leaves  are  useful  in  softening  abscesses,  and  from 
the  seeds  a  wine  can  be  prejmred  which  is  said 
to  be  beneficial  in  cases  of  diarrhoea  (C.  Z.,  10, 
433  ;  S.  C.  I.,  5,  332). 

ANTHEMOL  v.  Camphors. 

ANTHOKIREIN.  The  yellow  crystalline 
matter  of  the  flowers  of  the  yellow  toadflax 
{Linaria  vulgaris).  Formerly  used  as  a  dyeing 
material,  but  the  colour  is  not  permanent. 

ANTHOKYAN.  The  expressed  juice  of  the 
sweet  or  purple  violet  (Viola  odorota),  gently 
heated  to  89"C.,  then  skimmed,  cooled,  and  fil- 
tered. A  little  rectified  spirit  is  then  added, 
and  the  following  day  the  whole  is  again  filtered. 
Used  to  make  syrup  of  violets,  and  to  colour  and 
flavour  liqueurs  (Coolev,  1). 

ANTHRACENE  C„H,„.  Discovered  by  Dumas 
and  Laurent  in  the  highest  boiling  portion  of 
coal-tar,  and  termed  by  them  ]]aranaphtlialcna 
(A.  5,  10) ;  further  examined  by  Laurent, 
who  re-named  it  anthracene  (A.  34,  287) ; 
first  obtained  pure  and  its  composition  de- 
termined by  Fritzsche  (A.  109,  249),  and  more 
exactly  studied  by  Anderson  (A.  122,  294;  C.  J. 
15,  44). 

Occurrence. — Anthracene  is  one  of  the  pro- 
ducts of  the  destructive  distillation  of  coal,  and 
is  found  in  the  tar ;  the  average  yield  of  the 
pure  hydrocarbon  is  about  0-3  per  cent,  of  the 
tar  obtained. 

A  new  source  of  anthracene  has  been  an- 
nounced (D.  P.  J.  246,  429)  in  the  tar  obtained 
when  the  residue,  left  after  the  illuminating 
oils  have  been  distilled  from  Baku  petroleum,  is 
allowed  to  fall  on  pumice  in  red-hot  iron  retorts. 
1,000  kilos  of  naphtha  residue  under  these  con- 
ditions yield  500  cm.  of  gas,  used  to  heat  the 
retorts,  and  300  kilos  of  tar,  containing  about 
0'2  per  cent,  of  pure  anthracene.  The  supply 
of  the  naphtha-residue  is,  however,  too  limited 
to  render  anthracene  from  this  source  a  serious 
competitor  with  that  from  coal  tar. 

According  to  Elliott  (Am.  6,  248),  the  tar 
obtained  in  the  manufacture  of  gas  by  the  de- 
structive distillation  of  light  petroleum  naphtha 
boiling  below  15u°  contains  2'63-2'yO  p.c.  of 
anthracene.  A  remarkable  production  of  an- 
thracene during  the  distillation  of  the  higher 
boiling  portions  of  crude  phenol  has  been  ob- 
served by  Kohler  (B.  18,  859). 

Preparation  (Auerbach,  Das  Anthracen  und 
seine  Derivate  ;  Kopp,  J.  1878,  1187;  Perkin, 
Journ.  Soc.  Arts,  27,  572).—  Anthracene  is  ob- 
tained from  the  '  green  grease  '  which  forms  the 
last  portion  of  the  'heavy  oil'  or  '  dead  oil '  of 
the  tar  distiller;  this  at  first  is  a  brown  liquid 
with  a  green  fluorescence,  but  soon  becomes 
semi-solid  on  standing  owing  to  the  separation 
of  solid  substances.  When  no  further  separa- 
tion occurs,  the  mass  is  subjected  to  filtration, 
either  in  a  centrifugal  machine  or  a  filter  press, 
first  in  the  cold  and  finally  at  40°  (Gessert, 
D.  P.  J.  196,  543),  or  is  filtered  through  strong 
linen  bags,  and  afterwards  subinitted  to  hydraulic 
pressure  in  a  press  so  arranged  that  the  plates  can 
be  heated  with  steam  and  tbe  cake  hot-pressed. 
A  notable  quantity  of  anthracene  remains  dis- 
solved in  the  expressed  oil,  and  especially  ia 
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the  portions  separated  when  the  temperature  is 
raised,  and  is  recovered  by  redistilling  and 
working  up  the  product  as  just  described.  The 
hard  yellowish-green  cake  obtained,  containing 
25-40  per  cent,  of  pure  anthracene,  is  ground  to 
a  tine  powder  in  mills  and  heated  with  coal  tar 
naphtha  (b.p.  S0°-100°),  or  petroleum  spirit 
(b  p.  70°-100°),  in  large  iron  vessels  provided 
with  stirrers.  Petroleum  spirit  is  to  be  pre- 
ferred (Perkin)  since  it  dissolves  less  anthra- 
cene, whilst  the  impurities  are  sutticiently 
soluble  in  it  to  be  removed  if  the  quantity  of 
solvent  employed  is  2-3  tnnes  as  great  as  that 
of  the  anthracene  to  be  purified.  The  residue 
contains  from  45-50  per  cent,  of  the  hydro- 
carbon, but  inasmuch  as  it  is  not  readily  reduced 
to  powder,  and  unless  finely  divided  is  only  slowly 
attacked  by  oxidising  agents,  it  is  sublimed  by 
passing  steam,  heated  at  220°-  240°,  over  the 
melted  product,  and  condensing  the  vapours  in 
a  chamber  by  jets  of  water.  The  anthracene 
thus  obtained  is  in  leafy  masses,  containing 
from  50-(i0  per  cent,  of  the  hydrocarbon,  the 
chief  impurities  consisting  of  carbazole  (10-12 
p.c),  phenarthrene,  pyrene,  chrysene,  and  other 
hydrocarbons,  together  with  small  quantities  of 
phenols  of  high  boiling-point  and  of  acridine ; 
it  can  readily  be  ground  to  a  paste,  and  is  now 
sufficiently  pure  for  conversion  into  anthra- 
quinone  by  oxidation.  If,  however,  dichloran- 
thracene  is  required,  further  purification  is  ne- 
cessary ;  this  can  be  effected  by  distillation  with 
caustic  potash,  whereby  imiiurities  such  as 
carbazole  and  bodies  of  a  phenolic  character  are 
retained,  and  anthracene,  together  with  phenan- 
threne,  distils  over  with  no  greater  loss  than 
occurs  if  the  60  p.c.  product  is  distilled  alone  ; 
caustic  soda  cannot  be  substituted  for  the 
potash,  since  it  produces  no  purification  of  any 
consecjuence.  Instead  of  distilling  washed  an- 
thracene (100  parts)  with  caustic  potash,  Perkin 
employs  a  mixture  of  Montreal  potash  (30  parts), 
which  usually  contains  potassium  hydroxide  in 
considerable  quantities,  and  caustic  lime  (C parts). 
Unless  lime  is  used  the  residue  in  the  retorts 
forms  a  hard  cake,  which  can  be  removed  only 
with  difficulty.  Hydrogen  is  evolved  during  the 
ilist  illation.  The  distillate  is  freed  from  phen- 
antlirene  by  washing  with  coal-tar  naphtha,  and 
the  residue  is  a  very  pure  anthracene.  This 
production  of  phenanthrene,  even  from  anthra- 
cene which  has  been  freed  from  this  impurity  by 
extraction  with  solvents  previous  to  distillation 
with  caustic  potash,  is  noteworthy  and  points  to 
the  probable  existence  of  molecular  compounds 
of  phenanthrene  with  other  of  the  imijurities  of 
the  washed  anthracene,  which  arc  destroyed 
during  the  distillation  with  caustic  potash.  This 
process  of  Perkin  has  been  subjected  to  con- 
siderable criticism.  According  to  Auerbach,  a 
loss  of  anthracene  to  the  extent  of  10  p.c.  occurs, 
and  this,  added  to  the  cost  of  fuel  employed, 
renders  it  the  most  costly  method  of  purification 
yet  devised.  The  great  advantage  of  the  method, 
liowevcr,  is  that  it  brings  anthracenes  of  dilTi  .-.  nt 
origins  to  a  similar  condition  of  purity;  even 
pitch  anthracene — obtained  by  the  distillation  of 
gas-tar  pitch  in  iron  retorts  with  the  aid  of  super- 
lieatcd  steam,  and  generally  unsuitable  for  puri- 
lication  owing  to  the  difficulty  of  removing  higher 
hydrocarbons   associated  with  it — works  per- 


fectly well  after  it  lias  been  subjected  to  this 
process. 

An  important  modification  in  the  method  of 
purifying  crude  anthracene,  based  on  the  far 
greater  solubility  of  the  impurities  in  mixtures 
of  aniliiie,  pyridine,  or  quinoline  bases,  has  been 
patented  by  the  Chemische Fabriks-Actiengescll- 
schaft  in  Hamburg  (G.  P.  42,053  of  April  15, 
1887).  The  crude  anthracene  is  dissolved  at 
100''  in  1^-2  times  its  weight  of  a  dehydrated 
and  rectified  mixture  of  tar  bases  (pyridines) 
separated  from  the  light  oil  obtained  in  tar  dis- 
tillation (compare  G.  P.  34,947  and  30,372),  and 
the  solution,  on  cooling,  yields  a  crystalline 
separation  of  anthracene  almost  free  from  carb- 
azole and  its  homologues.  The  patentees  state 
that  a  33  p  c.  anthracene  dissolved  in  1-75  times 
its  weight  of  pyridine  bases  yields  on  crystallisa- 
tion an  82  5  p.c.  anthracene,  whilst  when  dis- 
solved in  twice  its  weight  of  a  mixture  of  eijual 
parts  of  pyridine  bases  and  benzene,  it  yields  an 
80  p.c.  anthracene,  and  in  twice  its  weight  of  a 
mixture  of  eqttal  parts  of  benzene  and  aniline  a 
75  p.c.  anthracene.  The  recovery  of  the  an- 
thracene contained  in  the  mother  liquors  oliers 
no  special  diliiculty. 

Pemy  and  Erhart  (G.  P.  3S,4L7  of  Jan.  19, 
188(5)  have  proposed  ci'ystallisation  from  oleic 
acid  as  a  means  of  purilication  of  crude  anthra- 
cene. The  difficulty  of  recovering  the  anthracene 
contained  in  the  mother  liquors  would  seem, 
however,  to  deprive  this  method  of  technical 
importance. 

Graham  (C.  N.  33,  99,  ItiS)  has  devised  a 
method  for  recovering  anthracene  from  the 
filtered  oils  used  in  its  purification. 

A  troublesome  impurity  in  anthracene  is  a 
peculiar  paraffin,  which  has  a  high  melting- 
point,  and  is  only  sparingly  soluble  either  in 
light  petroleum  or  coal-tar  naphtha;  it  is  dis- 
solved to  a  certain  extent  by  these  solvents  when 
hot,  but  on  cooling  is  almost  entirely  deposited 
again.  A  small  quantity  left  in  the  anthracene 
frequently  imjjedes  succeeding  operations,  and, 
owing  to  its  stability,  passes  through  most  of 
the  processes  withouti  change. 

Syntheses,  from  orthotolylketone,  by  heating 
with  zinc  -  dust  (Behr  and  Van  Dorp,  li.  7, 
17) ;  from  orthobenzylbromide  by  the  action  of 
sodium  (Jackson  and  White,  B.  12,  19G5) ;  and 
from  a  mixture  of  benzene,  acetylene  tetra- 
bromide,  and  aluminium  chloride  (Anschiitz, 
A.  235,  150). 

Profciiics. — Anthracene  crystallises  in  glis- 
tening white  scales,  which  melt  at  213°,  and 
boil  at  a  few  degrees  above  300°  (Crafts,  J.  1878, 
07).  When  pure  it  shows  a  bluish-violet  fluor- 
escence, but  this  is  concealed  if  small  quantities 
of  yellow  impurities  (Fritzsche's  chrysogen)  are 
present.  Yellow-coloured  anthracene,  on  ex- 
posure to  sunlight,  is  bleached,  and  becomes 
fluorescent,  but  under  these  conditions  the  hydro- 
carbon undergoes  conveision  into  paranthracene 
—  a  peculiar  modification,  which  is  much  less 
soluble  than  anthracene,  is  unattacked  by  brom- 
ine and  nitric  acid  at  100°,  and  does  not  com- 
bine w'ith  picric  acid;  it  melts  at  214°,  and  is 
thereby  converted  into  ordinary  anthracene 
(Fritzsche,  J.  pr.  101,  333  ;  Graebe  and  Lieber- 
mann,  A.  Supplb.  7,  204  ;  Schmidt,  J.  pr.  [2]  9. 
248).    The  fluorescence  of  anthracene  aud  ccr- 
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tain  of  its  derivatives  has  been  rofcrrecl  by  Lio- 
bermann  to  a  particular  molecular  grouping 
(B.  13,  913).  The  solubility  of  anthracene  in 
100  parts  of  various  solvents  has  been  deter- 
mined by  Versmann  (J.  1874,  423),  Perldn  (Journ. 
Boc.  Arts,  27,  598),  and  v.  Becchi  (B.  12,  1978), 
with  the  following  results  : — 

Parts  of  anthracene 
Alcohol  (absolute)  at  16°  dissolves  0-076  (B.). 

b.p.       „       0-830  (B.). 
„  sp.gr.  =  0-SOO  at  15°        „       0-591  (V.). 
„  =0-825     „  „       0-574  (V,). 

„   =0-830     „  „       0491  (V.). 

„   =0-835     „  „       0-475  (V.). 

„   =0-810     „  „  0-4G0(V.). 

„   =0-850     „  „       0-423  (V.). 

Ether  .       .       .    „  „       1-175  (V.). 

Chloroform  .       .    „  „       1-736  (V.). 

Carbon  bisulphide     „  „       1-478  (V.). 

Acetic  acid  .       .    „  „       0-414  (V.). 

Light  petroleum  .    „  „       0-394  (V.). 

.  b.p.70°  10J° 
at  15°  dissolves  0-115  (P.). 
■  Benzene      .      .    „  „       l-Oiil  (V.). 

„    b.p.80°-100°  „  „       0-976  (P.). 

Toluene       .       .  at  10-5°    „       0-920  (B.). 

.at  b.p.  „  12-940  (B.). 
When  introduced  into  an  alcoholic  solution 
of  picric  acid  saturated  at  30°-40°,  anthracene 
forms  a  picrate  Cj^H,,,,  C  H,,(N0,)30,  crystaUising 
in  glistening  red  needles  which  melt  at  138°  ;  it 
is  decomposed  into  its  constituents  by  alcohol, 
water,  and  dilute  alkalis,  even  in  the  cold.  On 
oxidation  with  potassium  dichromate  or  man- 
ganese dioxide  and  sulphuric  acid,  anthracene 
is  converted  into  anthraquinone,  whilst  strong 
nitric  acid  oxidises  it  to  anthraquinone  and 
dinitroanthraquinone;  nitro-  derivatives  of  an- 
thracene can,  however,  be  prepared  by  the  action 
of  strong  nitric  acid  on  the  hydrocarbon  if  care 
is  taken  to  decompose  any  nitrous  acid  which 
rnay  be  formed  during  tbe  reaction  (Perkin, 
C.  S.  Proc.  1889,  13).  Concentrated  sulphuric 
acid  converts  anthracene  into  two  isomeric 
disulphonic  acids,  and  these  on  oxidation  yield 
two  anthraquinonodisulphonie  acids,  which  are 
isomeric  with  the  two  acids  obtained  by  the 
direct  sulphonation  of  anthraquinone.  Anthra- 
cene is  readily  attacked  by  chlorine  and  bromine, 
and  yields  with  each  element  a  series  of  additive 
and  substitution  derivatives ;  additivecompounds, 
apparently,  are  the  first  products  of  the  astion, 
and  these  either  decompose  during  the  reaction 
or  can  be  decomposed  by  boiling  with  alcoholic 
potash  into  the  corresponding  substitution  de- 
rivatives, which  also  form  additive  compounds 
by  the  further  action  of  the  halogens.  Eeducing 
agents,  such  as  sodium  amalgam  or  phosphorus 
and  hydrogen  io:lide,  convert  anthracene  into 
the  d  hydride  (Graebe  and  Liebermann,  I.e. ; 
Liebermann  and  Topf,  A.  212,  5). 

Esti}itatioii.-~Lijiak  (B.  6,  1347) ;  Meister, 
Lucius,  and  Briining,  D.  P.  J.  224,  559) ;  Nicol 
(C.  J.  1876,  2,  553).  The  percentage  of  an- 
thracene in  a  sample  of  the  commercial  pro- 
duct is  determined  by  oxidising  it  to  anthra- 
quinone with  chromic  acid,  dissolving  the  pro- 
duct in  sulphuric  acid,  and  precipitating  with 
water,  since  tire  associated  impurities  are  either 
destroyed  during  the  oxidation  or  are  converted 
into  sulphouic  acids  soluble  in  water.  The 


details  of  the  process  are  as  follows :  1  gram 
of  anthracene  is  introduced  with  45  c.c.  of 
acetic  acid  into  a  fiask  connected  with  a  reversed 
condenser,  and  heated  to  boiling ;  a  solution  of 
15  grams  of  chromic  acid  in  10  c.c.  of  acetic 
acid  and  10  c.c.  of  water  is  then  added,  drop  by 
drop,  to  the  boiling  solution  during  a  period  of 
two  hours ;  and  the  product  is  boiled  for  two 
hours  longer,  allowed  to  stand  for  twelve  hours, 
then  poured  into  400  c.c.  of  water,  and,  after 
standing  for  three  hours  longer,  is  filtered.  The 
anthraquinone  on  the  filter  is  washed  with 
water,  with  hot  dilute  alkali,  and  then  with  hot 
w-ater ;  afterwards  it  is  placed  in  a  small  dish, 
dried  at  100°,  and  digested  for  ten  minutes  with 
10  times  its  weight  of  fuming  sulphuric  acid  at 
100°.  The  solution  of  anthraquinone  in  sul- 
phuric acid  is  then  allowed  to  remain  for  twelve 
hours  in  a  moist  atmosphere,  mixed  with  200  c.o. 
of  water,  and  the  precipitated  anthraquinone 
filtered  off  and  washed  first  with  wator,  then 
with  dilute  alkali,  and  finally  with  water  ;  it  is 
then  dried  at  100°  in  a  dish,  weighed,  ignited, 
and  the  ash  deducted  from  the  first  weighing. 
Tbe  difference  gives  the  weight  of  anthraquinone 
corresponding  to  the  amount  of  anthracene 
present  in  the  sample. 

AWTHEACENE  GREEN.    Ccernlnn  v.  Au- 

ZAEIN  AXD  ALLIED  COLOUKING  MA'rTERS. 

ANTHRACENE  RED  v.  Alizarin  akd  allied 

COLODEING  MATTEES. 

ANTHRACENE  VIOLET.  Gallcmv.  Ai^xxum 

AUD  ALLIED  COLODEING  M.Vri'EES. 

ANTHRACITE  v.  Fuel. 
ANTHRACOXENE  v.  Eesins. 
ANTHRAFLAVIC  ACID  v.  Aliz.vein  and 

ALLIED  COLOUEING  MATTERS. 

ANTHRAGALLOL  v.  Aliz.arin  and  allied 

COLOURING  M.VTTERS. 

ANTHRAPURPURIN  v.  Alizarin  and  allied 

COLOURING  MATTERS. 

ANTHRAQUINONE  v.  Alizaein  and  alliee 

COLOUEING  MATTEES. 

ANTHRAQUINONE  RED  v.  Alizarin  and 

allied  colouring  MATTEES. 

ANTHRARUFIN.    1:4  Dio.rT/anthraqiiinonc 

V.  AlIZ.ARIN  and  allied  colouring  MATTERS. 

ANTHBOL  C,  |H,„0  or  C, H,(C.,H,)G  H,OH 
is  obtained  by  fusing  anthracene-sulphonic  acid 
with  caustic  soda.  White  crystalline  substance, 
insoluble  in  ammonia,  sohible  in  caustic  potash, 
giving  a  yellow  solution  with  green  fiuores- 
cence.  Its  alcoholic  solution  shows  a  violet 
fluorescence.  With  oil  of  vitriol  it  gives  a 
yellow  solution  which  becomes  blue  on  heating 
(Liebermann  a.  Hormann,  B.  12,  589 ;  L.  a. 
Hagen,  B.  15,  1427  ;  L.  a.  Bollert,  B.  15,  226  ; 
A.  212,  26,  49). 

ANTIAR  RESIN  or  UPAS  ANTIAR.  A 
green  resin  which  exudes  from  the  upas  tree 
{Aniiaris  toxicaria,  order  Urticacea').  Liglit 
petroleum  and  benzene  extract  from  it  a  sub- 
stance analogous  to  caoutchouc,  a  fatty  matter, 
and  two  resinous  substances ;  alcohol  extracts 
from  the  residue  a  very  jjoisonous  glucoside, 
antiarin  (De  Vry  a.  Ludwig,  J.  pr.  103,  253). 

ANTIARIN  V.  Glucosides. 

ANTI-CHLOR.  Linen  and  cotton  fibre 
and  paper  pulp  are  apt  to  retain  some  free 
chlorine  from  the  hypochlorite  used  in  bleaching, 
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and  as  this  causes  the  material  to  rot  slowly,  the 
manufacturers  use  certain  reagents  known  as 
'  anti-chlors '  to  remove  the  last  traces  of 
chlorine.  The  first  substances  employed  were 
the  neutral  and  acid  sulphites  of  soda  (sodium 
sulphite  and  bisulx^hite) ;  these  were  superseded 
in  1853  by  sodium  hyi30sulphite,  which  is  now 
very  largely  employed.  Calcium  sulphide,  made 
by  boiling  milk  of  lime  with  sulphur  ;  stannous 
chloride  in  hydrochloric  acid  with  subsequent 
treatment  with  sodium  carbonate  to  neutralise 
any  free  acid ;  ammonia,  and  sodium  nitrite 
have  also  boon  recommended. 

ANTICOK.KOSIVE  COMPOSITIONS  AND 
METHODS.  The  surfaces  of  the  various  metals 
such  as  iron,  zinc,  brass,  &c.,  which  have  to  be 
protected  from  corrosion,  are  treated  in  very 
dilferent  ways,  thus  brass  is  generally  coated 
with  lacquer  and  zinc  with  tar,  black  varnish, 
or  common  ijaint ;  on  the  other  hand,  iron  and 
steel  surfaces  require  a  special  treatment  and  it  is 
to  this  that  attention  will  be  given  in  this  article. 

There  are  three  conditions  to  which  these 
surfaces  are  exposed.  First,  simple  exposure  to 
the  atmosphere ;  second,  exposure  to  cold,  fresh, 
or  salt  water;  and  third,  exposure  to  hot  salt 
water. 

Iron  used  under  the  first  conditions  can  be 
protected  by  three  methods,  each  of  which  has 
its  advantages.  First,  painting  or  varnishing. 
Second,  '  galvanising,'  that  is,  coating  with  zinc 
by  immersing  the  iron  after  cleaning  by  treat- 
ment with  acid  and  scouring  in  a  bath  of  molten 
zinc ;  and  lastly,  by  the  Bower-Barff  i^rocess, 
which  consists  in  exposing  the  iron  at  a  dull  red 
heat  to  the  action  of  steam,  when  a  thin  adherent 
coating  of  magnetic  oxide  of  iron  is  formed  over 
the  metal.  This  coating  seems  to  withstand 
atmospheric  influences  very  well  indeed. 

When  required  to  witlistand  the  action  of 
cold  water,  the  iron  may  be  prepared  by  the 
process  invented  by  the  late  Dr.  E.  Angus  Smith, 
and  which  is  in  almost  universal  use  for  water- 
pipes,  viz.,  coating  the  surface  of  the  iron  with 
hot  tar ;  but  when  we  come  to  the  protection  of 
iron  from  the  action  of  cold  salt  water,  the  coat- 
ing must  be  very  frequently  renewed  or  sjjecial 
methods  must  be  employed. 

In  the  case  of  piers  below  water  frequent 
recoating  is  impossible,  and  recourse  must  be  had 
to  galvanic  methods  to  i^reserve  the  metal  from 
corrosion.  The  simplest  and  most  efficacious 
way  is  to  bring  into  contact  with  the  iron  a 
piece  of  a  more  easily  oxidisable  metal  like 
zinc,  so  tliat  the  same  liquid  may  act  upon 
both  and  generate  a  gentle  galvanic  current.  As 
long  as  the  electro-positive  metal  lasts,  the  iron 
is  perfectly  preserved. 

A  series  of  experiments  conducted  with  the 
object  of  testing  the  preservation  of  iron  by  this 
method  seemed  to  show  that  when  the  zinc 
becomes  coated  (as  is  the  case  in  sea-water), 
with  oxychloride,  its  power  of  preservative 
action  ceases,  but  further  experiments  have  de- 
monstrated that  this  negative  result  was  owing 
to  the  zinc  having  only  been  in  mechanical 
touch  with  the  iron,  and  not  connected  with  it  by 
soldering.  It  appears  that  when  zinc  and  iron 
are  bolted  together  the  zinc  becomes  most 
actively  attacked  near  the  point  of  contact,  and  as 
the  molecular  volume  of  the  oxychloride  formed 
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is  greater  than  that  of  the  zinc,  the  salt  formed 
acts  as  a  wedge  and  forces  the  iron  and  zinc 
asunder,  thus  breaking  their  electrical  contact, 
so  that  the  protective  action  of  the  zinc  soon 
ceases.  Soldering  obviates  this,  and  thorough 
protective  action  is  maintained  till  all  the  zinc 
is  consumed. 

In  the  case  of  hot  sea-water,  the  method 
above  sketched  is  the  only  real  anticorrosive 
process  known  to  be  successful.  One  further 
precaution,  however,  requires  to  be  taken.  The 
zinc  requires  to  be  rendered  thoroughly  malle- 
able, because  cast  zinc  rapidly  crumbles  away 
in  boiling  sea-water.  It  seems  that  the  oxy- 
chloride formed  penetrates  between  the  faces  of 
the  crystals  in  the  mass  of  the  cast  zinc  and 
acting  like  wedges  splits  the  whole  mass  into 
fragments. 

In  an  apparatus  called  the  '  Electrogen,'  for 
apjDlying  these  principles  to  marine  boilers,  the 
zinc  is  cast  as  a  sphere  on  a  copper  conductor, 
thus  giving  a  considerable  mass  of  metal  so  as 
to  last  some  months  without  renewal.  The  zinc 
is  then  rendered  malleable,  and  the  conductor 
is  soldered  to  the  boiler.  The  whole  internal 
shell  of  the  boiler  thus  becomes  the  negative 
plate  of  a  battery,  so  that  as  long  as  the  zinc 
lasts  no  corrosion  takes  pilace.  In  cases  where 
the  boiler  has  a  steel  shell  and  malleable  iron 
tubes,  the  latter  are  often  corroded  through  in  a 
few  weeks,  as  they  act  as  a  positive  metal  to  the 
steel,  but  when  the  '  electrogen  '  is  attached  to 
them  the  same  tubes  show  no  deterioration  after 
five  years. 

Batteries  outside  the  boiler  have  been  tried 
in  which  the  negative  pole  is  soldered  to  the  out- 
side of  the  boiler  and  the  x^ositive  pole  passed  in- 
sulated through  a  stufting-box  into  the  water  in 
the  interior,  but  boiling  salt  water  is  too  good  a 
conductor,  and  the  current  takes  the  shortest 
circuit  from  the  i^ositive  pole  to  the  boiler,  and 
all  more  distant  parts  of  the  boiler  corrode,  as 
though  no  battery  were  used.  Only  by  making 
the  boiler  one  element  in  a  galvanic  couple  can 
complete  protection  be  secured.  J.  L.  H. 

ANTI-FEBEI N .  A  trade  name  f or  a c  e  t  a n  i  1- 
ide  or  phenylacetamide  C,.HjNHC0.CH3. 
Discovered  by  Gerhardt  in  1853,  and  investi- 
gated as  an  antijDyreiic  by  Kussmaul  in  1886 
{v.  Acetaniliiie). 

ANTI-FOULING  COMPOSITIONS.  The  at- 
tachment of  marine  organisms  to  the  bottoms  of 
ships  has  always  been  a  source  of  trouble  and 
expense  to  shipowners.  When  the  growths  be- 
come luxuriant,  not  only  is  the  speed  of  the 
vessel  very  much  diminished,  but,  in  a  sailing- 
ship,  much  more  lee-way  is  made.  In  ordinary 
trading  steamships  having  a  speed  of  eleven 
knots  per  hour  it  is  quite  common  to  have  the 
speed  reduced  to  seven-and-a-half  to  eight  knots 
by  the  adhesion  of  seaweed  and  shell-fish.  Con- 
sidering that  fuel  is  being  consumed  at  the  usual 
rate,  and  that  wages,  interest  on  capital,  deprecia- 
tion, and  general  expenses  are  running  on,  if  will 
be  seen  what  a  serious  loss  a  foul  ship  entails. 

In  the  case  of  wooden  ships,  not  only  do 
they  foul,  but  the  wood  is  rapidly  destroyed  by 
boring  worms,  so  that  it  becomes  necessary  to  pro- 
tect the  wood  by  sheathing  the  ship  with  copper. 
This  prevents  in  great  part  the  adhesion  of 
cither  plants  or  shell-fish,  but  more  especially 
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the  former.  The  writer  has  in  his  possession 
oysters  which  grew  on  the  copper  of  a  ship  at 
anchor,  and  which  had  attained  the  diameter 
of  over  two  inclies  and  seemed  quite  healthy, 
although  the  shell  adhering  to  the  copper,  as  well 
as  the  part  of  the  mollusc  touching  that  shell, 
were  very  dark  green.  The  dark  green  colour 
was  not  caused  by  copper,  as  not  a  trace  could 
be  found  on  analysis,  but  seemed  to  be  due  to 
some  physiological  change  in  the  substance  of 
the  shell-fish  itself. 

That  the  anti-fouling  effect  is  due,  however, 
to  the  solution  of  the  copper  is  amply  proved  by 
the  experiments  of  Davy  and  others.  Davy  tried 
to  economise  the  consumption  of  the  copper  on 
the  ship's  bottoms  by  attaching  a  more  positive 
metal,  such  as  zinc  or  iron,  to  the  metal  sheath- 
ing, so  that,  by  forming  a  galvanic  couijle,  no 
copper  would  dissolve  so  long  as  the  zinc  or 
iron  lasted,  the  copper  being  maintained  in  an 
electro-negative  state.  This  was  followed  by  the 
fouling  of  the  ship,  and  Davy  modified  his  jjlan 
by  attaching  only  a  few  small  pieces  of  iron  to 
the  copper,  so  that  a  certain  amount  of  solution 
would  take  place,  sufficient  to  prevent  fouling, 
yet  not  sufficient  to  cause  the  rapid  solution 
of  the  copper  which  was  the  usual  case.  The 
plan  was  not  very  successful,  as  it  was  most  diffi- 
cult to  balance  the  destructive  and  jareservative 
actions — a  difficulty  which  constitutes  the  great 
obstacle  towards  obtaining  uniformly  good  results 
in  the  anti-fouling  compositions  on  iron  ships  at 
the  present  time.  The  introduction  of  Muntz's 
metal  gave  a  material  which,  while  more  in- 
soluble than  copper,  yet  dissolved  sufficiently  to 
prevent  fouling,  and  which  was  at  the  same  time 
cheaper. 

With  the  introduction  of  iron  into  ship- 
building came  an  entirely  new  problem.  Copper 
was  quite  inadmissible,  as  it  would  cause  the 
rapid  destruction  of  the  iron  wherever  it  became 
accidentally  exposed  to  the  water. 

The  class  of  anti-fouling  compositions  at  first 
introduced  for  iron  ships,  and  which  are  still 
much  used,  were  what  may  be  called  '  mecha- 
nical '  anti-fouling  compounds.  Pirst  amongst 
them  comes  a  mixture  of  white  oxide  of  zinc 
and  tallow,  which  acts  chiefly  by  failing  to 
give  the  barnacles  or  seaweed  proper  foothold. 
When  a  ship  which  has  been  coated  with  such 
a  composition  is  periodically  examined,  it  will 
be  seen  that,  after  being  in  the  water  a  short 
time,  minute  barnacles  and  very  short  sea-grass 
may  grow  upon  it;  but  whenever  these  become 
of  a  size  to  offer  an  appreciable  resistance  to 
motion  through  the  water,  they  slide  off  the  soft 
grease  to  which  they  have  attached  themselves. 
The  ship  is  generally  first  coated  with  some 
common  oil  paint,  such  as  a  mixture  of  white 
and  red  lead  in  oil,  and  the  mixture  of  '  zinc  and 
tallow  '  laid  on  hot  over  it.  The  latter  is  gene- 
rally prepared  by  stirring  wliite  oxide  of  zinc 
which  has  been  ground  in  oil  into  melted  tallow, 
and  colouring  with  some  red  pigment,  generally 
oxide  of  iron,  till  a  warm  pink  colour  is  attained. 
The  '  zinc  and  tallow '  paint  is  still  in  much 
favour  for  coating  iron  sailing-ships. 

Many  other  '  mechanical  '  anti-fouling  com- 
positions have  been  invented  and  applied  with 
more  or  less  success.  For  instance,  '  rosin 
grease  '  (a  compound  made  by  treating  the  dis- 


tillate of  common  rosin  with  milk  of  lime)  is 
thinned  with  coal-tar  oil,  and  additional  rosin 
added,  and,  in  some  cases,  creosote  and  colouring 
matters,  including  Scheele's  green.  Such  mix- 
tures form  a  thick,  dark-green  grease,  which  is 
applied  hot,  and  is  sometimes  very  efiicacious. 
All  compositions  based  on  rosin  grease  have  this 
great  drawback,  however,  that  after  being  in  the 
water  several  months  they  become  transformed 
from  a  grease  to  a  light-coloured  porous  powder, 
which  allows  of  free  ingress  of  the  sea-water, 
and,  if  the  preparatory  painting  has  not  been 
very  good,  very  rapid  corrosion  takes  place. 

And  here  may  be  mentioned  one  of  the  most 
difficult  poults  in  connection  with  the  coating  of 
ships.  The  iron  is  invariably  rough,  often  pitted 
and  honeycombed  deeply,  and  the  surface 
covered  with  a  fine  slune  of  young  sea-grass.  In 
our  damp  climate,  especially  in  the  six  months 
of  winter,  the  bottom  after  being  scraped  remains 
wet,  and  any  paint  applied  goes  on  to  a  wet,  and 
often,  a  very  dirty  surface.  Hence  oil  paints  are 
not  very  successful,  exce^jt  when  used  in  summer, 
or  exceptionally  warm  dry  weather,  and  even 
spirit  paints  may  have  to  be  applied  in  circum- 
stances so  very  adverse  that  they  come  off  and 
leave  the  shijD  bare  in  a  few  months. 

With  modern  steam  vessels  the  use  of  any  of 
these  mechanical  anti-fouling  agencies  is  en- 
tirely out  of  the  question,  as  the  velocity  of  the 
ship  through  the  water  causes  it  to  rub  all  the 
greasy  paint  oif.  It  became,  therefore,  necessary 
to  devise  some  chemical  anti-fouhng  substance 
which  would  by  its  poisonous  nature  isrevent  the 
adhesion  of  marine  life  to  the  shi^j.  Copper,  of 
course,  at  once  suggested  itself,  and  compounds 
of  copi^er  were  freely  tried,  but  seemed  to  give 
the  most  divergent  results.  The  reason  is  not 
far  to  seek.  The  copper  had  to  be  kept  entirely 
clear  of  the  iron,  because  of  the  great  danger  of 
corrosion  by  electrical  action,  and  yet  to  be  of  any 
use  the  copper  must  be  allowed  to  dissolve.  When 
the  copper,  either  as  a  compound,  or  as  spongy 
copper  deposited  on  zinc,  which  is  used  in  some 
patents,  is  made  up  in  a  good  varnish  like  copal 
and  ajiplied,  to  a  ship,  the  result  is  that  the 
barnacles  grow  quite  as  luxuriantly  as  on  wood, 
because  the  copper  is  safely  sealed  up  and  cannot 
be  dissolved  by  the  sea-water.  The  same  result 
may  be  seen  by  varnishing  a  portion  of  the 
copper  on  the  bottom  of  a  shii),  when  vegetation 
and  shellfish  take  root  at  once.  The  problem, 
therefore,  is  to  get  the  chemical  anti-fouling 
substance  made  up  in  such  a  medium  as  wiU  not 
seal  it  up,  but  allow  of  its  gradual  solution  in 
the  sea-water  so  as  to  poison  the  marine  growths. 
With  copper  this  is  dangerous,  as  on  solution  it 
is  electrically  deposited  on  any  accessible 
parts  of  the  iron  in  the  neighbourhood,  thus 
causing  rapid  corrosion. 

There  is  no  doubt  that  could  a  composition 
be  prepared  which  would  contain  sufficient  car- 
bolic acid  to  be  slowly  given  out  during  a  year, 
and  which  would  prevent  its  immediate  solution, 
a  very  perfect  anti-fouling  coating  would  be 
obtained,  as  all  experiments  have  demonstrated 
its  efficacy.  But  as  yet  all  phenol  mixtures 
yield  up  their  soluble  constituents  to  the  sea- 
water  in  a  few  weeks,  and  the  vessel  fouls 
rapidly  after  the  supply  of  carbolic  acid  has 
become  exhausted. 
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Many  poisons,  wliieh,  like  arsenic,  are  very 
eflicacious  against  terrestrial  life,  are  not  at  all 
successful  as  auti-fouling  agents.  We  have,  as 
an  instance,  the  failure  of  arseuite  of  copper  to 
maintain  a  clean  ship.  But  the  most  effective 
antiseptic  known,  viz.  mercuric  chloride,  is 
found  also  to  be  the  most  active  anti-foul  ing 
agent  as  yet  discovered.  Being  a  readily  soluble 
salt  it  cannot  be  directly  ajiplied  iu  a  paint. 
Some  insoluble  compound  of  mercury  must  be 
introduced  into  the  paint  which  will  yield 
mercury  chloride  by  contact  with  sea-water. 
The  substance  which  lends  itself  most  readily  to 
this  reaction  is  mercuric  oxide,  and  this  com- 
pound is  preferred  in  most  good  anti-fouling 
compositions. 

The  ditliculty  in  obtaining  uniform  success, 
even  with  this  agent,  lies  entirely  in  the  nature 
of  the  medium  in  which  it  is  applied.  As  the 
oxide  is  a  basic  body  it  combines  with  many  of 
the  gums  used  in  making  varnishes,  and  forms 
a  substance  too  slightly  soluble  in  sea-water  to 
be  of  much  use  in  preventing  marine  growth. 
Then,  again,  good  varnishes  must  be  avoided,  as 
they  hermetically  seal  up)  the  oxide,  and  so  pre- 
vent solution. 

A  simple  shellac  varnish  in  methylated 
spirit,  with  a  certain  proportion  of  common 
rosin  and  crude  turpentine,  or  Stockholm  tar, 
added  so  as  to  render  the  varnish  so  soft  that  its 
surface  is  slightly  eroded  by  the  action  of  the 
sea-water,  forms  a  very  suitable  medium  for  the 
application  of  the  mercuric  oxide  to  the  bottom 
of  a  ship.  Or,  if  spirit  of  turpentine  be  pire- 
ferred  as  a  solvent,  then  a  varnish  of  gum 
dammar  and  pale  resin  forms  a  very  suitable 
medium.  The  writer  has  made  a  long  series  of 
experiments,  extending  from  187i  till  the  present 
time,  and  where  mercuric  oxide  is  used  these 
two  types  of  varnishes  have  given  the  best  re- 
sults. During  this  series  of  experiments  it  was 
found  that  if  mercury  in  the  metallic  state  was 
diffused  through  a  paint  in  a  very  fine  state  of 
division,  a  much  more  trustworthy  result  could 
be  obtained,  as  the  metallic  mercury  dissolved  so 
very  slowly  that  a  moderate  quantity  would  last 
with  good  anti-fouling  effect  for  a  period  of 
fifteen  months.  But  the  great  difficulty  lay  in 
getting  the  finely-divided  mercury  to  remain 
diffused  through  the  liquid  medium.  It  invariably 
settled  to  the  bottom  of  the  vessel,  and  the 
minute  particles  coalesced  into  large  liquid 
globules  of  no  use  in  j^ainting.  The  following 
expedient  was  then  hit  upon.  A  mixture  was  made 
up  containing  very  finely  divided  metallic  zinc 
(obtained  by  distilling  zinc  into  a  chamber  from 
which  oxygen  has  been  expelled  and  allowing 
the  fumes  to  settle  like  flowers  of  sulphur)  and 
oxide  of  mercury,  together  with  the  requisite 
liigments  to  form  a  coloured  paint.  This  was 
made  up  in  a  very  soft  varnish,  principally  com- 
posed of  resin  and  naphtha,  and  applied  to  the 
ship.  The  metallic  zinc  exerted  a  very  efficient 
anti-corrosive  action  by  rendering  the  iron  nega- 
tive, but  it  played  another  part.  As  soon  as  the 
mercuric  oxide  became  soluble  it  electrolytically 
coated  each  little  particle  of  exposed  zinc  with 
mercury,  and  as  the  zinc  corroded  away  under 
the  action  of  sca-wator,  finely  powdered  metallic 
mercury  was  left  imbedded  in  the  surface  of  the 
paint.    The  soft  nature  of  the  varnish  caused 


the  surface  to  be  constantly  renewed,  so  that 
there  was  a  regular  supply  of  the  anti-fouling 
substance.  This  has  been  found  to  be  the  most 
efficient  anti-fouling  composition  as  yet  intro- 
duced, and  has  been  approved  of  by  the  Admiralty 
for  use  in  the  Navy. 

The  conditions  under  which  ships  are  painted, 
wet  rough  surfaces  in  winter  and  dry  surfaces 
in  summer,  render  it  difficult  to  ensure  uniform 
success  with  the  same  composition.  In  winter 
it  dries  too  slowly,  in  summer  too  quickly,  the 
former  rendering  it  too  soft  when  put  in  the 
water,  the  latter  too  hard.  To  obtain  perfect 
results  recourse  would  need  to  be  had  to  com- 
positions varied  to  suit  the  conditions,  but  of 
course  in  commercial  p)ractice  this  is  almost  im- 
possible. J.  B.  H. 

ANTI-FOULING  PAINTS.  Pickering  and 
Saale  have  patented  (Eng.  Pat.  10,457,  1884) 
a  composition  composed  of  barium  carbonate, 
barium  arsenite,  powdered  oyster  shells,  zinc 
oxide,  red  lead,  quadroxalate  of  potash,  and 
mercuric  oxide  or  sugar  of  lead.  These  in- 
gredijnts  are  ground  together  in  the  dry  state 
and  afterwards  incorporated  in  a  mixture  of 
shellac  dissolved  in  methylated  spirits,  and 
rosin,  boiled  linseed  oil,  turpentine,  and  spirits 
of  tar  (S.  C.  I.  3,  G44). 

Layden  and  McLean  (Eng.  Pat.  4,796,  1884) 
make  a  composition  containing  gold  bronze 
powder  1  jjart,  gum  catechu  5  parts,  teak  varnish 
7  parts,  Schweinfurt  or  Vienna  green  3  parts, 
yellow  rosin,  15  parts,  bcnzolene  30  parts,  Stock- 
holm tar  5  parts,  black  varnish  G  parts,  Prus- 
sian blue  3  parts,  colouring  matter  37  parts 
(S.  C.  I.  4,  289). 

Gisborne's  composition  (Eng.  Pat.  312,  1885) 
contains  mercury  10  lbs.,  litharge  9  lbs.,  blende, 
white  or  red  lead  or  other  like  materials  14  lbs. 
chalk  15  lbs.,  and  boiled  oil  (S.  C.  I.  5,  102). 

Denniston's  patent  (Eng.  Pat.  4,415,  1885) 
is  for  a  mixture  of  10  parts  paraffin  scale,  7  parts 
white  lead,  or  other  paint,  6  parts  bronze  green, 
1  part  light  green,  2  parts  rosin,  2  parts  of 
arsenic,  or  cyanide  or  oxide  of  mercury. 

Pointon  (Eng.  Pat.  13,  159,  1886)  claims  a 
paint  or  mixture  of  ground  glass,  pulverised 
slag  or  sand,  linseed  oil  and  crude  turp)entine  in 
sijirits  of  turjpentine  (S.  C.  I.  5,  540). 

These  paints  are  principally  to  be  used  for 
the  bottoms  of  ships. 

ANTI-INCRUSTATOES.  This  term  is  applied 
to  various  substances  and  mixtures  used  to  prevent 
the  deposition  of  scale  in  steam  boilers.  Nivet 
(.1.  Fab.  Sue.  1882  ;  S.  C.  I.  1,  438)  shows  that 
theconditious  to  befuMlledby  an  anti-incrustator 
are  (1)  projections  other  than  the  roughness  of 
the  sides  of  the  boiler  on  which  the  insoluble 
salts  may  crystallise  must  be  offered  ;  (2)  the 
quantity  used  must  not  be  so  large  as  to  mate- 
rially increase  the  solid  constituents  and  so 
raise  the  density  of  the  water  ;  (3)  it  must  not 
be  acid  and  (4)  it  must  act  both  chemically  and 
mechanically. 

A  great  variety  of  substances  have  been 
patented  as  scale  preventives,  but  Macadam 
(S.  0. 1.  2, 12)  divides  them  into  four  divisions :  (1) 
saline,  (2)  fats  and  oils,  (3)  parafline  and  paralline 
products,  (4)  other  organic  substances.  The  most 
I  common  ingredient  in  the  saline  anti-incrus- 
tators  is  soda  ash  or  the  purer  soda  crystals ; 
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eulpbites,  he  states,  seem  to  work  well  in  boilers 
■wbere  sea-water  is  used ;  barium  chloride  he 
considers  an  undesirable  constituent,  as  the 
barium  sulphate  formed  sinlis  to  the  bottom  of 
the  boiler  and  adds  to  the  scale.  Tallows  and 
oils,  too,  are  objectionable,  as  they  undergo  de- 
composition, and  the  fatty  acids  attack  the 
fittings  of  the  boilers.  Paratlin  oil,  free  from 
paratiin  scale,  is  very  useful,  but  its  action 
is  purely  mechanical.  Peat,  moss,  and  potatoes 
have  also  been  found  to  act  well.  Substances 
containing  tannin  are  used  in  several  scale 
preventives,  but  as  they  are  generally  sold  in  a 
dry  state  they  should  be  well  soaked  in  water 
before  being  introduced  into  the  boiler,  other- 
wise they  are  liable  to  be  carried  over  by  the 
steam  and  give  much  annoyance  by  choking  the 
pipes  and  valves.  They  are  objectionable  also 
in  works  where  steam  is  to  be  blown  into  tanks 
for  heating  purposes,  as  in  ilax  or  hemp  boiling, 
as  the  tannin  carried  over  may  cause  stains.  Zinc 
seems  to  be  a  good  anti-incrustator  for  sea-water. 

Details  of  the  compositions  of  various  auti- 
incrustators  may  be  found  in  S.  C.  I.  1,  177, 
219,  311,  338,  348,  487;  2,  12;  3,  101,  368, 
434  ;  4,  105,  198,  484  ;  5,  94,  454  ;  C.  S.  [2]  46, 
1,087  ;  and  W.J.  22,  839;  29,  1,030. 

ANTIMONITE.  Native  antimony  sulphide 
V.  Antimony. 

ANTIMONY.  Antivioinc,Fi\;  A7iti7non,Ger. 
Stibium.  Symbol,  Sb.  At.  wt.  119"6  (Berzelius, 
Schneider,  Cooke,  Eose,  Weber) ;  121-8  (Dumas, 
Dexter,  Kessler). 

Occurrence. — Antimony  occurs  native  in 
small  quantities,  occasionally  in  rliombohedral 
crystals,  at  Andreasberg  in  the  Hartz,  Przibram 
in  Bohemia,  Sala  in  Sweden,  Allemont  in  France, 
in  the  United  States,  New  South  Wales,  and 
Quebec.  It  occurs  in  large  masses  in  Sarawak, 
Borneo. 

Combined  -with  oxygen  as  the  sesquioxide 
Sb.^Oj,  it  occurs  in  antimony  bloom,  white  anti- 
mony, or  valcntinitc,  and  in  sonarmontite,  being 
found  in  workable  quantities  in  the  Algerian 
province  of  Constantine.  In  antimony  ocJtre 
or  cervantite,  and  in  stibiconite  and  volgerite  it 
occurs  as  antimonite  of  antimony  Sbj04. 

Combined  with  sulphur  it  occurs  as  siiSwife, 
antimonite,  or  grey  antimony  ore  Sb,_,S;,.  In 
union  with  sulphur  and  oxygen  together  it 
forms  red  antimony,  antimony  blende  or  ker- 
inesite  SbASSb.Sj. 

Some  antimony  sulphides  have  recently  been 
discovered  which  contain  from  1-5  to  2'5  oz.  of 
gold  to  the  ton,  but  notwithstanding  many  pro- 
posed and  patented  processes,  none  is  known  by 
which  the  gold  can  be  extracted  profitably  on  a 
commercial  scale. 

With  arsenic,  antimony  is  found  in  allc- 
montite  or  arsenical  antimony.  With  silver 
in  discrasite. 

With  sulphur  and  metals,  antimony  forms  a 
number  of  szilphantivionites,  among  which  may 
be  mentioned  zinkenite,jamesonde,  boulangerite, 
and  feather  ore,  containing  antimony,  sulphur, 
and  lead  ;  miargyrite,  pyrargyrite,  and  stephan- 
ite,  containing  silver;  berthierite,  containing 
iron,  and  antimonial  copper  glance.  Antimony 
is  found  in  certain  ferruginous  waters. 

Antimony  ores  occur  in  workable  quantities 
ia  Mexico,  California,  North  America,  Canada, 


Australia,  Japan,  Borneo,  Cape  of  Good  Hope, 
New  Zealand,  Asia  Minor,  Algiers,  Italy,  Spain, 
Portugal,  Corsica,  and  Sardinia.  Deposits  of 
antimony  sulphide  have  been  discovered  in 
Cornwall,  Cumberland,  and  Scotland. 

The  veins  in  which  antimony  sulphide  is 
found  are  usually  from  4  to  6  inches  in  width, 
the  ore  being  so  mixed  with  gangue  that  it  can 
only  be  separated  by  the  costly  processes  of  wash- 
ing or  hand-picking,  or  by  liquation.  It  is  occa- 
sionally found  in  'pockets,'  in  which  case  it  is 
usually  of  great  purity. 

By  far  the  most  general  ore  of  antimony  is 
the  sulphide,  but  in  some  cases,  as  in  Algeria, 
the  oxide  is  found  in  workable  quantities,  and  in 
other  cases  both  oxide  and  sulphide  occur  to- 
gether. 

Extraction. — Metallic  antimony  is  generally 
jirepared  from  the  native  sulphide  which  occurs 
in  a  gangue  of  gneiss,  porphyry,  or  other  of  the 
older  rocks.  From  the  gangue,  the  sulphide 
may  be  separated  by  a  process  of  liqimtion. 
Poor  ores  cannot,  however,  be  treated  in  this 
manner  as  the  liquated  residues  contain  from  10 
to  25  p.c.  of  antimony. 

The  following  method  of  liquation  was 
formerly  used  where  fuel  is  plentiful,  as  at 
Malbosc,  in  the  Department  of  Ard^che,  Wolfs- 
berg  in  the  Hartz,  and  in  Hungary.  The  ore  was 
placed  in  small  lumps  in  a  number  of  conical 
pots  of  45  kilos,  capacity,  each  perforated  below 
and  standing  on  a  perforated  plate  over  a  sunken 
receiver.  The  pots  were  surrounded  by  fuel 
which  continued  to  burn  for  10  hours,  the 
melted  sulphide  collecting  in  the  receivers. 

At  La  Lincouln,  Wolfsberg  and  Haute  Loire 
the  pots  were  contained  in  a  reverberatory  fur- 
nace. At  Schmollnitz,  in  Hungary,  the  melted 
suljjhide  ran  through  channels  iato  receivers 
outside  the  furnace. 

At  Malbosc  the  jDots  are  replaced  by  cylin- 
drical tubes,  perforated  below  and  standing  on 
similarly  perforated  plates  above  the  receivers. 
Each  cylinder  has  a  capacity  of  500  lbs.  of  ore, 
four  being  heated  in  one  furnace.  Each  has  a 
hole  at  the  side,  through  which  the  residues  are 
removed,  these  holes  being  closed  during  the 
heating.  The  receivers  are  of  clay,  or  of  iron 
coated  with  clay. 

Very  poor  or  waste  ores  are  sometunes 
liquated  in  the  open  hearth  of  a  furnace  without 
the  use  of  pots  or  cylinders.  The  hearth  is  in- 
clined, and  has  in  one  place  a  dejoression  in 
which  the  product  is  received.  The  hearth  is 
best  made  of  one  solid  piece  of  soft  weathered 
granite,  but  this  is  frequently  replaced  by  an 
iron  trough  coated  with  well-pressed  fireclay, 
standing  free  in  the  furnace  and  resting  upon 
three  iron  wheels,  which  run  on  iron  rails  let  into 
the  brickwork,  or  it  may  be  made  simply  of  fire- 
brick. 

Too  great  a  heat  should  in  all  cases  be 
avoided,  antimony  sulphide  being  volatile  at  a 
white  heat.  The  liquated  sulphide  is  known  in 
the  trade  as  '  crude  antimony,'  and  usually  con- 
tains from  71  to  72  p.c.  of  antimony. 

For  the  reduction  of  the  sulphide  to  metal 
several  processes  have  been  adopted. 

The  sulphide  may  be  mixed  with  half  its 
weight  of  charcoal  to  prevent  caking,  and  roasted 
at  a  gentle  heat,  the  heat  being  gradually  ia- 
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creased,  but  not  to  melting,  whereby  large  quan- 
tities of  sulphurous  acid,  arsenious  oxide,  and 
antimonious  oxide  are  evolved,  the  two  latter 
being  collected  in  flues.  20  p.c.  of  the  antimony 
is  stated  to  pass  olf  in  this  operation,  the  greyish 
or  red  mass  which  remains  consisting  of  an- 
timony tetroxide  containing  about  one-sixth  of 
its  weight  of  the  trioxide  and  some  sulphide. 
This  residue,  known  as  antimony  ash,  is  mixed 
with  0'5  part  of  cream  of  tartar,  or  1  part 
charcoal  and  0'5  part  of  potash,  or  J  part 
charcoal  saturated  with  a  concentrated  solution 
of  sodium  carbonate,  and  fused  in  a  covered 
crucible  at  a  low  red  heat,  and  poured  into  a 
hot  mould.  100  parts  of  sulphide  yield  44  jjarts 
of  antimony.  The  slag  which  rises  above  the 
metal  consists  of  alkaline  carbonate  mixed  with 
double  sul^jhide  of  antimony  and  potassium  or 
sodium  with  charcoal,  and  is  known  as  crocus 
of  antimony.  The  action  of  the  charcoal  in 
this  reduction  consists  in  the  removal  of  the 
oxygen  from  the  antimony  oxide,  producing 
metallic  antimony,  and  in  the  reduction  of  a 
part  of  the  alkah.  The  alkaline  metal  thus  set 
free  combines  with  the  sulphur  of  a  part  of 
the  antimonious  sulphide,  freeing  an  equivalent 
quantity  of  the  antimony  and  forming  a  double 
sulphide  of  antimony  and  potassium  with  a 
further  quantity  of  the  sulphide. 

The  sulphide  may  also  be  reduced  by  fu.sing 
8  parts  of  sulphide  with  6  p)arts  of  cream  of 
tartar  in  a  crucible  heated  nearly  to  redness, 
then  adding  2  or  3  parts  of  potassium  nitrate 
and  fusing  until  perfectly  liquid ;  or  8  parts  of 
sulphide  are  mixed  with  6  parts  of  cream  of 
tartar  and  3  parts  of  nitre,  and  are  thrown  in 
portions  into  a  red-hot  crucible  and  heated  until 
perfectly  fluid.  By  quietly  fusing,  with  frequent 
stirring  to  prevent  frothing,  a  mixture  of  8  parts 
sulphide,  1  part  sodium  carbonate,  and  1  part 
charcoal,  66  p.c.  of  metal  is  said  to  be  obtained 
from  the  sulphide. 

The  antimony  may  also  be  reduced  from  the 
suli^hide  by  fusion  with  iron  scales  or  nails, 
which  form  a  dilBcultly  fusible  iron  sulphide. 
With  rich  ores  iron  in  combining  proportion  is 
used.  When  these  contain  oxide  as  well  as  sul- 
phide, a  mixture  of  scrap  iron  and  carbon  is 
required.  To  poor  ores  a  considerable  quantity 
of  sodium  carbonate  must  be  added  to  render  the 
slag  sutMciently  fusible  to  permit  separation  of 
the  metal.  Liebig  has  recommended  the  addi- 
tion of  dry  sodium  sulphate  to  the  mixture  of 
iron  and  carbon. 

Antimony  prepared  by  these  processes  may 
contain  sulphur,  potassium,  sodium,  arsenic, lead, 
iron  (especially  when  reduced  by  iron),  and  copper. 

The  annual  consumption  of  antimony  through- 
out the  world  is  probably  under  3,000  tons. 
Kearly  the  whole  of  this  is  smelted  and  re- 
fined in  England  by  a  crucible  process  in  which 
iron  is  the  reducing  agent.  The  ores  received 
in  England  vary  considerably  in  richness. 

On  account  of  the  great  volatility  of  antimony 
and  consequent  waste  in  smelting  no  process  has 
yet  been  devised  for  profitably  working  antimony 
ores  containing  less  than  25  p.c.  of  antimony ;  in 
fact  it  is  not  found  profitable  to  smelt  ores  con- 
taining much  less  than  50  p.c. ;  a  good  rich 
quality  of  ore  (sulphide)  contains  from  65  p.c.  to 
68  p.c.  of  antimony. 


Two  forms  of  furnace  are  adopted.  Where 
gas  or  other  coke  is  near  and  cheajj,  the  'pot 
hole '  furnace  is  used.  This  consists  of  a  long 
row  or  nest  of  single  '  pot  holes  '  heated  with 
coke,  each  crucible  having  its  own  pot  hole  or 
furnace.  Two  sets  are  usually  built  back  to 
back,  with  a  long  flue  running  full  length  down 
the  centre.  Two  workmen  take  charge  of  8  or 
10  pot  holes. 

Where  a  good  hot  flaming  coal  is  cheaply 
attainable  a  form  of  flue  furnace  is  ^jreferred, 
which  may  be  built  a  little  below  ground  or 
raised  above  ground.  The  crucibles  being  placed 
a  little  apart,  the  furnace  is  fired  and  the  flame 
is  made  to  play  in,  and  around,  and  be- 
tween the  crucibles.  When  the  furnace  is  built 
below  ground  the  crucibles  are  '  lifted '  by  the 
workmen  from  the  top,  but  when  raised  above 
ground  they  are  removed  with  round  tougs  from 
the  side  of  the  furnace. 

The  ore,  of  which  the  composition  has  been 
determined  by  analysis,  is  subjected  to  three 
operations : — 

Singling.  About  40  lbs.  of  the  sulphide  in 
jjieces  half  the  size  of  an  egg  is  introduced  with 
a  quantity  of  the  slag  loroduced  in  '  doubling ' 
{v.  infra)  into  a  red-hot  plumbago  crucible. 
Above  this  is  placed  a  quantity  of  old  iron  and 
tinplate,  beaten  into  a  conical  form ;  with  ore 
containing  50  to  55  p.c.  of  antimony,  20  lbs.  of 
this  would  be  used.  When  the  charge  has  melted, 
the  iron  is  pressed  into  the  mass,  reducing  it, 
setting  free  metallic  antimony  and  forming  a 
slag  of  iron  sulphide.  The  crucible  is  emptied, 
and  after  cooling,  the  antimony  is  removed  from 
below  the  slag.  The  slag  of  iron  which  was 
formerly  a  waste  product  is  now  used  as  a  cheap 
source  of  sulphuretted  hydrogen  for  the  preci- 
pitation of  arsenic  from  sulphuric  acid  made 
from  Spanish  pyrites. 

Doubling.  The  buttons  or  '  singles '  from 
the  first  melting  are  sorted  so  that  those  which 
contain  an  excess  of  sulphur  may  be  melted  with 
those  containing  an  excess  of  iron  ;  70  or  80  lbs. 
of  these,  together  with  2  lbs.  of  salt  cake  and  a 
small  quantity  of '  star  metal '  slag,  are  melted  in  a 
crucible  for  1  to  1^  hours  and  poured  into  a  cast- 
iron  bowl  with  the  formation  of  '  bowl  metal.' 

Refining,  frenching,  or  melting  for  '■star 
metal.''  About  60  or  70  lbs.  of  '  bowl  metal,' 
with  a  pound  or  two  of  American  p>otashes,  and 
about  10  lbs.  of  the  star  metal  slag  broken 
into  small  fragments,  are  placed  in  a  red-hot 
crucible  and  stirred  with  an  iron  rod,  the  work- 
man judging  from  the  slag  adhering  to  the  rod 
when  the  refining  is  completed ;  less  than  one 
hour  is  usually  required. 

When  refined,  the  metal  is  poured  into 
moulds,  carefully  covered  with  slag  and  left  un- 
disturbed to  allow  of  the  formation  of  the  cry  tal- 
line  structure.  The  refined  star  metal  still  con- 
tains arsenic  and  sulphur. 

The  refining  of  the  metal  first  run  from  the 
ore  is  an  operation  requiring  practical  skill 
and  technical  knowledge,  as  the  buyer  demands 
a  very  high  degree  of  purity  in  the  metal. 

Unlike  many  other  metals,  antimony  carries 
on  its  face  its  own  character  for  purity.  When 
'  pure  '  a  beautiful  fern  leaf  or  '  star  '  appears 
j  upon  its  surface,  and  according  to  the  length 
1  and  foim  of  this  '  star  '  on  the  ingot  its  quality 
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is  deteimined.  The  presence  of  a  relatively 
small  percentage  of  impurities  in  the  metal  will 
prevent  it  from  '  starring.'  It  is  this  peculiar 
characteristic  of  pure  antimony  to  crystallise  on 
the  ingot  in  the  fern  leaf  or  star  form  when 
cooUng  which  originates  the  trade  term  of  '  star 
antimony  '  for  good  quality  of  antimony. 

The  suli^hide  may  also  be  reduced  on  the 
hearth  of  the  furnace  already  described.  The 
partly  roasted  ore,  which  contains  the  sulphide 
and  oxides  of  antimony,  is  mixed  and  fused  with 
8  to  13  p.o.  coal  and  9  to  11  p.c.  of  soda,  fre- 
quently with  the  addition  of  iron,  in  which  case 
the  slag  produced  is  much  less  fusible  and  does 
not  entirely  cover  the  bath  of  metal ;  the  anti- 
mony produced  also  contains  much  iron  (D.  P.  J. 
1G2,  419).  Where  carbonate  of  soda  is  used  for 
the  fusion  the  mass  froths  considerably  and 
attacks  the  furnace  hearth. 

The  following  analyses  show  the  composition 
of  crude  antimony,  I.  and  II.  being  metal  made 
with  scrap  iron,  the  arsenic  and  gold  being  due 
to  admixed  pyrites ;  III.  and  IV.  metal  from 
roasted  ore  smelted  in  a  blast  furnace  (D.  P.  J. 
1883,  250,  123  ;  E.  Helmhacker,  Berg.  u.  Hiitt. 
Zeit.  1883,  191). 


I. 

II. 

III. 

IV. 

Antimony 

.  94-6 

84-0 

97-2 

95-0 

Iron  . 

.  3-0 

10-0 

2-5 

4-0 

Sulphur 

2-0 

5-0 

0-2 

0-75 

Arsenic 

0-25 

1-0 

0-1 

0-25 

Gold  . 

traces 

At  the  newly  erected  works  at  Banya,  Hungary, 
the  ore  principally  worked  is  the  sulphide,  con- 
taining about  50  p.c.  antimony ;  a  small  quantity 
of  the  native  oxide  is  also  worked.  The  re- 
sidues from  the  liquation  of  the  ore  contain 
from  21  to  25  p.c.  of  antimony ;  they  are  roasted 
on  a  bed  of  wood  in  a  kiln  for  6  or  7  weeks, 
and  then  smelted  in  a  blast  furnace  with  20  p.o. 
coke  or  charcoal  (■;;.  Balling,  Chem.  Zeit.  9, 
1,825  and  10,  1,198-1,199).  By  fusing  on  the 
small  scale  in  a  wind  furnace  6  kilos,  liquation 
residues  containing  about  14  p.c.  antimony  with 
3  kilos,  puddling  slag,  2  kilos,  soda  and  25  kilos, 
wood  charcoal,  C.  A.  Hering  has  produced  0-56 
kilos  of  clean  metalhc  antimony  (D.  P.  J.  230, 
253^263). 

Methods  of  treating  antimony  ores  have  also 
been  proposed  by  which  the  antimony  is  converted 
into  the  volatile  chloride,  as  in  Lyte's  process  of 
roasting  the  ore  with  salt.  The  ore  may  also 
be  subjected  to  the  action  of  hydrochloric  acid 
gas  in  a  reverberatory  or  muffle  furnace,  the 
volatilised  chloride  being  condensed  in  a  solution 
of  hydrochloric  acid  (D.  P.  J.  250,  79-88,  and 
123-133). 

Purification. — Metallic  antimony  may  be 
freed  from  sulphur,  arsenic,  copper,  and  iron 
(when  not  present  in  too  great  quantity),  but 
not  from  lead,  by  fusing  16  parts  of  the  coarsely 
powdered  metal  with  1  part  sulphide  of  antimony 
(more  being  used  when  iron  is  present  in  greater 
excess)  and  2  parts  dry  carbonate  of  soda,  for  one 
hour.  T]ie  metal  produced  is  again  fused  with  1^ 
parts  of  carbonate  for  one  hour,  and  fused  a 
third  time  with  1  part  carbonate.  16  parts  of  im- 
pure antimony  thus  produce  about  15  parts  of 
the  pure  metal. 

In  this  process  the  objectionable  metals  (ex- 
cept lead)  in  the  antimony  are  cc^Vtited  into 


sulphides  and  carried  away  into  the  slag,  a  part 
of  the  arsenic  being  also  transformed  into  arsenate 
of  soda.  Care  must  be  taken  to  jarevent  charcoal 
from  entering  the  crucible,  as  the  arsenic  would 
then  be  reduced  and  would  again  render  the 
antimony  impure  (Liebig).  The  antimony  also 
contains  sodium  (Anthon.  Eepert.  59,  240),  which 
may  be  removed  by  digestion  of  the  coarsely  pow- 
dered antimony  in  water  and  subsequent  fusion. 
Unless  sufficient  sulphide  has  been  used  to 
remove  the  whole  of  the  iron  the  antimony  will 
still  contain  arsenic  (A.  29,  58  ;  Handwort.  2te 
Aufl.  II.  45  ;  also  Buchner,  Eepert.  11,  267). 

Dufios  states  that  iron  and  copiser  can  be 
removed  by  fusion  with  ^  part  of  nitre  (Br.  Arch. 
36,  277,  and  38,  158).  BerzeUus  removes 
potassium,  sodium,  arsenic,  and  iron  by  fusion 
with  ^  to  1  part  of  antimonious  oxide. 

According  to  E.  Helmhacker  (Berg.  u.  Hiitt. 
Zeit.  1883, 191,  and  D.  P.  J.  250, 123),  the  follow- 
ing process  has  been  adoioted  for  the  purification 
in  Bohemia  :  A  '  glass  of  antimony  '  is  prepared 
by  fusing  a  mixture  of  the  crystalline  antimony 
oxide  which  collects  on  the  hotter  portions  of 
the  flues  with  sulphide  of  antimony,  until  it  forms 
a  glassy  dark  grey  or  brown  mass  ;  this  is  mixed 
with  the  carbonate  for  the  purification  of  the 
metal,  and  is  occasionally  used  alone  where  the 
metal  is  but  slightly  impure. 

The  bed  of  the  furnace  is  heated  to  a  cherry 
red  and  600  to  700  kilos,  of  crude  antimony  placed 
on  it ;  a  quantity  of  oxide  and  some  arsenic 
escape,  and  in  from  30  to  60  minutes  the  metal 
has  run  down.  From  3  to  7  p.c.  (according  to 
the  purity  of  the  metal)  of  carbonate  of  soda, 
sometioaes  mixed  with  coal  or  coke,  is  then  added. 
The  metal  is  thus  covered  and  fumes  less,  small 
jets  of  flame  apj)earing  occasionally  on  its  sur- 
face ;  the  temperature  is  raised,  the  metal  re- 
maining under  the  slag  for  from  1  to  3  hours 
(determined  by  the  workman),  the  slag  then 
becomes  thick  and  is  removed  by  drawing  it 
through  the  door  with  a  long  handled  flat 
transverse  iron. 

Three  p.c.  of  antimony  sulphide  and  li  p.c. 
of  oxide  are  then  thrown  on  the  surface  of  the 
metal,  and  when  melted,  4J  p.c.  carbonate  of 
potash  or  of  a  mixture  of  carbonate  of  pot- 
ash and  soda,  are  added.  By  this  means  the 
iron  and  last  traces  of  sulphur  are  removed  ;  in 
less  than  15  minutes  the  refining  is  complete 
and  the  critical  operation  of  ladling  is  performed. 
A  cast-iron  hemispherical  ladle  holding  15  to  20 
kilos  is  riveted  to  a  chain  hanging  from  the 
roof  exactly  in  front  of  the  working  door,  before 
which  the  cast-iron  moulds  for  receiving  the 
metal  are  arranged  on  a  stone  table.  The  work- 
man dips  his  ladle  obliquely,  removing  some 
slag  with  the  metal ;  part  of  this  is  first  poured 
into  the  mould  to  prevent  the  metal  from 
actually  touching  the  mould,  and  the  metal  is 
well  covered  with  the  slag  and  left  at  rest. 
Unless  this  be  done  the  '  starring '  will  be  im- 
perfect, and,  as  this  is  considered  a  test  of  purity, 
its  value  will  be  lowered  in  the  market.  The 
slag  may  generally  be  used  again.  The  oxide 
which  condenses  in  the  flues  is  removed  as 
seldom  as  possible,  being,  as  well  as  the  furnace 
work,  very  injurious  to  the  operators. 

The  cost  of  refining  100  kilos,  of  regulus  is 
from  4  to  5  shillings. 
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For  pliarmaceutioal  purposes  it  is  important  ] 
to  prepare  antimony  quite  free  from  arsenic. 
This  may  be  accomplished  by  Wohler's  metliod.  i 
A  mixture  of  4  parts  i^owdered  commercial  anti- 
mony, 5  parts  sodium  nitrate,  and  2  parts  sodium 
carbonate  (to  prevent  the  formation  of  in- 
soluble arsenate  of  antimony)  is  thrown  into 
a  red-hot  crucible.  Combustion  takes  place 
quietly,  the  mass  is  pressed  together  and  more 
strongly  heated  for  half  an  hour,  so  as  to  become 
pasty  without  fusion,  being  pressed  down  as  it 
rises  from  evolution  of  gas.  While  still  hot 
and  soft  it  is  removed,  reduced  to  powder  and 
boiled  with  frequent  stirring  in  water,  the  finer 
powder  is  poured  off  with  the  water,  and  the 
residue  again  treated,  the  washings  being  mixed 
with  that  first  obtained.  The  water,  which  con- 
tains the  whole  of  the  arsenic  but  no  anti- 
mony (Meyer)  is  removed  from  the  insoluble 
portion  by  subsidence,  decantation,  and  filtra- 
tion. The  residue  of  sodium  antimonate  should  be 
wliite,  but  the  presence  of  lead  imparts  a  yellow 
colour.  It  is  dried  and  fused  with  half  its 
weight  of  cream  of  tartar  at  a  moderate  heat, 
cooled,  broken  into  small  lumps,  and  the  potas- 
sium and  sodium  removed  by  digestion  in  water. 
Tlie  powdered  metal  is  then  fused  into  a 
button. 

This  method  may  be  used  quantitatively  for 
the  separation  of  antimony  from  arsenic.  If  the 
sodium  nitrate  be  replaced  by  potassium  nitrate 
a  portion  of  the  antimony  will  enter  into  solu- 
tion with  the  arsenic  as  potassium  antimonate 
{v.  C.  Meyer,  A.  46,  23G;  C.  C.  1,348,  828). 
Arsenic  may  also  be  completely  removed  by 
fusing  the  antimony  in  succession  with  1st, 
potassium  carbonate  ;  2nd,  potassium  nitrate  ; 
3rd,  antimonic  oxide  ;  4th,  potassium  carbonate 
(Th.  Martins,  Kastn.  Arch.  24,  2.53),  or  by  fusing 
three  times  with  fresh  portions  of  sodium  or 
X)otassium  nitrate. 

Duflos  (Kastn.  Arch.  19,  56)  recommends  a 
process  in  which  the  arsenic  is  driven  off  as 
fluoride  by  means  of  sulphuric  acid  and  fluor- 
spar. (See  further  Schw.  42,  .501,  also  Buchner 
and  Herberger,  Eepert.  38,  381,  2,50.) 

Pure  antimony  may  be  obtained  by  heating 
tartar  emetic  to  low  redness  and  digesting  the  ! 
resultant  mass  in  water  to  remove  the  potassium. 
The  i^owder  tlius  obtained  may  then  be  dried 
and  fused  into  a  button. 

Tests  for  imp7iritics  in  antimony. 

Sulphur,  The  powdered  metal  evolves  sul- 
phuretted hydrogen  gas  (which  blackens  lead 
paper)  on  heating  with  strong  hydrochloric  acid. 

Potassium  or  sodium.  The  metal  is  greyish 
and  loses  its  lustre  on  exposure  to  air ;  it  has  an 
alkaline  taste  and  reaction,  and  evolves  hydrogen 
on  immersion  in  water. 

Arsenic.  If  deflagrated  with  \  its  weight 
of  sodium  nitrate,  boiled  with  water  and  filtered, 
the  arsenic  enters  into  solution  leaving  the 
antimony  behind  ;  the  solution  is  saturated  with 
sulphuretted  hydrogen  (if  an  orange  precipitate, 
consisting  of  antimony  sulphide,  falls  this  must 
be  filtered  quickly,  it  is  due  to  the  presence  of 
a  trace  of  antimony  in  the  solution).  The  arsenic 
is  deposited  as  the  lemon  yellow  sulphide  on 
standing. 


Lead  and  copper.  The  metal  is  powdered 
and  treated  with  dilute  nitric  acid,  evaporated 
nearly  to  dryness,  taken  up  with  water  and 
filtered ;  the  addition  of  sulphuric  acid  precipi- 
tates white  lead  sulphate,  and  the  addition  to 
the  filtrate  of  potassium  ferrocyanide  gives  a 
brown  precipitate  in  presence  of  copper. 

If  sulphur  as  well  as  lead  be  present  in  the 
antimony  the  lead  is  converted  at  once  into 
sulphate  by  the  action  of  nitric  acid,  the  residue 
on  evaporation  is  digested  with  yellow  ammonium 
sulphide,  which  dissolves  the  antimonic  oxide 
and  leaves  black  lead  sulphide. 

Iron.  The  powdered  metal  is  ignited  with 
three  parts  nitre  and  washed  with  boiling  water, 
the  residue  is  boiled  with  hot  dilute  hydrochloric 
acid  ;  on  the  addition  of  potassium  ferrocyanide 
a  blue  precipitate  is  produced. 

When  antimony  containing  arsenic  and  iron 
is  heated  on  charcoal  it  gives  a  garlic  odour  and 
becomes  coated  with  oxide  of  iron;  it  ceases  to 
burn  on  removal  of  the  flame  and  yields  a  dull 
surface  and  yellow  oxide  (Liebig).  The  pure 
metal  under  such  circumstances  burns  brilliantly 
and  becomes  coated  on  cooling  with  white 
crystals  of  the  oxide. 

Detection  and  estimation. — When  fused  on 
charcoal  with  potassium  cyanide  or  sodium  car- 
bonate or  a  mixture  of  the  two,  antimonial  com- 
pounds produce  a  brittle  white  bead  of  rnetallic 
antimony  with  white  fumes  and  a  white  incrus- 
tation on  the  charcoal ;  the  bead  leaves  a  white 
residue  on  treatment  with  nitric  acid,  which  is 
soluble  in  cream  of  tartar  or  tartaric  acid. 
Sulphide  of  antimony  melts  readily  in  the  candle 
flame. 

In  valuing  ores  containing  the  sulphide  the 
ore  is  broken  into  pieces  about  ^  to  1  inch 
diameter,  and  from  2,000  to  7,000  grains  of  the 
lumps  (avoiding  dust),  according  to  the  probable 
richness  of  the  ore,  are  selected.  A  Hessian 
crucible  with  a  hole  at  the  bottom  covered  with 
a  piece  of  charcoal,  is  placed  within  another 
crucible  of  such  size  that  the  upper  one  enters 
about  one  inch.  The  ore  mixed  with  charcoal 
of  about  equal  quantity  and  size  is  placed  in  the 
upper  crucible,  covered  with  a  layer  of  charcoal 
and  luted  down.  Heat  is  then  apjolied,  the 
lower  crucible  being  below  the  furnace  bars  and 
surrounded  by  ashes  to  keep  it  cool.  The  heat 
should  be  maintained  at  a  cherry  red,  but  not 
higher,  for  from  1  to  1,^  hours.  On  cooling,  the 
regulus  is  removed  from  the  lower  crucible  and 
weighed.  It  should  be  well  fused,  bluish  grey, 
and  of  bright  fibrous  crystalline  fracture,  the 
residue  in  the  upper  crucible  should  be  examined 
to  see  if  it  is  free  from  visible  sulphide.  As  the 
sulphide  contains  71'76  p.c.  of  antimony,  the 
percentage  of  antimony  in  the  ore  may  be  roughly 
calculated,  but  it  is  preferable  to  treat  it  by  the 
following  process,  which  may  be  used  for  any 
sulphide  or  very  rich  ore. 

From  100  to  300  grains  of  the  powdered 
sulphide  or  ore  is  roasted  at  a  loiu  temperature 
in  a  roasting  dish  (scorifier)  with  constant  stirring, 
especially  at  first,  to  complete  the  oxidation  of 
the  whole  ;  otherwise,  especially  if  the  tempera- 
ture be  too  high,  some  antimony  vapour  will 
escape.  The  resultant  oxide  is  quite  non-volatile. 
The  whole  of  the  grey  or  greyish-^^hite  product 
is  mixed  with  300  to  500  grains  sodium  carbo- 
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nate  and  20  to  50  grains  charcoal  powder,  placed 
in  a  crucible  aud  gradually  heated  to  redness 
(twenty  to  thirty  minutes  being  allowed  for  this), 
and  when  tranquil  poured  into  a  mould,  and  the 
button  of  metal  cleaned  and  weighed.  Instead 
of  carbonate  and  charcoal,  the  ore  may  be  mixed 
with  1  to  3  parts  black  flux  and  ^  part  boras, 
covered  with  a  layer  of  salt,  and  treated  as  above. 
This  method,  with  the  omission  of  the  roasting, 
may  be  used  for  assaying  the  oxides  of  antimony. 

To  obtain  the  exact  percentage  of  antimony 
the  ore  or  metal  is  dissolved  in  strong  hydro- 
chloric acid  containing  a  small  quantity  of  nitric 
acid,  and  the  solution  diluted  with  water.  If  it 
becomes  turbid,  hydrochloric  or  tartaric  acid  is 
added,  and  the  solution  filtered,  saturated  with 
sulphuretted  hydrogen  gas,  boiled  until  the  gas 
ceases  to  be  evolved,  filtered,  and  the  precipitate 
dried.  The  precipitate,  with  the  filter  paper,  is 
placed  in  a  basin  and  covered  with  a  funnel,  and 
fuming  nitric  acid  added,  the  funnel  being 
slightly  raised.  At  first  the  action  is  violent ;  on 
subsiding,  the  mass  is  digested  for  about  twenty 
minutes,  when  the  antimony  will  have  been 
oxidised  to  the  antimonic  anhydride  and  the 
sulphur  to  sulphuric  acid.  If  other  than  fuming 
nitric  acid  be  used,  the  sulphur  is  liable  to  form 
small  globules,  which  are  difficult  to  oxidise. 
The  white  residue  is  evaporated  nearly  to  dryness 
and  washed  on  a  filter  until  free  from  acid,  dried, 
ignited  strongly,  and  weighed  as  the  tetroxide 
SkOj,  which  contains  79'22  p.c.  of  antimony. 

Properties  of  antimo7iy. 

Antimony  is  a  brilliant,  bluish-white,  brittle 
crystalline  metal  of  specific  gravity  6'716  to  6'86. 
It  melts  at  450°C.,  and  boils  at  a  white  heat, 
burning  in  air,  or  slowly  distilling  in  an  atmo- 
sphere of  hydrogen. 

Its  crystalline  structure  may  be  seen  by  melt- 
ing in  a  crucible,  suffering  a  crust  to  form  and 
crystallisation  to  commence  at  the  sides,  and 
pouring  out  the  still  hquid  portion ;  rhombo- 
hedral  crystals  are  thus  obtained.  Pwe  antimony 
crystallises  only  with  difficulty  (Cooke  and 
Matthiessen). 

Antimony  expands  on  solidifying,  and  imparts 
this  property  to  its  alloys.  (Duflos  states  that 
pure  antimony  does  not  expand  on  solidifying.) 
It  is  a  bad  conductor  of  heat  and  electricity.  At 
the  ordinary  temperature  it  is  not  acted  on  by 
the  air,  but  oxidises  quickly  on  melting,  and 
burns  at  a  red  heat,  producing  white  fumes  of 
the  trioxide.  It  is  oxidised  by  nitric  acid  of 
various  strengths,  dilute  acid  producing  princi- 
pally the  trioxide,  and  the  concentrated  acid 
producing  the  pentoxide  (H.  Rose,  Analyt. 
Chem.  1,  258).  Dilute  sulphuric  and  hydro- 
chloric acids  are  without  action  on  it,  but  the 
strong  acids  produce  the  sulphate  and  chloride 
respectively.  When  fused  with  borax  or  other 
vitrifying  material  it  imparts  to  them  a  yellow 
colour. 

Powdered  antimony  ignites  when  thrown  into 
chlorine  or  bromine  vapour,  and  floats  in  liquid 
globules  on  liquid  bromine,  being  converted 
into  the  chloride  and  bromide  respectively  ;  it 
also  combines,  but  less  energetically,  with 
iodine. 

Antimony  is  precipitated  as  a  fine  powder  by 
the  action  of  zinc  ou  an  acid  solution  of  an 


antimony  salt.  In  this  foiin  it  is  sold  as  '  iron 
black  '  for  producing  an  appearance  of  polished 
steel  on  papier  mache,  plaster  of  Paris,  and  zinc 
ornaments. 

Brass  can  be  covered  wdth  a  fine  lustrous 
coating  of  antimony  by  dipping  in  a  hot  mixture 
of  1  part  tartar  emetic,  1  part  tartaric  acid,  3  or 
4  parts  powdered  antimony,  3  or  4  parts  hydro- 
chloric acid,  and  3  parts  water. 

It  may  be  deposited  electrolytically  on  brass 
or  copper  by  using  a  bath  of  the  double  chloride  of 
antimony  and  ammonia  acidulated  with  hydro- 
chloric acid. 

Antimony  occurs  in  two  modifications — (1) 
The  crystalline  or  ordinary  form ;  (2)  The 
amorphous  or  explosive  form.  Both  of  these 
can  be  obtained  by  electrolj'sis.  The  amorphous 
form  is  best  prepared  by  the  action  of  a  weak 
constant  electric  current  on  a  concentrated  acid 
solution  of  antimony  trichloride,  the  strength  of 
current  bearing  a  constant  relation  to  the  surface 
of  deposition,  not  less  than  \  grain  being  de- 
posited per  square  inch  per  hour.  Thus  pro- 
duced it  is  bright  and  steel-like  in  appearance, 
with  an  amorphous  fracture  and  specific  gravity 
5'78.  When  heated  above  77°C.,  or  struck  or 
scratched,  it  rapidly  changes  into  the  crystalline 
form,  increasing  in  density,  with  the  production 
of  great  heat.  Antimony  trichloride  is  always 
contained  in  the  metal  to  the  extent  of  4'8  to 
7'9  p.c,  and  is  given  off  when  the  form  changes. 
This  may  be  held  mechanically  by  the  metal ; 
but  Gore  regards  the  explosive  form  as  an  un- 
stable compound  of  varying  proiJortions  of 
metallic  antimony  and  a  salt  of  antimony. 
Bottger  states  that  occluded  hydrogen  is  con- 
tained in  the  metal  (C.  C.  1875,  674) ;  but  Pfeifer 
(A.  1882,  209,  162-184)  has  been  unable  to  con- 
firm this  statement. 
Alloys  of  antimony. 

Antimony  alloys  with  most  of  the  heavy 
metals  and  with  the  alkaline  metals.  It  gene- 
rally increases  the  fusibility,  brittleness,  and 
hardness  of  the  metals  with  which  it  is  combined, 
and  imparts  the  valuable  property  of  expanding  on 
solidification,  thus  producing  very  fine  impres- 
sions. The  alloys  of  silver,  gold,  and  lead  with  an- 
timony have  a  greater  density  than  the  mean  of 
the  constituents,  while  those  of  iron,  tin,  and  zinc 
are  of  diminished  density.  The  sharpest  im- 
pressions are  produced  when  any  of  these  alloys 
are  cast  at  a  low  temperature  (S.  C.  I.  1,  982). 

With  Lead  antimony  mixes  readily  in  all 
proportions.  By  the  addition  of  antimony  to 
red-hot  lead,  alloys  which  crystallise  in  rhom- 
bohedra  have  been  obtained  by  F.  de  Jussieu 
(C.  B.  38,  1321-1322).  An  alloy  of  equal 
parts  of  lead  and  antimony  is  very  brittle, 
and  rings  when  struck.  Nasmyth  has  recom- 
mended the  addition  of  6  p.c.  antimony  to 
lead  for  use  instead  of  bronze  in  taking  casts  of 
works  of  art  (Athenaeum,  l^o.  1176,  511).  Type 
metal  consists  of  lead  and  antimony,  with  the 
addition,  frequently,  of  tin  or  bismuth.  Common 
type  contains  100  lead  to  from  17  to  20  anti- 
mony ;  that  used  in  Germany  usually  contains 
15  p.c.  antimony.  For  finer  and  especially 
small  type  tin  is  added ;  such  type-metal  may 
contain  fine  lead  (tea  lead)  75,  antimony  20, 
block  tin  5;  or  fine  lead  70,  antimony  25,  block 
I  tin  6  ;  or  lead  2,  antimony  1,  tin  1. 


ANTI]\rONY. 


185 


Stereotype  plates  contain  fine  lead  112,  an- 
timony 18,  block  tin  3.  Music  plates  have  the 
same  composition. 

Wettersteilt's  patent  ship  sheathing  consists 
of  100  lead  to  about  3  antimony,  but  does  not 
appear  to  have  been  used  to  any  extent.  The 
alloy,  containing  varying  proportions  of  anti- 
mony, is  also  used  in  lead  j^ipes,  for  making 
l^umps  and  taps  for  raising  acid  in  alkali  works, 
in  the  manufacture  of  cannon  balls  and  shot, 
and  for  the  emery  wheels  and  tools  of  the  lapi- 
dary. _ 

Tin  forms  numerous  useful  alloys  with  anti- 
mony, especially  with  the  addition  of  other 
metals.  Common  Britannia  metal  consists 
of  tin  140,  copper  3,  antimony  9.  Britannia  metal 
for  castings :  tin  210,  copper  4,  antimony  12  ;  ditto 
for  lamps  :  tin  300,  copper  4,  antimony  15.  The 
best  Britannia  metal  contains  tin  90,  antimony 
10  ;  lead  and  bismuth  being  carefully  excluded. 
Copper  also  is  never  added  except  for  the  i^ro- 
duction  of  colour.  The  exact  proportion  of  an- 
timony used  dei3ends  on  the  quality  of  the  tin, 
and  is  always  ascertained  exiJerimentally.  The 
presence  of  arsenic  in  the  antimony  diminishes 
the  ductility  of  the  product  {v.  Britannia  Metal). 
Superior  pewter  is  made  by  fusing  together  tin 
12,  copper  1,  antimony  1. 

Metal  argentum  contains  tin  85'5,  antimony 
14-5. 

Aslihury  metal :  tin  77'8,  zinc  2-8,  antimony 
19'4.    Ships'  nails,  tin  3,  lead  2,  antimony  1. 

The  alloys  of  tin  and  antimony  are  much 
used  for  machine  bearings,  especially  with  the 
addition  of  copper  and  occasionally  lead.  Those 
containing  copper  are  used  for  railway  axles, 
rings  and  collars  for  machinery,  the  bearings  for 
screw  propellers,  &c.,  in  preference  to  gun  metal, 
the  friction  being  much  diminished.  For  the 
bearings  of  locomotive  and  other  axles  the 
following  antifriction  metals  are  used  : — 

Copper  Anti-     Tin  Lead 
mouy 

At  Crewe  works      .       .  5-3    10-5    84-2  — 

For  German  locomotives.  .5'0  10-0  85-0  — 
Babbit's  metal       .       .  1-5    13-0    45-5  40-0 

Where  the  pressure  on  the  bearing  is  very 
great  the  metal  used  may  contain  copper  20,  tin 
4,  antimony  0'5,  lead  0'25. 

Copper.  The  presence  of  0'15  p.c.  of  anti- 
mony renders  copper  both  cold  and  hot  short. 
With  varying  proportions  of  the  two  metals, 
shades  from  pure  copper-red  to  rose-red,  crimson, 
and  violet  may  be  obtained,  the  last  when 
equality  is  reached.  Two  definite  compounds  of 
copper  and  antimony  appear  to  exist,  viz.  SbCu._, 
a  violet  alloy  known  as  '  Kegulus  of  Venus,'  and 
SbCu,  (Kamensky,  P.  M.  [5]  17,  270;  v.  also 
Ball,  C.  J.  1888, 167). 

Antimony  is  frequently  added  to  heighten  the 
colour  of  brass.  These  alloys  are  harder  and 
finer  in  texture  than  copper  or  brass,  and  take  a 
better  polish.  Antimony  is  frequently  added  for 
this  reason  to  the  material  for  concave  mirrors. 
It  is  also  added  occasionally  to  bell  metal,  as  it  is 
believed  to  add  to  the  intensity  and  clearness  of 
the  sound.  Many  celebrated  old  bells  contain 
antimony,  e.g.  '  Old  Tom '  of  Lincoln  which  con- 
tains about  0  03  p.c. 

Zinc.  Antimony  forms  definite  crystalline 
compounds  with  zinc,  which,  however,  differ 


widely  in  composition  while  retaining  the  same 
form ;  they  decompose  water  rapidly  at  the  boil- 
ing temijcrature. 

Iron  containing  less  than  \  p.c.  of  antimony 
is  both  hot  and  cold  short.  A  mixture  of  7  parts 
antimony  and  3  parts  iron  heated  to  whiteness 
with  charcoal  forms  a  hard  white  alloy  which 
strikes  sparks  with  steel. 

Melted  gold  absorbs  the  vapour  of  antimony, 
but  gives  it  up  almost  entirely  on  further  heating. 

Gold  loses  its  malleability  when  of  antimony 
is  present.  An  alloy  of  9  gold  and  1  antimony 
is  white  and  very  brittle,  with  an  amorphous 
porcelain -like  fracture.  Silver  antimonide 
occurs  as  the  mineral  discrasite. 

CoiiroDNDS  OF  Antimony. 

The  principal  compounds  of  antimony  are 
formed  by  combination  with  oxj'gen,  sulphur, 
and  chlorine  ;  some  compounds  contain  two  of 
these  negative  elements,  of  which  the  oxyehloride 
or  powder  of  Algaroth,  and  the  oxysulphide  or 
glass  of  antimony  are  examples. 

The  most  important  of  these  are  the  tri- 
chloride, trisulpliide,  and  trioxide. 

Antimony  trisulphide  Sb.,S.,. 

Crude  antimony,  antimony  ore,  scsguisiil- 
iMde  of  antimony  ;  Schwefelspiessglans: ;  Grau- 
Spiessglanzerz ;  Stibium  sulplmratum  nigrum; 
lupus  mctallorum. 

This  substance,  as  it  occurs  naturally,  or  after 
liquation,  is  usually  too  impure  to  be  employed 
for  other  purposes  than  the  preparation  of  the 
metal. 

The  ordinary  sulphide  may  be  prepared  by 
the  following  methods  : — 

(1)  Thirteen  parts  pure  antimony  are  mixed 
with  5  parts  flowers  of  sulphur,  and  projected  in 
portions  into  a  red-hot  crucible ;  when  com- 
pletely fused  it  is  poured  out  and  any  free  metal 
detached. 

(2)  Suli^huretted  hydrogen  precipitates  it  as 
an  orange  precipitate  from  a  solution  of  an 
antimony  salt. 

(3)  Digest  for  two  hours  in  a  closed  vessel 
1  part  crude  antimony  sulphide,  1  part  pearl 
ash,  IJ  parts  lime,  and  15  parts  water,  and  add 
sulphuric  acid;  the  alkaline  sulpho-salt  first 
formed  is  decomposed  by  the  acid  with  the  pre- 

'  cipitation  of  the  pure  sulphide.  Antimony  sul- 
phide is  soluble  in  alkaline  sulphides  and  in 
acid  potassium  sulphate.  When  finely  powdered 
and  rubbed  to  a  paste  at  20  "  or  30°C.  with  strong 
sodium  sulphide  solution  a  coppery  metallic 
mass  is  ijroduced,  and  the  liquor  on  addition  of 
more  sodium  sulphide  yields  Schlippe's  salt. 

The  sulphide  is  used  to  some  extent  in  re- 
fining gold  from  silver  and  cojaper,  and  in  the 
jjreparation  of  safety  matches  and  percussion 
pellets  for  cartridges,  in  pyrotechny  and  in 
veterinary  surgery. 

Kermes  mineral.  Brown-red  antimony  si/l- 
pliide.  Pulvis  Carihusianorum.  Snlph.stibia- 
;  tuni  rubrum. 

Kermes  mineral  usually  consists  of  a  mixture 
of  the  trisulphide  and  trioxide  containing  alkali. 
Berzelius  and  Eose  state  that  some  samples 
examined  by  them  consisted  of  a  true  double 
sulphide  of  potash  and  antimony. 
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Preparation. — Fuclis  asserts  that  if  antimony 
sulpliide  is  heated  and  suddenly  cooled  in  water 
it  yields  an  orange-red,  less  dense  powder  of 
kei'mes.  A.  Ditte  (C.  E.  102,  212)  does  not  con- 
firm this  statement. 

(1)  Fom-  i^arts  pure  potassium  carbonate  and 
11  parts  pure  antimony  sulphide  are  heated  to 
fusion  in  a  covered  crucible,  cooled,  boiled  with 
water,  and  filtered.  The  solution  on  exi^osure 
to  the  air  deposits  kermes,  the  residue  from  the 
first  boiling  is  heated  with  the  mother  liquor 
from  some  previously  deposited  kermes,  and 
yields  a  further  quantity ;  this  oi^eration  is  re- 
peated until  an  insoluble  residue  of  trisulphide 
and  trioxide  is  left.  Each  tiuccessive  deposit 
of  the  kermes  contains  a  larger  amount  of  the 
oxide. 

(2)  Fuse  together  2  antimony,  1  sulphur, 
and  3  sodium  carbonate ;  or,  1  antimony 
sulphide  and  3  or  4  tartaric  acid  until  fumes 
cease  to  be  evolved,  and  treat  the  product  as 
in  (1). 

(3)  The  slags  from  the  reduction  of  antimony 
ore  with  cream  of  tartar  slowly  precipitate 
kermes  when  treated  with  water ;  this  is  sold  to 
veterinary  surgeons  as  '  kermes  by  the  dry  way.' 
When  antimony  sulphide  is  boiled  with  potash 
and  isrecipitated  with  an  acid  the  kermes  pro- 
duced contains  no  oxide  (Liebig).  The  kermes 
produced  by  the  action  of  dilute  alkaline  car- 
bonate on  antimony  sulphide  also  contains  no 
oxide  (Rose).  The  oxide  may  be  removed  from 
ordinary  kermes  by  digestion  with  tartaric  acid. 
A  solution  containing  so  much  alkali  as  to  give 
no  precipitate  on  cooling  gives,  when  treated 
with  carbonic  acid  gas,  a  highly  sulphurated 
kermes  containing  antimony  pentasulphide. 

Kermes  is  a  brown-red,  loosely  coherent 
powder,  with  a  brown  streak,  containing  water 
which  is  given  off  below  lOO'C.  It  is  lighter 
than  the  ordinary  sulphide.  The  kermes  con- 
taining antimony  oxide,  when  fused  and  solidi- 
fied, is  destitute  of  crystalline  structure,  while 
that  free  from  oxide  produces  a  highly  crystalline 
solid. 

Antimony  pentasulphide  Sb.S,,.  Golden,  sul- 
]pliide  of  antimony ;  sulphur  antimonii  auratum. 
Prepared  by  boiling  the  trisulphide  with  potash 
and  ground  sulx)hur,  filtering  and  precipitating 
with  acid.  Redwood  recommends  4  parts  black 
antimony  sulpiride,  Slime,  and  80  water,  digested, 
filtered,  and  precipitated  with  hydrochloric  acid  ; 
or,  2  sulphide,  4  potassium  carbonate,  and  1 
sul^jhur,  to  be  fused,  treated  with  20  isarts  water, 
filtered,  and  the  solution  precipitated  with  a  large 
excess  of  sulphuric  acid. 

On  treating  the  mother  liquor  from  kermes 
mineral  with  an  acid,  the  pentasulphide  is  pre- 
cipitated with  evolution  of  sulphuretted  hydro- 
gen. The  mother  liquor  from  Schlippe's  salt 
also  yields  this  substance  on  the  addition  of  an 
acid  (R.  Bartley,  C.  J.  1876,  1,  748).  It  generally 
contains  free  sulphur. 

Antimony  pentasulphide  combines  with  alka- 
line sulphides,  forming  sulphantimonates,  which 
as  well  as  the  sulphantimonites  (which  contain 
less  sulphur)  are  known  as  '  livers  of  antimony.' 
Of  these  the  sodium  sulphantimonate,  or 
Schlippe's  salt,  is  the  most  important. 

A  mixture  of  11  parts  finely  powdered  anti- 
mony trisulphide,  13  crystallised  sodium  car- 


bonate, 1  flowers  of  sulphur,  5  recently  slaked 
lime,  and  20  water  is  digested  at  the  ordinary  tem- 
perature for  twenty-four  hours  with  frequent  stir- 
ring, in  a  vessel  which  can  be  closed.  It  is  then 
strained  and  washed  several  times  with  water, 
the  solution  and  washings  are  evapiorated  in  a 
porcelain  or  clean  iron  dish  until  a  sample  yields 
crystals  on  cooling;  the  solution  is  then  cooled, 
and  the  resultant  crystals  washed  with  cold 
water  and  dried  in  the  open  au'  or  in  a  desiccator 
at  the  ordinary  temperature.  The  salt  is  more 
rapidly  formed  when  the  mixture  is  heated 
(Liebig,  Handworter.  d.  Chem.,  2te  Aufl.  2,  139). 
Also  Gm.  4,  884. 

Oxysulphides  of  antimony  are  formed  by  the 
combination  of  the  sulphides  and  oxides  or  by 
the  partial  oxidation  of  the  sulphides. 

Antimony  crocus  or  saffron.  Fuse  together 
3  parts  of  antimony  trioxide  and  1  part  trisul- 
phide, or  fuse  the  oxide  with  the  calculated 
quantity  of  sulphur. 

The  scoria  from  the  fusion  of  the  sulphide 
with  carbon  and  alkaline  carbonate  in  the  pre- 
paration of  the  metal  is  known  as  crocus  of 
antimony. 

Crocus  of  antimony  is  a  brownish  yellow 
body. 

Glass  of  antimony.  Vitrnm  antimonii.  When 
antimony  sulphide  is  fused  until  the  necessary 
amount  of  sulphide  has  been  converted  into 
oxide,  the  whole  forms  a  glassy  mass  of  this 
compound.  The  best  method  of  preparation  is 
to  roast  the  sulphide  completely  into  oxide  and 
fuse  the  product  with  ^th  part  of  sulphur.  Its 
colour  varies  with  the  proportion  of  sulphur 
present  from  yellowish  red  to  hyacinth  red.  The 
best  quality  is  of  a  fine  red  colour  and  contains 
8  antimonious  oxide  and  1  antimonious  sul- 
phide. 

Antimony  cinnahar  is  an  oxysulphide  of  a 
fine  vermilion  colour,  soft  and  velvety,  and  un- 
altered by  air  or  light ;  it  is  used  in  the  preparation 
of  oil  and  water  colours,  and  in  calico  printing. 
It  is  prepared  by  dissolving  antimony  oxide  in 
hydrochloric  acid,  and  placing  the  solution  in 
a  large  wooden  tub  which  is  |ths  filled  with  cal- 
cium hyposulphite.  The  mixture  is  stirred  and 
heated  with  steam  to  70°,  the  precipitate  soon 
subsides  as  a  yellowish  sediment  which  changes 
to  a  bright  orange  red,  and  is  thoroughly  washed, 
and  dried  below  50°C.  N.  Teck  (C.  C,  26,  1880) 
prepared  it  from  4  parts  tartar  emetic,  3  tartaric 
acid,  18  water  mixed  at  60°C.  with  hyposulphite 
of  soda  and  heated  to  90°  (Wagner)  or  4  volumes 
antimonious  chloride  of  sp.gr.  1'19  mixed  with 
10  vols,  water  and  10  vols,  hyposulphite  of  1-19 
sp.gr.  and  heated  gradually  to  55°  (Mattieu 
Plessy). 

Antimony  yelloiv  {M4ri7nde's  yellow) .  Accord- 
ing to  the  method  of  M6rim6e  a  mixture  of  3 
parts  bismuth,  24  parts  antimony  sulphide,  and 
64  parts  nitre,  is  thrown  little  by  little  into 
a  heated  crucible,  fused,  powdered,  washed,  and 
dried.  In  this  way  bismuth  antimonate  is  pro- 
duced. Of  this  1  part  is  mixed  with  8  parts 
ammonium  chloride  and  128  parts  litharge  and 
fused  as  before.  The  time  occupied  and  the 
temperature  used  cause  considerable  variations 
in  the  colour.  Merim6e's  yellow  is  a  fine  per- 
manent colour  of  good  body.  It  is  only  used 
for  the  finest  painting. 
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Naples  yellow  is  essentially  an  antimonate 
of  lead  containing  excess  of  lead  oxide,  but  mix- 
tures of  carbonate  and  cliromate  of  lead  are  also 
sold  under  the  name.  Many  processes  may  be 
used  for  its  preparation.  According  to  Brunner, 
a  mixture  of  1  jjart  tartar  emetic,  2  parts  load 
nitrate,  and  4  parts  sodium  chloride  is  heated, 
just  to  fusion,  for  two  hours.  The  cooled  mass 
is  i^laced  in  water  and  soon  falls  to  pieces. 
According  to  Guimet  it  may  be  produced  by 
heating  a  mixture  of  1  part  potassium  antimo- 
nate and  2  parts  red  lead.  It  is  a  fine  very 
permanent  orange  or  yellow  ijigment,  nsed  in 
oil  painting  and,  mixed  usually  with  a  lead  glass, 
for  glass  and  porcelain  staining. 

Antimony  trichloride  (Butter  of  antimony). 

Prepared  by  dissolving  the  sulphide  in  strong 
hydrochloric  acid  with  a  small  quantity  of  nitric 
acid  and  evajoorating  to  dryness. 

To  prepare  the  pure  chloride,  the  acid  solu- 
tion is  evaporated  until  it  Just  crystallises  on 
standing  in  a  cool  place ;  it  is  then  transferred 
to  a  retort  and  distilled  until  a  drop  of  the  dis- 
tillate solidifies  on  a  cold  surface,  the  receiver 
is  then  changed  and  the  further  distillate  is 
pure. 

It  is  a  white,  buttery,  semivitreous,  deliques- 
cent solid,  becoming  oily  at  72°C.  and  boiling 
at  200°C.  It  is  nsed  as  a  caustic  in  medicine, 
for  the  preparation  of  tartar  emetic,  and  as  a 
'  bronzing  solution '  for  gun  barrels  &c.  For 
this  purpose  a  saturated  solution  is  mixed  with 
olive  oil,  rubbed  over  the  warmed  metal  and  ex- 
posed to  the  air  until  the  proper  colour  is  pro- 
duced. Wlien  bronzed,  the  metal  is  polished 
with  a  burnisher  or  with  wax,  or  coated  with  a 
varnish  of  2  oz.  shellac,  .3  drachms  dragon's 
blood,  dissolved  in  2  quarts  of  methylated  spirit. 

Antimony  oxychloride.  Basic  cldorkle, 
poioder  of  Alcjaroth ;  inilvis  Algarotlii;  S.  Aii- 
gelicus  ;  mercurms  vita,  &c. 

Water  is  added  to  a  solution  of  the  trichlor- 
ide until  it  is  distinctly  turbid  when  it  is  filtered 
(the  in-ecii^itate  carries  down  any  traces  of  sul- 
phuretted hydrogen  which  may  be  present,  and 
which  if  left  would  soon  turn  the  substance 
yellow).  Five  to  ten  volumes  of  water  are  added 
and  the  ijrecipitate  is  washed  with  cold  water 
and  filtered.  Its  composition  varies  with  the 
temperature  at  which  it  is  produced  and  the 
amount  of  water  used,  varying  between  SbOCl 
and,  where  a  very  large  amount  of  water  has 
been  used,  SKO.,.  It  is  a  white  powder  and  is 
principally  used  for  the  preparation  of  jjure 
antimonious  oxide  and  tartar  emetic. 

Antimonious  oxide  Sbp^.  Trioxide  of  anti- 
mony. If  antimony  is  i^owdered  and  heated  in  a 
shallow  dish  it  eventually  forms  antimony 
tetroxide  Sb^O^;  this,  together  with  the  un- 
changed metal,  is  fused  in  a  crucible,  when 
the  tetroxide  and  antimony  react,  forming  anti- 
monious oxide,  the  excess  of  antimony  sinking 
to  the  bottom  of  the  crucible. 

For  pharmaceutical  purposes  the  Dublin 
College  advises  that  20  parts  of  finely  powdered 
antimony  sulphide  be  gradually  added  to  100 
parts  hydrochloric  acid  containing  1  part  nitric 
acid,  and  heated,  gently  at  first,  and  then  more 
strongly,  until  sulphuretted  hydrogen  ceases  to 
be  evolved.  It  is  then  boiled  for  one  hour  more, 
enough  water  is  added  to  produce  a  slight  pre- 


cipitate, which  removes  the  last  traces  of  sul- 
phuretted hydrogen,  and  filtered  into  a  vessel 
containing  1  gallon  of  water,  precipitating  the 
oxychloride,  which  is  filtered  and  washed  until  it 
ceases  to  have  an  acid  reaction  ;  it  has  then  be- 
come converted  into  the  trioxide. 

It  is  a  white  fusible  solid,  slightly  soluble 
in  water,  volatile  at  a  red  heat.  It  becomes  fur- 
ther oxidised  to  the  tetroxide  Sb^O,,  on  heating 
in  air,  and  is  then  non-volatile. 

In  presence  of  alkalis  it  absorbs  oxygeii ; 
for  this  reason  it  has  boon  proposed  to  use  it  for 
reducing  nitrobenzene  to  aniline,  and  in  the 
preparation  of  aniline  red. 

It  is  used  for  the  preparation  of  tartar  emetic. 
When  ground  with  linseed  oil  it  is  sometimes 
used  as  a  substitute  for  white  lead,  being  less 
injurious  to  the  workmen  and  less  acted  upon  by 
sulphur  gases  ;  it  has,  however,  less  '  body  '  and 
is  more  expensive. 

Tartar  emetic.  Potassium  antimony  tar- 
trate. Tartarus stihiatus.  Breelmeinstein;  spicss- 
fjlanzweinstein.  2C,H,K(SbO)0„H.,0.  Three 
Xjarts  antimonious  oxide  and  4  cream  of  tartar 
are  made  into  a  thin  paste  with  water  and  di- 
gested for  about  half  an  hour,  keejjing  the  water 
at  constant  volume ;  8  parts  of  water  are  then 
added,  boiled,  and  filtered  while  hot.  The  oxy- 
chloride or  oxysulphide  may  be  substituted  for 
the  oxide,  but  not  so  satisfactorily. 

Tartar  emetic  forms  octahedral  crystals 
which  give  off  a  part  of  their  water  on  exposure 
to  the  air.  They  dissolve  in  14'5  parts  cold  and 
in  1"9  joarts  boiling  water.  They  show  an  acid 
reaction  with  litmus,  and  have  a  nauseous  me- 
tallic taste,  5-10  centigrams  causing  vomiting, 
and  larger  quantities  being  very  poisonous. 

It  is  used  in  medicine  and  in  the  preparation 
of  pomades  &c.,  and  also  largely  as  a  mordant 
in  dyeing  and  calico  printing.  Mixtures  of 
tartar  emetic  for  mordanting  are  sold  containing 
as  much  as  33  to  59  p.c.  zinc  sulphate  at  a 
lower  price,  under  the  names  tartar  emetic 
powder,  tartar  emetic  suhstitute,  antimony  mor- 
dant, etc.  It  is  known  that  zinc  acetate  may 
partly  replace  the  tartar  emetic  with  advantage, 
but  the  sulphate  appears  to  be  a  simple  adul- 
terant [v.  H.  Smid,  C.  Z.  1882,  949). 

Several  other  compounds  of  antimony  have 
been  proposed  instead  of  tartar  emetic  for  mor- 
dants, i!.  Jacquet  (D.  P.  J.  257,  LG8)  advises 
the  use  of  a  mixture  of  basic  antimony  oxalate 
with  twice  its  weight  of  ammonium  oxalate. 
Nolting  recommends  the  double  oxalate  of  iJotash 
or  of  ammonia  and  antimony  (D.  P.  J.  255  [3] 
122).  It  is  stated  that  the  latter  compounds 
have  long  been  used  under  other  names. 

The  use  of  the  fluoride  (which  is  not  pre- 
cipitated with  excess  of  water)  and  the  double 
fluorides  of  antimony  and  the  alkalis  has  been 
patented  by  S.  M'Lean.  0.  Watson,  jun.,  has 
recently  patented  a  process  for  using  trichloride 
with  suliicient  connnon  salt  to  ijrevent  the 
precipitation  of  the  oxychloride  [v.  also  G. 
Watson,  S.  C.  I.,  1886,  5,  591 ;  B.  W.  Gerland 
S.  C.  I.  1884,  4,  C43;  and  Kopp  and  Bruere, 
S.  C.  I.  1888,  5UG).  A  double  salt  of  antimony 
fluoride  and  ammonium  sulphate  SbF3(jSIH.|)2SUj 
known  as  '  antimony  salts  '  is  also  used  in  dye- 
ing, but  as  it  attacks  glass  as  well  as  metal,  it 
should  be  stored  and  worked  in  wooden  vessels. 


AJSrriMONY. 


A  good  bath  is  100  litres  water,  400  grams  anti- 
mony salts,  200  grams  soda  crystals  at  a  tem- 
perature of  50°  (Frey.  Bull.  See.  Md.  MuLhouse, 
1888,  301). 

ANTIMONY  OCHRE.  A  mineral  found  in 
Servier  Co.,  Arkansas.  Hardness  a  little  over  4. 
sp.gr.  5-58.  Contains  70-15  p.c.  Sb,  19-85  0, 
3-08  H.O,  0-92  SiO.,  (Santos,  G.  N.  36,  10). 

ANTIMONY  SALTS.  A  compound  of  anti- 
mony fluoride  with  ammonium  sulx^hate  used  as 
a  mordant  (v.  Antimony). 

ANTIPYRINE.  Phcnyldimethylpijrazolone. 
This  substance,  a  valuable  febrifuge  and  anal- 
gesic, was  discovered  by  Knorr  in  1884,  and  in- 
vestigated therapeutically  by  Fehlen.  Phenyl- 
hydrazine  reacts  with  aceto-acetic  ether  accord- 
ing to  the  following  equation 

C,H,.NH.NH,  -f  CH3.CO.CH2.CO 

=  C,H5NH.N:C— Ch!.C0,C,H5  +  H^O 

with  the  formation  of  the  phenylhydrazone  of 
acetoacetic  ether. 

On  heating  this  compound  to  100°  one  mole- 
cule of  alcohol  is  liberated  and  a  substance  is 
formed  containing  a  ring  of  five  atoms,  two 
nitrogen  and  three  carbon  atoms  : 


/ 

N    CO.OCH,  = 

I 


A 

N  CO  +  C.,H,OH. 


H„G.C— CH, 


H,C.C— CH, 


The  simplest  base  of  which  this  body  is  a  de- 
rivative is  known  as  pyrazola ; 

HN 

A 
N  CH 

II  II 
HC~CH 

and  the  body  containing  one  carbonyl  group  is 
pyrazolone : 

HN 

A 
N  CO 

II  I 
HC— CH2 

hence  the  derivative  above  obtained  is  a  phenyl- 
methylpyrazolone.  This  substance  is  mixed 
witli  equal  parts  of  methyl  iodide  and  methyl 
alcohol  and  heated  to  100°  when  phenyldi- 
methylpyrazolone  is  obtained.  The  dark  mass  is 
decolourised  with  sulphurous  acid,  after  which  the 
alcohol  is  distilled  off  and  the  antipyrhie  pre- 
cipitated as  a  heavy  oil  with  sodic  hydrate. 
The  solution  is  extracted  with  ether  in  which  it 
is  not  very  soluble  and  finally  purified  by  crys- 
tallisation from  toluene. 

The  reaction  probably  takes  place  so  that 
the  phenyhnethylpyrazolone  forms  an  addition 
product  with  one  molecule  of  methyl  iodide,  and 
afterwards  a  molecular  rearrangement  takes 
place : 

H,C,N 


I. 


N  CO+CH3I  = 

II  I 


H  c~  0-CH, 


H,C,— N 

^^■?>N^CO 

I!  I 
11,0-  0  ci:^ 


II. 


H3C,— N 

HO  A 
^^T>N  CO 

^    II  I 
H,C— C— CH, 


A 

H3C— N  CO.HI 

I  I 
H,C— C=CH. 


Antipyrhie  melts  at  113°  and  crystallises  in 
small  plates.  It  is  a  strong  monovalent  base, 
but  only  the  picrate  and  platinum  double  salt 
crystallise  easily  (v.  Pyrazole). 

ANTISEPIICS  V.  Disinfectants. 

ANTITHERMIN  Phenylhydrazinelevulinic 
acid  CH3.C(N,H.C,H5).CH„.CH,.C0,His  obtained 
by  dissolving  phenjdhydrazine  in  dilute  acetic 
acid,  adding  an  aqueous  solution  of  the  equivalent 
quantity  of  levulinic  (acetopropionic)  acid,  and 
crystallising  the  resulting  yellow  precipitate 
from  alcohol  (Farbw.  vorm.  Meister,  Lucius  i& 
Briining  in  H5chst  a.  M.,  Germ.  Pat.  37,727). 

It  forms  colourless,  inodorous,  and  tasteless 
scales,  melts  at  98°-99°,  is  sparingly  soluble  in 
cold  water,  soluble  in  alcohol,  ether,  and  dilute 
acids.  It  has  been  employed  as  an  antipyretic 
(Nicot,  G.  0.  1887,  415) ;  but,  according  to  Stark 
(Chem.  and  Drug.  32,  651),  its  use  in  medicine  is 
now  almost  abandoned.  Inasmuch  as  it  is  de- 
composed by  alkalis,  its  physiological  activity  is 
IDrobably  due  to  phenylhydrazine  (Gehe  &  Co., 
C.  C.  1888,  49). 

ANTIRRHINIC  ACID  v.  Digitalis. 

ANTWERP  BROWN  v.  Pigments. 

ANVULA  V.  Amlaki. 

AOOD-I-BALSAM  Balsam  of  Mecca  v.  Oleo- 

EESINS. 

APATITE  [airaTaw,  to  deceive).  A  name  pro- 
posed by  Werner,  in  1786,  for  the  native  crys- 
tallised calcium  phosphate  of  Saxony,  in  con- 
sequence of  the  deceptive  appearances  which  the 
mineral  often  presents,  and  since  extended  to  all 
minerals  of  like  chemical  composition.  Apatite 
crystallises  in  forms  belonging  to  the  hexagonal 
system,  frequently  in  short,  six-sided  prisms, 
each  terminated  either  by  a  pyramid  of  as  many 
faces  or  by  a  simple  flat  plane.  The  horizontal 
edges  at  the  ends  of  the  crystal  are  often  vari- 
ously modified,  and  the  lateral  faces  of  the  prism 
frequently  exhibit  vertical  strite.  Cleavage  is 
generally  not  well  marked.  The  mineral  varies 
in  colour  from  white  to  violet  and  brown ;  but 
the  streak  is  always  white.  As  a  rule  the  lustre 
is  glassy,  but  inclined  to  be  resinous.  Some 
varieties  of  apatite  are  transparent,  others  are 
quite  oi^aque.  Its  specific  gravity  varies  from 
2-92  to  3-25  ;  it  is  harder  than  glass,  but  not  so 
hard  as  felspar.  All  apatites  consist  mainly  of 
calcium  phosphate  associated  to  a  greater  or  less 
extent  with  either  calcium  chloride  or  fluoride, 
or  with  both.  Their  general  composition  may  be 
thus  formulated  :—  [3(Ca.,PoO„)  +  Ca(Cl,„F,,)] ;  the 
chlorine,  however,  may  be  altogether  absent,  the 
mineral  then  becoming  a  Fluor  apatite  or 
Francolite.  The  amount  of  phosphoric  an- 
hydride in  apatite  varies  from  40  to  45  p.c.  The 
mineral  fuses  with  difficulty  before  the  blowpipe. 
Many  varieties  are  phosphorescent  when  heated, 
and  become  electric  by  heat  and  friction.  Apatite 
is  found  in  veins  at  St.  Michael's  Mount,  and 
in  several  Cornish  tin-mines ;  as  Francolite  in 
crystalline  masses  at  Huel  Franco  and  Fowey 
Consols,  in  Cornwall.  Important  deposits  exist 
at  Oedegarlen,  Bamle,  Norway ;  at  Logrossan, 
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Estremadnra,  Spain  ;  and  at  Staffel,  near  Lim- 
bui'g,  on  tlie  Lalm  and  elsewhere  in  Nassau. 
In  Canada  eight  varieties  of  apatite  occur  in  large 
quantities,  containing  from  74-29  to  89'68  p).e.  of  i 
calcic  phosphate  (Hoffmann,  C.  J.  [2]  40,  525), 
one  bed  being  five  m.  thick  (Hutton,  C.  N.  21, 
150).  In  the  United  States  there  are  also  a  large 
number  of  localities  yielding  apatite ;  at  Hurd- 
stone,  New  Jersey,  masses  weighing  200  lbs.  have 
been  mined.  The  apatites  found  in  the  depart- 
ments of  Lot  and  Tarn-et-Garonne  contain 
iodine.  When  apatite  is  treated  with  sulphuric 
acid  it  is  converted  into  superphosphate  of  lime, 
and  in  this  soluble  form  is  highly  valued  as  a 
manure.  It  is  also  used  as  a  substitute  for  bone- 
ash  in  the  manufacture  of  certain  kinds  of  soft 
porcelain. 

Ditte  has  made  apatite  by  fusing  calcic  phos- 
phate with  sodium  chloride  (C.  R.  94,  1,592 ; 
J.  35,  10),  V.  Calcium. 

APHTHITE.  An  alloy  containing  800  parts 
of  copper,  25  of  platinum,  10  of  tungsten,  and 
170  of  gold  (Zeits.  f.  d.  C.  Grossgew.  4,  313). 

APIGENIN  V.  Glucosiiies. 

APIIN  V.  Glucosihes. 

APIOS  TUBEROSA  or  GLYCINE  APIOS. 

A  leguminous  plant  from  North  America,  the 
roots  of  which  have  been  proposed  as  a  substitute 
for  the  potato,  and  the  young  seeds  for  peas. 
Payen  (C.  B.  28, 189)  gives  the  following  analysis 
of  the  root : — Nitrogenous  matters  4-5,  fatty 
matters  O'B,  starch,  sugar,  &c.  33'55,  cellulose 
&c.  1-3,  inorganic  2-25,  water  57-8. 

APLOTAXIS  AUKICULATA  v.  Cosxus. 

APORETIN  V.  Khubakb. 

APOTURMERIC  ACID  v.  Turmeric. 

APPLE.  The  fruit  of  the  apple  tree.  A  re- 
cent analysis  of  apples  by  Bertram  (B.  C.  7,  59) 
gave  : — Water  32-12,  albuminoids  1-06,  fibre  5-59, 
extractive  free  from  nitrogen  58-97,  ash  1-9(5, 
glucose  39-71,  cane  sugar  3-90,  starch  5-22,  free 
acid  2-G8,  pectinous  substances  4-54,  remainder 
2-92.  Other  analyses  of  apples  are  given  in 
Watts'  Dictionary  (first  edition),  vol.  ii.  715. 

Truelle  (Bl.  [2]  27,  398 ;  C.  J.  [2]  32,  514) 
was  unable  to  find  any  relation  between  the 
proportion  of  sugar  contained  in  apples  and 
their  acidity. 

Zinc  has  been  found  in  dried  American  aiJple 
chips  (S.  C.  I.  5,  498),  v.  Cij.er. 

APPLES,  ESSENCE  OF.  Iso-amyl  iso- 
valerate,  dissolved  in  ordinary  alcohol.  Used 
in  perfumery. 

APPLETREE.  {Pijrus  mains,  It. ;  Pommo, 
Fr. ;  Apfel,  Ger.)  The  wood  is  much  used  in 
turnery,  and  that  of  the  crab  tree  is  used  by 
millwrights  for  the  teeth  of  mortice  wheels. 
The  bark  contains  a  tannin  identical  with  that 
contained  in  horse-chestnut  bark. 

APOMORPHINE  v.  Vegeto-Alkaloids. 

APOPHYLLITE  v.  Calcium. 

APRICOT  OIL.  {ChooU-ki-tcl;  Badmn Eohcc.) 
Expressed  from  the  kernels  of  Primus  Ar- 
vieniaca.  It  is  of  a  pale  yellow  colour,  smelling 
of  prussio  acid  ;  has  a  bland  taste ;  sp.gr.  at 
60'"'  =  0-9204;  its  freezing  point  is  below  that  of 
almond  oil.  With  nitric  acid  it  gives  a  coffee- 
brown  colour ;  a  light  brown  with  sulphuric 
acid,  and,  with  the  elaidin  test,  a  light  yellow 
hard  mass,  solidification  taking  place  in  about 
two  hours. 


Used  in  cooking,  as  a  burning  oil,  and  aa 
a  cosmetic  (Mabeu.  Ph.  [3]  16,  798). 

APRICOT,  ESSENCE  OF.  A  mixture  of  iso- 
amyl  butyrate  and  iso-amyl  alcohol. 

AQUA  FORTIS  v.  Nitric  acid. 

AQUA  REGIA.  Nitromuriatic  acid  ;  Kuiiigs- 
wasscr.  A  name  given  by  Basil  Valentine  to 
a  mixture  of  nitric  and  hydrochloric  acids, 
originally  prepared  by  dissolving  sal  ammoniac 
in  strong  nitric  acid,  and  used  by  the  alchemists 
as  a  solvent  for  gold,  sulphur,  &c.  Usually  made 
by  mixing  1  vol.  of  nitric  acid  with  4  vols,  of  hy- 
drochloric acid.  The  mixture  is  at  first  colour- 
less, but  gradually — especially  on  heating  — 
acquires  a  deep  orange  yellow  colour,  due  to  the 
formation  of  nitrosyl  chloride  and  free  chlorine  : 
HNO3  +  3HC1  =  NOGl  +  CI2  +  2H,0.  The  solvent 
action  of  aqua  regia  appears  to  be  mainly  due  to 
the  free  chlorine. 

AQUA  VIT.a:,  A  name  used  by  Avice-nna  to 
denote  common  alcohol  as  obtained  by  distilling  a 
liquid  which  has  undergone  vinous  fermentation. 

ARABIC,  GUM,  v.  Gums. 

ARABINOSE  C^HioO,,  [(Kiliani,  B.  20,  339 
and  1233,  and  21,  3006) ;  (Griess  and  Harrow, 
B.  20,  3111;  and  Brown  and  Morris,  C.  J.  51, 
619)]  C„H,„0,  (Scheibler,  B.  1,  58  and  108  ;  6, 
612 ;  and  17,  1729).  A  substance  crystallising 
in  well-deQned  rhombic  prisms,  obtained  by  the 
action  of  sulphuric  acid  on  beet  gum,  cherry- 
tree  gum,  gum  arable,  and  allied  gums. 

Preparation. — A  solution  of  gum  arable,  or 
allied  gum  (dextrorotatory,  and  yielding  little 
mucic  acid  by  the  action  of  nitric  acid,  by  prefer- 
ence), containing  30  to  40  grams  of  the  gum  and 
2  to  3  c.c.  sulphuric  acid  in  100  c.c,  is  boiled  for 
seven  to  twelve  minutes,  cooled,  the  acid  neu- 
tralised with  calcium  or  barium  hydroxide  or 
carbonate  and  alcohol,  sp.gi-.  -83,  added  as  long 
as  a  precipitate  is  produced.  This  precipitate 
soon  settles,  leaving  the  alcoholic  solution  clear. 
On  distilling  off  the  alcohol  and  evaporating  to  a 
syrup,  arabinose  crystallises  out.  The  substance 
is  obtained  in  well-defined  rhombic  prisms  with 
monoelinic  termination  by  recrystallising  from 
water.  With  some  gums  the  digestion  of  the 
acid  solution  can  be  continued  for  two  hours 
with  increased  yield  of  arabinose,  and  without 
impairing  the  purity  of  the  product.  The 
crystals  are  anhydrous  ;  they  melt  at  160°. 

Arabinose  is  optically  active, 

[a]n=  -f- 104-4-  +  105-4°  (Scheibler) ; 
[a]n-t- 104-7°  to  -fl08  (O'S.), 
the  activity  increasing  with  the  strength  of  the 
solution  in  which  it  is  observed.  The  activity 
of  freshly-prepared  solutions  is  1-5  to  1-6  times 
greater  than  the  permanent  activity — i.e.  the 
activity  in  solutions  after  boiling  or  long  standing 
in  the  cold  (O'Sullivan,  C.  J.  45, 51).  It  exhibits 
the  power  of  bi-rotation  (Griess  and  Harrow). 

It  reduces  alkaline  solutions  of  the  heavy 
metals  ;  if  the  amount  of  copper  oxide  reduced 
from  Fehling's  solution  by  a  given  weight  of 
dextrose  be  taken  as  100,  the  reduction  produced 
by  the  same  weight  of  arabinose  is  110  to  112. 

Treated  with  bromine  in  excess,  arabinose  is 
converted  into  araboie  acid,  C^HioOii,  which,  on 
'  separating  from  solution,  crystallises  as  a  lacton 
CjHjjOj.    The  calcium  salt  crystallises  as 

I  (C,H„0,),Ca  -^  5H,0 
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(Bauer,  J.  f.  pr.  Chem.  [2]  34,  47) ;  Kiliani, 
B.  19,  3030). 

Oxidised  with  nitric  acid,  it  yields  oxalic 
acid ;  ia  the  early  stages  of  the  reaction,  another 
acid,- like  saccharic  acid,  is  also  present.  When 
1  part  arabinose  is  digested  with  2  parts  nitric 
ecid,  sp.gr.  1-2,  in  a  water-bath  at  35°  for  six 
hours,  araboic  acid  is  produced.  This  acid  is  the 
same  as  that  obtained  by  the  action  of  bromine. 
If  2^  parts  nitric  acid  are  emijloyed,  and,  after 
digestion  at  35°,  the  solution  is  evaporated  on 
a  water-bath  until  the  evolution  of  gas  ceases, 
triliydroxyglutaric  acid,  C5H3O;,  is  produced. 
The  pota;;sium  salt  of  this  acid  is  C^H^O-K, 
(Kiliani,  B.  21,  3000). 

Sodium  amalgam  (nascent  hydrogen)  converts 
arabinose  into  arbitol  (Scheibler,  B.  18,  1321), 
which,  according  to  Kiliani  (B.  20,  1233),  is 
normal  pentoxypentan 

CH„OH(0HOH)3CH,OH. 

It  would  probably  be  more  correct  to  say  that 
this  body  is  amongst  the  products  of  the  action 
of  nascent  hydrogen  on  arabinose. 

Allowed  to  stand  for  some  time  in  a  solution 
containing  GO  to  70  p.c.  hydrocyanic  acid,  a 
crystalline  powder  falls  out  which  contains 
CjHinOjHCN ;  this,  ou  digestion  with  hydro- 
chloric acid,  yields  the  amide 

C,H„0,.HN, 

and  finally  the  acid,  arabinose  carbonic,  CgHj^O,, 
which  separates  from  the  solution  as  a  crystal- 
lisable  lacton  CgHijO,;.  This  substance,  on 
treatment  with  hydriodic  acid,  yields  the  lac- 
ton of  hydroxycaproic  and  normal  caproic 
acid. 

Arabinose  forms  crystallisable  compounds 
with  the  aromatic  diamines  and  diamido-  acids. 
With  o-amido-benzol  it  gives 

with  7-diamido-benzoic  acid, 
yCOOB. 

(Griess  and  Harrow,  I.e.).  A  solution  of  1  part 
arabinose,  2  parts  hydrochlorate  of  j)henyl- 
hydrazin,  and  3  -parts  sodium  acetate  in  20 
l^arts  water,  when  heated  for  some  time  on  a 
water-bath,  yields  a  precipitate phenyl-arabinose- 
azone  Ci-K.^NjOa ;  its  fusing  point  is  157°  to 
158°. 

These  facts  have  led  to  the  conclusion  that 
arabinose  is  a  C^H,„0^,  and  that  its  consti- 
tution is 

CH,OH 
(CH0H)3 
COH; 

or,  according  to  the  view  of  ToUens, 
/CH., 
O^(CHOH)., 
\CHOH.  " 

Continued  heating  with  dilute  acids  decomposes 
it,  la3vulinic  acid  not  being  one  of  the  products  ; 
other  acids  are  present  (ToUens).  It  is  doubtful 
whether  the  body  is  fermentable  with  ordinary 
beer  yeast.  On  these  latter  grounds  it  is  con- 
sidered not  to  be  a  glucose.  O'S.  and  H. 
AKACHIDIC  ACID  v.  Fatty  Acids, 


AKALIA  BAEK  or  FALSE  PRICKLY  ASH 
BARK,  the  bark  of  Aralia  S2}iiiosa,  contains 
a  volatile  oil,  an  amorijhous  bitter  substance, 
(tannin),  a  grey  acrid  resin,  and  a  glucoside  to 
which  the  name  araleiu  has  been  given  (Lilly, 
Ph.  [3J  13,  305).  By  boiling  aralein  with  dilute 
hydrochloric  acid,  ara  lire  tin  is  obtained 
(Holdeu,  Ph.  [3]  11,  210 ;  C.  J.  40,  105). 

ARAROBA  POWDER.  Goa  Powder;  Chrys- 
arobin.  A  powder  varying  in  colour  from 
a  p)ale  primrose  yellow  to  bronze  and  purple, 
which  collects,  ijossibly  as  the  result  of  oxidation 
of  the  resin,  in  the  cavities  of  the  stems  and 
branches  of  the  Andira  araroha  (order,  Lcgu- 
minosa)  {Aguiar),  a  tree  inhabiting  the  forests 
of  Bahia  in  Brazil  (Aguiar,  Ph.  [3]  10,  42  ;  of. 
Greenish,  ibid.  [3]  10,  814). 

Crude  Araroba  was  analysed  by  Attfield  in 
1875  (Ph.  [3]  5,  721)  and  found  to  contain 
moisture  1  p.c,  glucoside,  bitter  constittient  and 
arabin  7  p.c,  yelloio  crystalline  substance  ex- 
tracted with  benzol,  su^^posed  to  be  chrysophanic 
acid,  80-84  p.c,  resins  2  p.c,  woody  fibre  5'5 
13.C.  On  incineration  O'o  p.c.  of  ash  was  obtained. 
The  yellow  crystalline  compound  which  consti- 
tutes the  chief  i^art  of  Goa  powder  and  to  which 
its  activity  is  probably  due,  was  subsequently 
examined  by  Liebermann  and  Seidler  (B.  11, 
1603;  A.  212,  29).  It  was  shown  to  be  chrys- 
arobin  C.j„'H..,J}„  independent  of,  but  closely 
related  to  chrysophanic  acid.  It  is  purified  by 
recrystallisation  from  glacial  acetic  acid,  m.p. 
170-178°;  heated  wth  zinc-dust  it  yields  methyl- 
anthracene.  Chrysarobin  is  readily  converted 
into  chrysophanic  acid  by  the  oxidising  action 
of  the  air.  This  is  most  expeditiously  effected 
by  leading  a  current  of  air  through  Goa  powder 
dissolved  in  solution  of  potash 

C3„H,,0,  +  20,  =  2C„H,„0, 4  3H,0. 
Liebermann  and  Seidler  describe  a  tetraacetyl 
derivative  CaoH^Ac^O,  which  melts  at  228-230°. 

Chrysarobin  dissolves  in  sulphuric  acid  with 
a  yellow  to  orange  colom-,  and  with  strong  potash 
it  gives  a  yellow  solution  with  dark-green  fluor- 
escence, becoming  red  on  exposure  to  air.  A 
minute  quantity  (1  milligram)  of  chrysarobin 
sprinkled  on  a  drop  of  fuming  nitric  acid  gives 
a  red  solution  which,  when  s^sread  in  a  thin  layer 
and  treated  with  ammonia,  strikes  a  violet 
colour  (Pharm.  Germ.). 

Though  sometimes  administered  internally 
as  a  purgative,  araroba  powder  is  used  in  medi- 
cine almost  exclusively  as  an  external  remedy 
in  the  form  of  ointment,  in  the  treatment  of 
certain  skin  diseases.  A.  S. 

ARASINA  GURGI.  An  impure  gamboge 
from  Camara,  obtained  probably  from  a  species 
of  Garcmia  (D,ymock,  Ph.  [3]  7,  451). 

ARBOL-A-BREA  RESIN.  Is  obtained  from 
Canarium  album,  a  tree  belonging  to  the  Bur- 
seraceaj,  growing  in  the  Philippines.  The  re- 
sidue is  greyish-yellow,  soft,  glutinous,  and  has 
a  strong  agreeable  odour.  It  contains  61-29  parts 
of  resin  very  soluble  in  alcohol ;  25'00  parts  of 
resin  sparingly  soluble  in  alcohol ;  6-25  essential 
oil ;  0'52  free  acid  ;  0'52  bitter  extractive  matter ; 
6-42  woody  and  earthy  impurities  (Bonastre, 
J.  Ph.  10,129).  Baup  has  isolated  four  crystalline 
substances,  Amyrin,  Breidin,  Brein,  and 
Bryoidine  (A.  Ch.  [3]  31,  108). 

ARBUTIN  V.  Glucosides. 


Areca. 
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AECHIL  or  ORCHIL.  {Orscillc,  Fr. ;  Orscille, 
Ger. ;  OriccUo,  It.)  Appears  in  commerce  in  three 
forms  :  (1)  as  a  pasty  matter  callecl  archil ;  (2)  as 
a  mass  of  a  drier  character,  named  pcrsis  ;  and 
(3)  as  a  reddish  powder  called  cudbear.  It  is  ob- 
tained from  various  Hchens  of  the  genus  Boccella, 
growing  on  the  rocky  coasts  of  the  Azores,  the 
Canary  and  Cape  de  Verd  Isles,  also  of  the  Cape 
of  Good  Hope,  Madeira,  Corsica,  Sardinia,  &c., 
and  from  OcJirolechia  tartarea,  growing  in 
Sweden  and  Norway.  None  of  these  lichens 
contains  the  colouring  matters  ready  formed,  but 
they  contain  certain  colourless  acids,  erythric, 
lecanoric  acids,  &c.,  which  are  susceptible  of 
transformation  into  a  colourless  neutral  body, 
orcinol  CjHgO,,  and  this,  when  acted  upon  by 
the  air  and  ammonia,  changes  into  a  jiurple  sub- 
stance called  orcein,  C^HyNO^,  which  is  the 
colouring  principle  of  archil.  Archil  also  con- 
tains two  other  colouring  matters  of  unknown 
composition  termed  azoerythrin  and  ery- 
throleinic  acid.  To  prepare  archil,  the  lichens 
are  ground  up  with  water  to  a  uniform  pulp, 
stale  urine  or  ammonium  carbonate  with  a  little 
quicklime  is  added,  and  the  whole  is  allowed  to 
ferment  with  frequent  stirring  to  promote  the 
access  of  air.  In  about  a  week  a  violet  colour  is 
developed,  which  in  a  few  days  becomes  brighter 
and  then  constitutes  ordinary  archil.  If  sodium 
or  potassium  carbonate  be  added  to  the  lichens 
as  ■well  as  ammonia,  a  different  change  takes 
place,  and  a  blue  colouring  matter  known  as 
litmus  is  obtained. 

Archil,  although  a  fugitive  dye,  is  a  very  useful 
ingredient  in  dyeing,  as  it  gives  a  brilliant  lustre 
to  the  goods.  The  colour  is  made  more  y>ex- 
manent  by  using  a  solution  of  tin  with  it,  but 
the  archil  loses  its  natural  colour  and  assumes 
one  approaching  more  or  less  to  scarlet,  ac- 
cording to  the  quantity  of  solution  of  tin  em- 
ployed. 

Prepared  archil  very  readily  parts  with  its 
colour  to  water  and  to  alcohol ;  it  is  the  sub- 
stance principally  made  use  of  for  colouring  the 
spirit  in  thermometers.  As  exposure  to  the  air 
destroys  its  colour  upon  cloth,  so  docs  the  ex- 
elusion  of  the  air  produce  a  like  effect  in  these 
hermetically  sealed  tubes.  Abbe  Nollet  in  1742 
observed  that  the  colourless  spirit,  upon  break- 
ing the  tube,  soon  resumes  its  colour,  and  this 
for  a  number  of  times  successively. 

Archil,  applied  to  marble,  stains  it  a  beauti- 
ful violet  or  purplish-blue  colour  which  is  far 
more  durable  than  the  colour  it  communicates 
to  other  bodies. 

Orcinol  has  been  made  by  Nevile  (E.  P. 
4,389,  1881 ;  B.  15,  2'J7G ;  S.  C.  I.  1,  228,  2,  167) 
from  motadinitrotoluene ;  by  Vogt  a.  Hen- 
ninger  in  1872  from  a-chlortoluenesulphonic 
acid ;  and  by  Cornelius  a.  Pechmann  (B.  19, 
1446 ;  S.  C.  I.  5,  481)  from  acetone  dicarboxylic 
acid. 

Archil  is  often  adulterated  with  coal-tar 
colours  and  with  extracts  of  logwood,  redwood, 
etc.  Several  methods  for  the  detection  of  such 
adulterations  have  been  proposed.  Tiius,  to  detect 
magenta,  Kertess  (D.  P.  J.  256,  281)  tests  by  boil- 
ing with  a  large  excess  of  water  and  filtering, 
and  adding  benzaldehyde,  a  tin  salt,  and  hydro- 
chloric acid  to  the  filtrate,  which  is  then  well 
shaken  and  allowed  to  stand,  when,  if  magenta 


is  present,  the  lower  layers  assume  a  red  coloui*. 
Fairley  (S.  C.  I.  5,  286)  tests  for  magenta  by 
extracting  the  paste  with  strong  aqueous  am- 
monia until  all  the  natural  colour  is  removed, 
when,  on  adding  alcohol  to  the  residue,  the  anil- 
ine dye  appears  of  its  projjer  colour. 

Azo-  colours  are  also  not  unfrequently  added 
to  archil.  The  modes  of  detecting  these  and 
other  colouring  matters  which  may  be  added 
have  been  examined  by  F.  Breint  (Mitth.  d. 
Techn.  Gewerbemuseums  in  Wien ;  S.  C.  I. 
1888,  345).  An  adulteration  of  archil  colouring 
matters  with  logwood  or  Brazil  wood  may  be  shown 
by  a  dye  trial  with  mordanted  cotton.  Cotton 
yarn  or  cloth  mordanted  with  iron  or  alumina 
salts  answers  the  purpose  best.  'I'he  cotton 
stuff  is  dyed  for  half  an  hour  in  the  hot  solution 
of  the  susijected  sample,  which  before  has  been 
boiled  and  suitably  diluted ;  it  is  then  washed 
in  a  warm  solution  of  soap.  Pure  archil  or  cud- 
bear produces  scarcely  any  colour  on  mordanted 
cotton  (an  extremely  faint  p)iuk  only),  whilst  a 
sample  containing  an  extract  of  logwood  or  red- 
wood dyes  the  cotton  readily,  extract  of  logwood 
dyeing  cotton  mordanted  with  iron  salts  bluish- 
grey  or  black,  if  mordanted  with  alumina  salts, 
bluish- violet.  By  the  redwood,  cotton  mordanted 
with  iron  salts  is  dyed  a  blackish-brown,  if 
mordanted  with  alumina  salts,  red.  (Comi3. 
Crossley,  J.  Soc.  Dyers  and  Colourists,  1885,  23  ; 
Knecht,  ihid.  1887,  23 ;  Liebmann  and  Stude 
S.  C.  I.  1886,  287  ;  Kawson,  Journ.  Soc.  Dyers 
and  Colourists,  1888,  68.) 

Archil  is  also  used  to  impart  to  white  wines 
the  colour  of  sparkling  wines,  but  its  i^resence 
can  be  detected  by  precipitating  with  lead  acetate 
and  extracting  with  amyl  alcohol,  when  a  red 
colour  indicates  the  presence  of  archil  or  ma- 
genta. The  addition  of  a  little  hydrochloric 
acid  changes  the  colour  to  yellow  if  magenta 
be  jiresent,  but  does  not  alter  it  if  archil  has 
been  employed  (Hass.  Fr.  20,  369  ;  S.  C.  I.  1, 
119). 

By  heating  two  molecules  of  orcinol  and  one 
molecule  of  benzoic  acid  with  sulijhuric  acid 
at  130°-135°  for  four  hours,  Zulkowsky  (M.  5, 
221 ;  S.  C.  I.  3,  441)  obtained  a  substance  giving 
in  alcoholic  solution  a  beautiful  gold-yellow 
colour. 

Eousse:  (C.  C.  19,  368;  S.  C.  I.  3,  516) 
uses  rocccllin,  prejjared  by  diazotising  naplithyl- 
amine  sulphouic  acid  and  combining  it  with 
;8-naphthol,  as  a  substitute  for  archil,  but  it 
has  not  yet  been  fixed  upon  vegetable  fibre  [v. 

Azo-  COLODEING  MATTEEs). 

Orciu  may  be  quickly  estimated  in  a  sample 
by  adding  a  known  quantity  of  bromine  in  ex- 
cess, with  which  it  combines  forming  insoluble 
tribromorcin,  and  then  determining  the  excess 
of  bromine  (Keyman,  Z.  8,  790 ;  C.  J.  [2j  13, 
1293). 

ARCHIL  BROWN  v.  Azo-  coloueing  jiattees. 
ARCHIL  RED  v.  A/,o-  colodhing  maiiees. 
ARCHIL  SUBSTITUTE   v.  Azo-  coloueixq 

MATTJOXIS. 

ARECA.  A  genus  of  palms  containing  the 
important  species  Arcca.  Catechu  {betel  nut  or 
areca  nut),  the  fruit  of  which  is  used  as  a 
masticatory  in  the  East  Indies.  It  contains  an 
inferior  catechu,  tannic  and  gallic  acids,  ani- 
mouium  acetate,  fats,  oils,  gum,  nitrogenous 
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substances,  and  a  dye  {arcca  rerj).  The  charcoal 
of  the  nut  is  used  as  a  tooth  powder,  and  the 
ground  nut  is  employed  as  a  remedy  for  tape- 
worm. According  to  Ure  one  tree  will  produce 
from  200  to  800  nuts  according  to  its  age,  situa- 
tion and  culture.  The  tax  on  the  areca  nut 
produce  in  India  during  the  year  1885-6  was 
335,000  rupees  (Chem.  and  Drug.  29,  850). 

AREOMETER  v.  Hydeoheteb. 

ARGAL  V.  Af.gol. 

ARGAN  OIL.  An  oil  obtained  from  the 
kernels  of  Argania  Sideroxylon  (order,  Sajpo- 
tacece),  growing  in  Morocco.  The  kernels  are 
first  roasted,  ground  to  powder  and  mixed 
with  water,  when  the  oil  separates  (Ph.  [3] 
10,  127). 

ARGENTAN.  Aluminium  bronze,  v.  Alu- 
minium. 

ARGENTINE.  Finely  divided  spongy  tin, 
made  by  reducing  a  weak  solution  of  tin  salt 
(120  grammes  in  60  litres  of  water)  by  zinc.  The 
tin  is  collected  in  a  sieve,  washed  with  water, 
and  dried  at  a  gentle  heat.  Used  for  tin  plating 
and  also  for  i^rinting  upon  fabrics  and  paper 
(Deut.  Ind.  Zeit.  23,  255 ;  S.  C.  I.  1,  504). 

ARGOL  or  ARGAL.  {Tartre  brut,  Fr. ;  Wein- 
stein,  Ger.)  Crude  bitartrate  of  potash,  known  as 
red  ai'gol  .{Crcmora  di  Vinaccia),  or  white  argol 
{Crcmore  di  St.  Artimo),  according  to  whether  it 
is  dei^osited  from  the  red  or  the  white  grape. 
The  value  of  the  argol  made  in  South  Italy  is 
estimated  by  Kaemmer  (C.  Z.  9,  949,  1012; 
S.  C.  I.  4,  494)  at  15,000,000  marks  {v.  Tabiaeic 
acid). 

ARGYRODITE  v.  Germanium. 

ARGYRO-PYRITES.  A  silver  ore  containing 
29-75  p.c.  Ag;  36-28  Fe;  32-81  S.;  sp.gr.  =  4-06 
-4-12.  Streak  deep-black  (Weisbach,  J.  M.  1877, 
90C  ;  C.  J.  [-2]  34,  381). 

ARIBINE  V.  Vegeto-alkaloids. 

ARICINE  V.  Vegeto-alkaloids. 

ARMENIAN  BOLE  v.  Pigments. 

ARNATTO  V.  Annatto. 

ARNOTTO  V.  Annatto. 

ARNICA  V.  Eesins. 

AROMATIC  VINEGAR  v.  Acetic  acid. 

AROXENE  V.  Vanadium. 

ARRACK.  {Arack,¥i.;  Ara'k,Gey:.)  A  spiri- 
tuous li(iuor  imported  from  the  East  Indies. 
The  finer  qualities  are  distilled  from  the  fer- 
mented juice  (toddy,  palm  wine)  of  the  cocoa- 
nut  ;  the  other  kinds  from  rice  or  sugar  fer- 
mented with  cocoanut  juice,  and  they  are  made 
more  intoxicating  by  the  addition  of  poppy- 
heads,  hemp  leaves,  juice  of  stramonium,  &c. 
(Cooley,  1). 

ARRAGONITE  v.  Culcium. 

ARROPE.  Sherry  boiled  to  a  syrup,  used  for 
colouring  other  wines. 

AjaROWROOT.  (Racine  flechii?re,  ¥v.;  Pfeil- 
luurzelmehl,  Ger.) 

This  term  is  applied  generically  to  indicate  a 
starch  or  fecula ;  thus  Portland  arrowroot  is 
obtained  from  Arum  maculatum;  Bast  India 
arrowroot,  from  Curcuma  angustifolia ;  Brazi- 
lian, from  Manihot  utilissima;  Tahiti  arrowroot, 
from  Tacca  pinnatifida;  English  arrowroot,  from 
the  potato. 

True  arrowroot,  however,  is  the  starch  of  the 
Maranta  arundinacea,  now  cultivated  in  the 
East  and  West  Indies,  Natal,  and  Australia. 


In  Ure's  Dictionary,  a  full  description  of  the 
l^rocess  of  preparing  arrowroot  on  the  Hopewell 
estate,  St.  Vincent,  West  Indies,  is  given,  and 
in  the  J.  S.  A.  30,  1013,  and  Pharm.  J.  Trans. 
[.3]  13,  224,  the  details  of  its  manufacture  in 
Queensland  are  described ;  the  essential  part 
of  the  process  being  that  the  roots  are  re- 
duced to  a  pulp  with  water,  the  fibrous  matter 
separated,  and  the  starch  allowed  to  settle  in 
large  tanks. 

A  plot  of  ground  22i  x  32  feet  planted  with 
Maranta  arundinacea  in  the  Shevaroy  Hills, 
India,  produced  480  lbs.  of  corms  yielding  65  lbs. 
of  arrowroot. 

Drawings  of  the  microscopic  structure  of 
arrowroot  are  to  be  found  in  Allen's  Organic 
Analysis  1,  339,  and  Ph.  [3]  6,  204. 

Cavassa  starch  has  been  found  as  an  adul- 
terant. 

An  analysis  of  arrowroot  biscuits  by  Stutzer 
(Euss.  Zeitschr.  Pharm.  21,  724  ;  J.  21,  724)  gave 
albuminoids  6-71,  fats  12-21,  carbohydrates 
73-67,  water  6-53,  ash  0-88,  phosphoric  acid 
0-236. 

ARSENARGENTITE.  An  ore  containing 
81-37  p.c.  of  silver  and  18-43  of  arsenic  (Hannay, 
Min.  Mag.  1877,  849 ;  C.  J.  [2]  34,  15). 

ARSENIC.  [Arsenic,  Fr. ;  Arsenic,  Arsen, 
Ger.)  SchwerbenkobaU,  Fliegengift,  Ndpfchen- 
kobalt.    Arsenicum.   Regulus  Arsenici. 

Sjnnbol,  As  ;  at.  wt.  74-9  (BerzeHus,  Pelouze, 
Kessler,  Dumas). 

Occurrence. — Arsenic,  in  small  quantities,  is 
one  of  the  most  widely  distributed  elements ; 
it  is  found  in  mineral  and  other  waters,  and  in 
coal  smoke,  in  most  pyretic  minerals,  and  in  a 
large  number  of  ores. 

In  England  it  occurs  principally  with  tin  ore, 
and  on  the  Continent  in  mispickel.  Arsenic 
occurs  native  (usually  associated  with  iron, 
cobalt,  nickel,  antimony,  and  silver),  in  crystal- 
line rocks  and  in  the  older  schists,  generally  in 
reniform  and  stalactitic  masses,  often  mammil- 
lated ;  it  also  occurs  occasionally  in  rhombo- 
hedral  crystals.  At  Zimeoff  in  Siberia,  large 
masses  are  found  ;  it  occurs  in  the  silver  mines 
of  Freiberg,  Annaberg,  Marienberg,  and  Schnee- 
berg  in  Saxony ;  at  Joachimsthal  in  Bohemia, 
Andreasberg  in  the  Hartz,  Kapnik  in  Transyl- 
vania, Orawitza  in  the  Banat,  Kongsberg  in 
Norway,  St.  Marie-aux-Mines  in  Alsace,  in 
Borneo,  and  in  the  United  States. 

As  arsenide  it  occurs  combined  with  iron  in 
two  forms  FeAs.,  and  FeAsj ;  with  nickel  as 
Kupfernickcl  NiAs  and  NiAs. ;  with  cobalt  as 
tin  xolvite  cobalt,  CoAs,,.  With  antimony  it 
occurs  as  arsenical  antimony  at  Przibram  in 
Bohemia;  with  blende  antimony  and  spathic 
iron  at  Allemont,  at  Sohladming  in  Styria  and 
Andreasberg  in  the  Hartz. 

Arsenic  is  generally  present  in  native  sulphur. 
Combined  with  sulphur  it  occurs  as  realgar  or 
ruby  sulphur  As,S.j  in  Hunga-ry,  Saxony,  Switzer- 
land and  China ;  and  as  orpiment  in  Hun- 
gary and  the  Hartz. 

With  stilphur  and  iron  it  occurs  as  mispickel, 
arsenical  pyrites,  or  white  vmndic  FeSjFeAs^ ; 
with  sulphur  and  cobalt  in  cobalt  glance  C0S2 
CoAs.,;  in  nickel  glance  NiS.,  NiAs.^,  and  in  a 
number  of  other  ores,  being  obtained  as  a  secon- 
dary product  in  the  roastmg  of  tin  and  copper 
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otrs,  copper  niclcl,  arsoiicnl  fahl  ores,  swaltiiic, 
cobalt  and  nickel  glance,  &c. 

With  oxygen,  arsenic  occurs  as  arsenolitc  or 
arscniU  As^O,,,  usually  as  a  crust  on  other  arseni- 
cal minerals, being  formed  by  theirdocomposition. 
With  oxygen  &m\  cobalt,  it  forms  cobalt  bloom  or 
arsenate  of  cobalt;  it  also  occurs  as  arsenates  of 
iron,  copper,  and  lead. 

Pr<,7->am<(0);.- -Metallic  arsenic  is  used  only 
to  a  small  extent  in  commerce.  It  is  usually 
prepared  from  native  arsenic,  arsenical  iron  or 
mibpickel,  the  latter  being  the  only  mineral 
used  to  any  extent  m  England.  The  mineral 
used  is  heated  in  earthenware  retorts  or  tubes 
laid  horizontally  in  a  long  furnace.  Great  care 
is  re<iuired  in  manufactuiing  the  retorts;  a 
mixture  of  1  part  fresh  clay  and  2  parts  bricks 
or  old  retorts  powdered,  is  made  into  the  proper 
form,  coated  with  a  mixtuie  of  blood,  loam, 
forge-scales  and  alum  to  produce  the  glaze,  and 
burned.  They  are  very  strong  and  heat-resist- 
ing, and  quite  impervious  to  the  vapour  of 
arsenic.  A  piece  of  thin  iron  sheet  is  rolled  and 
inserted  into  the  mouth  of  the  retort  and  an 
earthen  receiver  luted  on.  On  distilling,  most 
of  the  arsenic  condenses  in  the  iron  as  a  nearly 
white,  coherent,  internally  crystalline  mass,  and 
is  detached  on  cooling  by  unrolling  the  iron. 
If  required,  the  arsenic  is  purified  by  redistilla- 
tion. 

At  Altenberg  in  Silesia,  arsenious  oxide  is 
heated  with  charcoal  in  an  earthen  crucible 
covered  with  an  inverted  crucible  or  conical  iron 
cap.  This  method  is  more  economical  and  pro- 
ductive than  the  one  above  described,  but  the 
metal  is  grey  and  pulverulent,  and  always  con- 
tains arsenious  acid. 

It  may  also  be  prepared  by  heating  the 
sulphides  with  charcoal  and  sodium  carbonate 
or  potassium  cyanide. 

Properties. — Arsenic  is  a  very  brittle  steel 
grey  metalline  mass  of  sp.gr.  5'G2  to  5-'J(),  of 
brilliant  lustre,  crystallising  in  rhombohedra, 
isomorphous  with  metallic  antimony.  It  is  a 
good  conductor  of  electricity,  and  is  odourless 
and  tasteless. 

It  is  volatile  at  temperatures  above  100°,  and 
is  rapidly  vaporised  at  a  dull  red  heat.  At  the 
ordinary  pressure  it  volatilises  without  previous 
fusion,  the  vapour  being  yellow  and  of  a  garlic 
smell,  but  when  heated  under  pressure  it  melts 
at  500°C.  (Landolt).  Joubert  states  that  above 
200°C.  its  vapour  is  phosphorescent  (C.  R.  78, 
185;;). 

When  the  vapour  is  condensed  at  a  tempera- 
ture but  little  below  the  volatilising  point,  i.e. 
when  condensed  in  an  atmosphere  of  arsenic,  a 
nearly  white  compact  mass  of  strongly  metallic 
lustre  is  produced  which  scarcely  oxidises  in  the 
air  even  when  heated  to  80°C.  When  it  is  de- 
posited on  a  colder  surface  or  in  an  atmosphere 
other  than  arsenic,  it  forms  less  dense,  dark-grey 
crystals  which  readily  oxidise  in  the  air  even  in 
the  cold,  and  especially  on  heating. 

Ludwig  (Ar.  Ph. '[2]  97,  23)  has  obtained 
ai'senic  (?)  with  a  perfectly  bright  suii'ace  resem- 
bling freshly  granulated  zinc,  and  of  the  low 
density  .5-305,  by  distilling  in  a  tube  with  a  small 
quantity  of  iodine. 

When  heated  in  air  it  absorbs  oxygen,  burn- 
ing with  a  bluish  flame  and  forming  arsenious 
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oxide.  In  pure  wafer  it  is  unallcred,  but  when 
exposed  to  air  it  forms  a  grey  powder  supposed 
by  some  to  be  a  suboxide,  but  probably  a  mix- 
ture of  metallic  arsenic  and  arsenious  oxule ; 
this  powder  is  sold  as  '  fly-powder.'  When  pow- 
dered and  thrown  into  chlorine  it  ignites,  forming 
the  trichloride  ;  with  the  aid  of  heat  it  combines 
with  bromine,  iodine,  and  sulphur.  Hydro- 
chloric acid  has  but  little  action  on  arsenic, 
but  it  is  rapidly  dissolved  bv  nitric  acid,  aqra 
regia  or  by  a  mixture  of  hydrochloric  acid  and 
potassium  chlorate. 

When  deflagrated  with  nitre  it  forms  potas- 
sium arsenate. 

Bettendorf  (A.  144,  110)  has  obtained  a 
specular,  amorphous,  vitreous  arpenic  of  sp.gr. 
4'G9-4'71()  by  subliming  arsenic  in  a  stream  of 
hydrogen  and  condensing  it  at  210^  220'C. 
At  BGO°C.  it  is  converted  into  the  crystalline 
form  with  the  evolution  of  considerable  heat, 
and  when  heated  suddenly  it  hisses  and  gives  off 
vapour  whilst  transfoiniing. 

Arsenic  is  a  constituent  of  many  alloys  ;  it 
is  used  for  bronzing  brass  and  for  the  manufac- 
ture of  opal  glass,  and  it  is  burned  in  oxygen 
gas  as  a  signal  li^ht  for  trigonometrical  surveys. 

(For  the  distribution  of  arsenic  in  commer- 
cial products  V.  Aiseiiioiis  oxide.) 

Detection.  —  Arsenical  compounds,  when  heated 
on  charcoal,  give  off  the  characteristic  garlic 
odour  and  white  fumes  of  the  oxide,  with  a  white 
incrustation  on  the  charcoal  some  distance  from 
the  assay.  Metallic  arsenic,  and  many  arsenical 
minerals,  such  as  mispickel,  when  heated  in  a 
tube  closed  at  one  end  form  a  blackish,  shining 
metallic  ring  on  the  cooler  portion  of  the  tube  ; 
if  heated  in  a  tube  open  at  both  ends  the  arsenic 
is  oxidised  and  condenses  in  a  ring  of  white 
octahedral  crystals,  their  shape  being  plainly 
visible  under  a  lens.  On  cutting  off  the  closed 
end  of  the  tube  containing  the  metallic  mirrcn' 
and  heating,  it  is  also  converted  into  the  white 
ring  higher  up  the  tube.  The  white  crystals 
dissolve  in  boiling  water,  and  the  solution  shows 
the  usual  tests  for  arsenic.  Antimony  under 
like  circumstances  would  produce  a  white  ring, 
which,  however,  is  not  crystalling',  and  is  not 
soluble  in  water.  Oxides  of  arsenic  require 
to  be  mixed  with  charcoal  before  they  pro- 
duce the  black  mirror.  Sulphides  require  the 
addition  of  alkaline  carbonate  or  potassium 
cyanide,  or  they  may  be  heated  with  baryta  alone 
(Brame). 

White  arsenic  when  heated  with  about  3 
parts  of  sodium  acetate,  gives  the  offensive  odour 
of  kakodyl. 

In  solution  the  reactions  of  the  two  series  of 
compounds,  the  arsenious  and  tlie  arsenic,  differ 
considerably;  generally  speaking,  arsenic  com- 
pounds may  be  converted  into  the  arsenious 
form  by  heating  with  sulphurous  acid  or  with 
a  sulphite. 

J^einseh's  test.  If  a  piece  of  clean  metr.llic 
copper  is  immersed  in  a  solution  of  arserious 
acid  or  an  arsenious  compound  acidulated  with 
pure  hydrochloric  acid,  it  is  coated  with  a  grey 
lilm,  which  is  probably  an  arsenide  of  copper. 
The  action  proceeds  better  at  the  boiling  tem- 
perature. The  acid  must  be  first  tested  in  the 
same  manner  to  insure  the  absence  of  arsenic, 
which  is  always  present  in  the  commercial  acid. 
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The  metal  is  washed,  dried  gently  and  heated  j 
in  a  tube,  when  the  arsenic  becomes  oxidised 
and  forms  a  crijstidline  ring  on  the  colder  part 
of  the  tube.  A  film  due  to  antimony,  as  men- 
tioned before,  would  not  produce  a  crystalline 
ring. 

Tills  method  is  used  in  testing  for  and  re- 
moving arsenic  from  hydrochloric  acid,  and  in 
toxicology  ;  by  it  1  part  of  arsenic  can  be  de- 
tected in  250,000  parts  of  solution. 

When  hydrogen  is  generated  in  a  licjuid  con- 
taining an  arseaious  compound,  the  arsenic  com- 
bines with  it  and  passes  off  as  the  gaseous 
hydride  ;  many  very  delicate  tests  are  based  on 
this  reaction. 

(1)  Bleitmanii's  test.  The  solution  is  mixed 
with  excess  of  caustic  potash,  a  piece  of  pure 
zinc,  or  of  magnesium,  or  aluminium  foil  in- 
serted, and  the  solution  heated.  A.  piece  of  filter 
paper  moistened  with  silver  nitrate  is  held  over 
the  mouth  of  the  tube.  In  presence  of  arsenic, 
arseuiuretted  hydrogen  is  produced  and  reduces 
the  silver  on  the  paper  forming  a  greyish  or 
purplish  colour.  Antimony  is  not  evolved  in 
tills  test.  Fleitmanu's  test  is  therefore  a  ready 
means  of  .finding  arsenic  in  presence  of  anti- 
mony ;  it  is  not,  however,  so  delicate  asEeinsch's 
or  Marsh's  method. 

(2)  Marah's  test.  This  or  Keinsch's  test  is 
usually  used  in  toxicology.  The  solution  is 
acidulated  with  pure  hydrochloric  acid  and  in- 
troduced into  an  apparatus  in  which  hydrogen  is 
generated  by  means  of  pure  sulphuric  acid  and  zinc. 
Arsenic  hydride  is  formed  and  is  passed  through 
a  narrow  glass  tube,  which  is  heated  at  one  spot 
by  a  lamp  ;  the  arseniuretted  hydrogen  as  it 
passes  over  the  heated  portion  is  decomposed 
with  the  precipitation  of  arsenic  as  a  black  ring. 
In  testing  for  very  small  quantities  of  arsenic, 
the  action  should  be  continued  for  about  an  hour. 
A  blank  experiment  should  always  be  performed 
in  the  same  manner  to  insure  the  purity  of  the 
zinc  and  acid.  On  the  presence  of  arsenic  in 
glass  as  a  source  of  error  in  the  detection  of 
arsenic,  v.  W.  Fresenius,  Fr.  22,  397  ;  B.  17, 
2038.  Instead  of  heating  the  tube  the  gas  may 
be  ignited  at  the  mouth  of  the  tube,  and  the 
flame  caused  to  impinge  on  a  cold  surface  of 
porcelain,  or  preferably  of  platinum  foil.  The 
arsenic  film  may  be  distinguished  from  that  pro- 
duced by  antimony  as  follows  :  -  (1)  The  arsenic 
film  is  quickly  evaporated,  while  that  of  anti- 
mony only  slowly  disappears.  Helling  (Das 
Microscop  in  der  Toxicologie)  recommends  that 
small  spots  be  heated  and  tlie  vapour  re- 
ceived on  a  slip  of  glass,  when,  under  the  mi- 
croscope, the  octaliedral  crystals  due  to  arsenic 
are  visible. 

(2)  Tlie  arsenic  film  quickly  dissolves  in  a 
solution  of  sodium  hvpoclilorite ;  the  antimony 
film  is  very  slowly  soluble. 

(3)  The  antimony  film  dissolves  quickly  in 
yellow  ammonium  sulphide,  leaving  an  orange- 
yellow  residue  on  evaporation  ;  tlie  arsenic  film 
dissolves  very  slowly. 

Magnesium  may  also  be  employed  in  place  of 
zinc,  and  E.  Davy  and  k\.  Jandrousch  use  an 
amalgam  of  1  part  sodium  in  8  jjarts  mercury, 
with  or  without  acid. 

The  presence  of  nitrates  or  uiUic  acid  inter- 


feres with  this  test,  and  the  acids  used  should 
be  dilute. 

Bloxam  (C.  J.  13, 14)  describes  an  electrolytic 
method  which  is  very  delicate ;  „  grain  of 
arsenic  may  be  detected  in  a  large  volume  of 
liquid.  It  has  not  been  largely  used,  but  it 
possesses  advantages  over  other  methods.  (1) 
only  one  substance  is  used  which  might  contain 
arsenic  ;  (2)  the  other  bodies  in  solution  remain 
behind  either  precipitated  on  the  platinum  pole 
or  in  solution,  without  admixture  with  inter- 
fering substances,  and  may  be  examined;  (3) 
the  film  produced  contains  no  antimony. 

The  bottom  is  cut  from  a  two-ounce  narrow- 
mouthed  bottle  and  replaced  by  vegetable  parch- 
ment, tightly  stretched  with  a  piece  of  platinum 
wire  (any  organic  ligature  would  soon  be  de- 
stroyed). Tlirougli  the  cork  is  passed  a  funnel 
tube,  a  delivery  tube  connected  by  iudiarubber 
tubing  to  the  reduction  tube,  and  a  platinum 
wire  terminating  in  a  negative  pole  of  platinum. 
The  bottle  is  placed  in  a  glass  vessel  of  slightly 
greater  diameter  and  an  ounce  of  pure  sulphuric 
acid  (1  part  acid  to  4  parts  water)  poured  into 
the  outer  and  inner  vessels,  so  that  the  level 
shall  be  equal  in  each.  The  positive  platinum 
pole  is  placed  in  the  outer  vessel.  A  current 
from  six  Grove's  cells  is  passed  through  the 
solutions,  and  when  the  vessel  is  tilled  with 
hydrogen  the  reduction  tube  is  heated  for  about 
30  minutes  while  the  gas  passes  through.  If  no 
ring  appears  the  acid  is  free  from  arsenic,  and 
the  solution  to  be  tested  is  passed  through  the 
funnel  tube  followed  by  a  drachm  of  alcohol  to 
prevent  frothing.  The  action  should  be  con- 
tinued for  30  minutes  before  the  absence  of 
arsenic  is  considered  proved. 

The  addition  of  a  little  sulphuretted  hydro- 
gen solution  to  the  mixture  prevents  the  possi- 
bility of  antimony  being  present  in  the  mirror. 
When  the  liquid  to  be  examined  is  mixed  with 
a  large  quantity  of  organic  matter,  as  is  fre- 
quently the  case,  it  should  be  boiled  with  dilute 
hydrochloric  acid  (]  to  6)  till  the  organic 
matter  is  disintegrated,  when  the  liquid  is 
strained  through  muslin.  Or  potassium  chlor- 
ate may  be  added  in  small  portions  until  the 
organic  matter  is  oxidised,  (ireat  care  must  be 
used  in  ascertaining  that  the  acid  and  ewn  the 
potassium  chlorate  are  free  from  arsenic.  Tire 
organic  matter  may  also  be  separated  by  Gra- 
ham's diffusion  method. 

If  ammonia  is  added  to  a  solution  of 
copper  sulphate  till  a  slight  precipitate  remains, 
the  mixture  produces  a  green  precipitate  of 
Scheele's  green  with  an  arsenious  compound. 
Silver  nitrate  treated  with  ammonia  in  the  same 
manner  gives  a  canary-yellow  precipitate  with 
arsenious  compounds. 

Estimation.  — Avsenic  is  usually  estimated 
as  (1)  magnesium  pyro-arsenate,  or  (2)  as  arsenic 
sul])liide. 

(1)  For  this  method  it  is  neoessary  that  the 
substance  sliould  be  present  as  an  arsenic  com- 
pound. The  conversion  from  the  arsenious 
to  the  arsenic  condition  may  he  effected  by 
heating  with  nitric  acid  (v.  estimation  as  sulph- 
ide) or  with  hydrochloric  acid  and  potassium 
chlorate. 

The  acid  solution,  which  should  occupy  only 
a  small  bulk,  is  mixed  with  '  magnesia  mix- 


turo'  and  rendored  Ktm-ii;iJij  alkaline  with  am- 
monia. After  standing  for  21  hours  the  solution 
is  filtered,  the  last  portions  of  tlie  precipitate, 
which  consists  of  ammonium  magnesium  arsen- 
ate, being  washed  entirely  on  to  the  filter  paper 
with  a  little  of  the  filtrate  (the  volume  of  this 
filtrate  should  be  noted  roughly).  The  preci- 
pitate is  then  washed  with  a  mixture  of  1  part 
strong  ammonia  and  3  parts  water,  until  only  a 
slight  opalescence  is  produced  on  the  addition 
of  nitric  acid  and  silver  nitrate  to  a  few 
drops  of  the  washings.  It  is  then  dried,  dc- 
ta"l>ed  as  much  as  possible  from  the  filter  pape", 
an<l  transferred  to  a  weighed  porcelain  crucible, 
moistened  with  nitric  acid,  dried  and  ignited,  at 
first  gently,  and  finally  to  bright  redness.  Tiio 
jaaper  is  moistened  with  nitric  acid,  dried  and 
ignited  on  the  lid,  and  the  crucib'e  and  its 
contents  weighed.  The  ignited  residue  consists 
of  magnesium  pyro-arsenatc  Mg^As^O.,  and  con- 
tains ■IS  '2'.)  p  c.  of  arsenic. 

On  account  of  the  solubility  of  the  ammonium 
ningnesium  arsenate,  an  addition  should  be 
made  to  the  weight  obtained  of  O'UOl  gram  for 
each  10  c.c.  of  filtrate  obtained,  not  counting  tlie 
washings. 

('2)  Tlie  arsenic  for  this  method  should  be 
in  the  arsenious  form.  If  arsenic  compounds 
are  present,  they  are  preferably  leilueed  by  pass- 
ing a  current  of  sulphurous  acid  through  the 
liquid,  the  excess  of  that  gas  being  driven  off  by 
subseijuent  heating.  Sulphuretted  hydrogen  is 
then  passed  througli  the  liquid  until  thoroughly 
saturated,  the  liquid  left  to  stand  for  some  time, 
the  excess  of  sulijhuretted  hydrogen  driven 
off  by  heating,  and  the  precipitated  arsenious 
sulphide  containing  -  sulphur  filtered  ott'.  The 
sulphide  is  dissolved  in  ammonia,  filtered  if 
necessary,  and  the  arsenic  estimated  in  the  solu- 
tion by  one  of  the  three  following  methods  :  — 

(a)  The  solution  is  evaporated  to  dryness  in 
a  porcelain  dish,  then  covered  with  an  inverted 
funnel,  and  fuming  nitric  acid  added.  After  the 
lirst  violent  action  has  ceased,  the  liquid  is 
heated  on  a  water-bath  until  the  whole  of  the 
sulphur  has  disappeared  and  only  a  small  hulk 
of  liquid  remains  ;  '  magnesia  mixture  '  is  then 
added,  followed  by  excess  of  annnonio,  and  the 
proje^s  followed  as  already  descyibed. 

(b)  The  ammoniacal  solution  is  evaporated 
to  dryness  in  a  porcelain  dish,  and  heated  on  a 
sand-bath  to  drive  olJ  the  whole  of  the  free 
sulphur  and  carbonise  any  organic  matter 
(which  is  frequently  present  in  toxicologieal 
analysis)  without  vohitilising  any  of  the  arseni- 
ous sulphide.  The  residue  is  again  dissolved  in 
ammonia,  filtered  if  necessary,  evaporated  to 
dryness  and  gently  heated  in  a  weighed  porce- 
lain dish,  and  weighed  as  arsenious  sulphide 
As  S.,  (IMohr,  Chem.  Toxicologic,  oG). 

(e)  The  arsenic  in  the  solution  may  be 
estimated  by  means  of  standard  ioiline  solution 
(Champion  and  Pellet,  Bl.  [2;  2(j,  .")41). 

Separation  from  other  metals.  —  Certain 
lieavy  metals,  if  present,  would  be  precipitated 
with  the  arsenious  sulphide  by  means  of  sul- 
phuretted hydrogen.  From  the  sulphides  of 
lead,  bismuth,  itc,  the  arsenious  sulphide  can 
be  dissolved  by  digestion  in  ammonium  sul- 
phide. The  solution  would  also  contain  anti- 
mony and  tin,  if  present.    The  separation  of 


arsenic  from  these  two  metals  may  be  performed 
as  follows  : 

From  antimony.  Tlie  mixed  sulphides  are 
oxidised  with  aqua  rer/ia,  as  already  describsd, 
and  tartaric  acid  solution  added,  followed  by  ex- 
cess of  ammonium  chloride  and  ammonia.  The 
latter  should  produce  no  opalescence.  If  a  pre- 
cipitate is  produced  a  further  quantity  of  tartaric 
acid  or  ammonium  chloride  must  be  added. 
The  solution  is  then  precipitated  by  '  magnesia 
mixture,'  and  the  estimation  made  as  before  de- 
scribed. 

From  till.  A  solution  of  oxalic  acid  is 
added  to  the  solution  in  the  proportion  of  20 
grams  of  oxalic  acid  for  each,  gram  of  tin  sup- 
posed to  be  present.  The  solution  should  be 
sufficiently  strong  for  the  acid  to  crystallise  out 
on  cooling.  The  liipiid  is  heated  to  boiling  and 
sulphuretted  hydrogen  passed  through  for  20 
minutes.  The  liquid  is  allowed  to  stand  for 
about  30  minutes,  and  the  arsenious  sulphide 
filtered  off.    It  is  quite  free  from  tin. 

For  the  estimation  of  arsenic  in  ores,  Parnell 
recommends  the  fol'owing  method  : — A  weighed 
quantity  of  the  finely  poivdercd  ore  is  heated  to 
about  200°C.  in  a  slow  current  of  chlorine  gas, 
the  volatilised  aisenious  chloride  being  absorbed 
in  a  solution  of  chlorine  water.  After  evapora- 
tion of  the  excess  of  chlorine,  the  arsenic  may 
be  estimated  by  any  ordinary  method.  Anti- 
mony, if  present  in  the  ore,  would  also  volatilise 
with  the  arsenic. 

Alloys  of  arsenic. 

Arsenic  cuiiibints  with  most  metals,  in  many 
cases  in  atomic  proportions,  the  alloys  being 
then  known  as  arsenides.  Many  natural  arsenides 
occur  as  minerals. 

The  alloys  may  be  prepared  (1)  by  fusing 
the  metals  under  a  layer  of  borax,  or  in  an  atmo- 
sphere of  some  inert  g-is;  (2)  by  reducing  the 
arsenite  or  arsenate  of  the  metal  with  potassirmi 
cyanide;  and  (8)  in  some  cases — as  with  gold, 
silver,  and  copper — by  placing  arsenic  in  a  solu- 
tion of  a  metallic  salt.  W.  Spring  (B.  1(5,  324), 
has  obtained  crystal  ine  alloys  of  arsenic  with 
other  meta's  by  repeatedly  compressing  a. 
mixture  cf  the  constituents  at  0,500  atiiiq- 
spheres. 

When  heated  out  of  contact  with  air,  arseni- 
cal alloys  usually  lose  a  pjrtion  of  their  nrseu'C  ; 
heated  in  air  the  arsenic  is  oxidised,  a  portion 
volatilising,  and  the  remainder  forming  an  ar: 
senite  or  ai'senate  of  the  metal.  When  heated 
with  nitre,  arsenates  are  produced.  (For  a  list 
of  alloys  of  arsenic  in  atomic  proportions,  pro- 
bably existing  as  arsenides,  v.  A.  Deschamps, 
C.  11.  680,  1022  and  1005.)  Some  a.icient 
copper  spear  heads  from  Cyprus  contained 
1-3-18  p.c.  arsenic,  and  a  bronze  figure  of 
the  Ptolemaic  period  from  Egypt  contained 
1- 170  p.c. 

The  presence  of  arsenic  generally  renders 
an  alloy  more  brittle,  more  fusible,  and  brighter. 
In  Pattinson's  process  it  tends  to  I'ender  the 
crystals  smaller  and  thus  lengthens  the  time 
required  for  draining.  Its  alloys  with  iron,  zii.c, 
and  tin  are  brittle;  with  gold  and  silver,  brittle, 
grey  ;  and  with  lead  aird  antimony,  hard,  brittle, 
and  very  fusible.  The  addition  of  from  3  to  6 
parts  arsenic  to  1,000  lead  ^wlth  occasiona'ly  a 
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little  copper)  causes  the  small  shot  in  falling 
down  the  tower  to  form  spheres,  instead  of 
elongating,  as  they  have  otherwise  a  tendency 
to  do.  The  arsenic  is  fretjuenlly  added  in  the 
pioper  proportions  in  the  form  of  an  alloy  of 
lead  and  arsenic  known  as  '  temper  ; '  this  is 
prepared  by  fusing  together  arsenious  oxide  and 
lead.  By  heating  a  mixture  of  lead  and  arsenic 
to  whiteness,  liertliier  obtained  an  alloy  of 
the  formula  Pb,As,  any  excess  of  arsenic  be- 
yond that  corresponding  to  this  formula  being 
volatilised  at  that  temperature  With  coppar 
it  forms  white,  malleable,  dense,  and  fusible 
alloys.  White  copper  contains  about  10  p.c. 
arsenic.    Arsenic  is  also  used  in  speculum  mctj,l 


and  is  frequently  present  in  common  Britannia 
metal. 

With  potassium  and  sodium  arsenic  forms 
alloys  which  evolve  arseniuretted  hydrogen  wiien 
placed  in  water.  With  platinum  it  forms  a 
fusible  alloy,  and  was  formerly  used  to  facilitate 
the  working  of  that  metal. 

Arsenic  trihydride.  Arscnctted  or  aiscni- 
w-etU'd  hydro jcn.  Amine.  AsH,.  This  gas  is 
formed  whenever  hydrogen  is  liberated  in  a 
solution  containing  arsenious  acid  or  an  arsenite, 
as  when  zinc  is  introduced  into  an  acid  solution 
of  the  substance.  It  is  a  colourless,  neutral, 
disagreeably  smelling  gas,  slightly  soluble  in 
water,  and  higiily  poisonous,  even  wiien  much 


Fig.  1. 


diluted.  At  a  red  heat  it  decomposes  into  arsenic 
and  hydrogen. 

It  is  evolved  in  the  bronzing  of  brass  with 
arsenic,  in  tinning  sheet  iron  and  frequently  in 
tlie  desilverisation  of  lead  with  zinc  and  subse- 
quent heating  of  the  argentiferous  zinc  with 
acid.  It  is  also  occasionally  present  in  the  air 
of  rooms  of  which  the  wall-paper  is  coloured 
with  arsenical  pigments  {v.  Schweinftirth  green). 
It  is  a  very  powerful  reducing  agent,  precipita- 
ting silver,  g  )ld,  and  other  metals  from  their 
solutions.  IVlctliods  for  the  quantitative  estima- 
tion of  arsenic  are  based  on  this  jjroperty. 

A  solid  hydride  of  arsenic  appears  to  exist. 

Arseaious  oxide.  Arseniuiis  acid.  White 
arsenic.  Fluti'crs  of  artscnic ;  commonly  known 
us  '  arsenic'  As,0^. 


Preparation. — In  Cornwall,  Devon,  and  at 
Swansea,  arsenious  oxide  is  principally  prepared 
by  roasting  mispickel,  which  occurs  mixed  with 
iron  and  copper  pyrites,  tin  ore,  wolfram,  blende, 
galena,  &c.  These  ores,  if  present  in  sullicient 
(]uantity,  are  separated  as  far  as  possible  before 
roasting  ;  tinstone  by  washing  the  finely  pow- 
dered ore,  and  the  oilier  minerals  by  hand. 
Arsenious  oxide  is  also  largely  prepared  by 
roasting  arsenical  silver  at  Andreasberg,  and 
from  arsenical  ores  of  nickel  and  cobalt. 

In  ores  from  which  arsenic  is  produced  as  a 
principal  product,  the  arsenical  pyrites  generally 
occurs  to  the  amount  of  about  12  p.c. 

The  ores  are  usually  roasted  in  a  reverbe- 
ratory  furnace.  In  a  common  form,  the  furnace 
bed  is  Hat,  12  to  15  ft.  long  and  7  to  'J  it.  wide 
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in  the  niiiUlle  ;  tlic  arch  is  abdut  2  It.  aliove  tho 
bed,  ami  sinks  gradually  towards  the  Hue,  at 
which  end  there  is  an  iron  door,  through  which 
the  ore  is  raked  (tig.  1). 

From  8  to  15  cwt.  of  the  stamped  dried  ore 
is  introduced  through  a  hopper  over  the  centre 
of  the  firebridge  and  spread  over  the  furnace 
bed.  Tlie  heat  is  raised  to  dull  redness  and  the 
ore  is  freiiuently  stirred  to  ensure  thorough  oxi- 


dation of  the  arsenic  and  sulpliur.  In  about  10 
hours  these  have  been  expelled  as  o.xides,  and 
the  arsenious  oxide  together  with  some  of  the 
sulphur  collects  in  the  tiues.  The  spent  ere 
is  removed  through  an  aperture  in  the  bed 
which  is  closed  with  an  iron  door  during  calci- 
nation. 

Two  such  furnaces  are  sometimes  built  side 
by  side,  separated  by  a  wall,  and  with  their  Hues 


Tig.  2. 


uniting.  The  furnace  beds  slope  gently  towards 
a  narrow  fireplace.  In  the  first  instance  the  ore 
is  introduced  through  a  number  of  doors  on 
each  side  of  the  furnace.  As  the  ore  is  worked 
downwards  its  place  is  constantly  supplied  by 
fresh  ore  through  an  opening  in  the  roof. 

BrKiiton's  Calcinnr  is  much  used  in  Corn- 
wall. It  is  practically  a  reverberatory  furnace 
with  a  revolving  bed.  The  bed  is  of  fire- 
brick resting  on  a  cast-iron  table,  and  is  higher 
ut  tlic  centre  than  at  the  periphery.     It  is 


usually  8  or  10  ft.  in  diameter;  it  revolves  three 
or  four  times  in  an  hour  by  steam  or  water 
power,  about  half  horse  jjower  being  required. 
There  are  two  furnaces  on  opposite  sides  of  tlie 
bed  (fig.  2). 

The  dried  and  finely  stamped  ore  is  intro- 
duced through  a  hopper  over  the  centre  of  the 
bed.  Above  tlie  bed  are  fixed  radially  three  cast- 
iron  frames  in  which  are  fastened  a  number  of 
equidistant  iron  scrapers  shaped  like  the  couHer 
of  a  plou;jli  and  placed  obliquely,  so  that,  as  ihc 
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1)0(1  revolves  they  turn  the  ore  over  and  outwards  j 
towards  the  periphery  of  the  beJ.    It  is  thus  | 


thoron;,'lily  roasted  and,  on  reaching  the  edge, 
falls  into  a  chamber  beneath. 


j  O.dand  and  IlocJdur/'s  Patent  Calchier 
I  (English  Pat.  1868,  2,950)  is  largely  used,  espe- 
cially for  '  rank  '  ores  (figs.  8  and  4).  It  consists 
of  a  wronght-iron  cylinder,  which,  if  .S2  ft.  in 
length,  is  lined  with  sutlicient  firebrick  to  leave 
4  ft.  clrar  internal  diameter.  Four  longitudinal 
rib.^  of  firebrick  occur  within  the  furnace,  leaving 
sutficient  space  at  the  upper  end  for  the  con- 
tinuous supply  of  the  ore.  The  cylinder  is 
generally  mounted  in  an  inclined  position, 
usually  the  slope  being  ^  to  1  inch  per  foot,  and 
is  turned  by  means  of  a  turbine  or  water-wheel 
once  in  8  or  10  minutes  upon  friction-wheels. 

The  dried,  finely  powdered  ore  is  introduced 
through  an  archimedean  screw,  or  from  a  hopper 
at  the  upper  end,  and  in  the  revolution  of  the 
tube  becomes  lifted  to  a  certain  height  by  the 
ribs  of  lirebrick,  and  falls  in  a  fine  stream 
through  tlifi  hot  blast.  In  a  few  revolutions  the 
ore  is  completely  oxidised,  tlie  arsenic  burning 
off  first,  and  finally  reaches  the  i.i\ver  end  of  the 
tube  where  it  falls  through  a  chamber  beneath. 
A  calciner  of  the  above  size  will  roast  6  or  7 
tons  of  ore  in  24  hours.  In  this  furnace  the 
amount  of  air  reijuired  is  minimised,  thus  ren- 
dering t  le  condensation  less  difiicult.  The 
amount  of  fuel  used  is  also  small  (v.  further, 
Henderson,  Proc.  Eoy.  Inst.  Mechl.  Engineers, 
187;!). 

A  modification  of  this  furnace  has  recently 
been  patented  by  E.  and  C.  Oxland  (Eng.  Pat. 
1885,  No.  7,285).  It  is  so  arranged  that  the 
products  shall  pass  into  the  condensing  cham- 
bers unmixed  with  other  gases.  At  the  lower 
end  of  the  rotating  tube  is  a  cast-iron  prolonga- 
tion, heated  externally  by  a  grate  and  a  system 
of  fiues  surrounding  it.  At  the  end  of  the  pro- 
longation is  a  door  for  removing  the  calcined 
products  and  a  regulator  for  admitting  the  re- 
quired amount  of  air. 

At  the  Devon  Great  Consols,  both  Brunton's 
calciner  and  0-xland  and  Hocking's  calciner  are 
used. 

Roasting  in  muffle  furnaces. — This  process 
is  used  at  Altenberg  (figs.  5,  6,  and  7)  and  at 
Reichenstein  in  Silesia  (figs.  8  and  9),  where; 
wood  is  cheap. 

The  ore,  reduced  to  a  moderate  size  and 
known  as  schlcicli,  is  introduced  through  an 
opening  in  the  top  in  charges  of  f.bout  10  cwts. 
and  sprea  i  2  or  3  inches  thick  on  the  floor  of 
the  muffle.  It  is  first  heated  to  redness,  and 
then  more  gently,  with  the  muffle  door  open,  to 
oxidise  the  ma^s  thoroughly  before  sublimation. 
The  operation  is  completed  in  11  or  12  hours. 

Condensation  of  tJic  oxide. — The  vapours 
passing  off  in  the  roasting  are  carried  through 
chambers  so  arranged  that  the  gases  come  in 
contact  with  a  very  large  condensing  surface 
passing  through  a  series  of  chambers  before 
escaping  into  the  air.  At  the  Devon  Great 
Consols  and  other  large  works,  the  chambers 
are  made  of  thin  brickwork  covered  with  iron 
"olates  to  assist  the  cooling  of  the  gaseous  oxide, 
"he  ores,  before  calcination,  are  dried  over  iron 
plates  on  ihe  condensers. 

These  chambers  are  cleared  at  intervals, 
some  every  fortnight,  those  at  Silesia  once  in 
two  months.  Two  sets  of  chambers  are  fre- 
quently used,  so  that  one  set  may  be  worknig 
j  while  the  other  is  being  cleared. 


ARSENIC. 


109 


The  o\i<le  iii'oJuccd  by  all  processes  except 
that  of  the  muffle  is  known  as  '  arsenical  soot ' 
and  is  impure,  containing  carbon  and  sulphur 
compounds;  when  so  mixed  it  is  oi  a  dark-grey 
colour  and  requires  to  be  resublimed. 

The  condensing  chambers  connected  with 
tlie  muffles  in  Silesia — are  in  a  lofty  building 
called  the  '  poisoir  tower '  (Gifltliiirmc).  The 
gases  traverse,  by  a  sinuous  course,  a  series  of 
chambers,  depositing  the  finest  isroduct  in  the 
lower  ones,  that  in  the  upper  chambers  contain- 
ing sulphur.  The  chambers  ai'e  cleared  about 
every  two  months,  and  contain  about  25  tons 
of  white  arsenic  ('poison  flour'  or  Giftmchl). 
Being  comparatively  pure,  it  does  not  usually 
require  relining,  but  may  be  at  once  converted 
into  arsenical  glass.    The  workmen  engaged  in 


cliaring  the  chambers  are  clothed  in  leathern 
garments  with  glazed  apertures  for  the  eyes, 
and  wear  wet  cloths  over  their  mouths  and 
noses  to  absorb  the  irritating  fmnes.  It  is 
stated  ai,  Sal/.burg  that  only  '  arsenic  eaters  ' 
can  perform  this  work  continuouslj'. 

Kcjining  or  rcsiibliinatioii.-  For  this  purpose 
a  reverberatory  furnace  is  used,  which  is  usually 
much  shorter  than  that  in  whicii  the  calcination 
is  performed.  The  arsenical  soot  is  charged 
from  the  top  and  paddled  down  through  doors 
at  the  side,  ninre  being  added  as  it  sublimes. 
The  fuel  used  is  smokeless,  usually  a  mixture 
of  anthracite  and  coke. 

The  sublimate  is  collected  in  chambers  simi- 
lar to  those  already  described.  It  is  white, 
[jlisteuiug,  and  minutely  crystalline.  It  is  ground 


Fig.  5. — VERiicAi  Section  of  'Pois  in  Tower.' 


Fig.  6.  — GiiouND  Tlan  of  Fuunace. 


Transverse  Scctiou.  LnriL'ituilinal  Pcotioii. 

Fig.  7.—  Subliming  Furnace. 


between  millstones,  and  is  thence  fed  into  kegs 
from  a  hopper  through  a  leathern  hose  which 
fiistens  to  the  top  of  the  cask  and  prevents  any 
escape  of  the  powder. 

Arsenic  glass,  or  vitreous  white  arsenic,  is 
prepared  by  volatilisation  of  the  powder  under 
slight  pressure.  For  this  purpose,  at  Swansea, 
a  east-iron  pan  is  used  2  ft.  in  diameter  and 
surmounted  by  a  bell  2  ft.  (i  in.  higli.  The 
pan  is  heated  to  a  cherry  red  and  about  I  cwt. 
of  refined  white  arsenic  introduced  through  an 
opening  in  the  top  of  the  bell,  which  is  then 
closed  with  a  plug.  In  about  2  hours  the  whole 
has  evaporated  and  condensed  on  the  bell  as  a 
transparent  glass  ;  more  white  arsenic  is  then 
introduced  and  condensed,  until  after  about  21 


hours  the  glass  has  reached  a  thickness  of  about 
1  inch.  The  later  charges,  owing  to  the  con- 
densing surface  being  hotter,  require  about 
twice  as  long  to  condense  as  the  first. 

At  Silesia  the  subhming  pots  are  deeper 
and  of  greater  capacity  ;  they  are  surmounted 
by  iron  drums  and  conical  caps,  which  condense 
the  'glass'  and  open  into  condensing  chambers. 
The  temperature  is  carefully  regulated.  Tho 
arsenic  glass  produced  amounts  to  about  92  p.c. 
of  the  '  flowers  '  used. 

White  arsenic  is  obtained  in  immense  <iuan- 
titles  in  the  calcination  of  tin  ores  in  Cornwall 
and  Devon.  During  the  ten  years  1877  1888,  of 
a  total  quantity  of  03,338  tons  of  white  arsenic, 
of  the  value  4:30,2o2L,  produced  in  iLe  United 
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Kin;;!lom,  2^,754  tons  of  vcfiiierl  white  arsenic 
j)0\vdei-  were  extracted  by  the  Devon  Great 
Consols  Company  at  Tavistock. 


0 

Hi 

Fig.  9. — Keiciienstein  Furnaces. 


Analyses  of  ars(  nic  jwwder  and  arsenic  glass. 

(1)  Powder  from  Altenburg,  from  the  con- 
denser of  a  tin  loasting  fuinaoe.  near  the  fur- 
nace end  (Lampadius). 

(2)  Do.  from  further  end  of  condenser 
(Lampadius). 

(:■$)  Do.  from  Oberschlema  (Lampadius). 
(4)  Arsenic  glass  from  Andreasberg  (Streng). 

(1)  (2)  (3)  (4) 
Arsenious  oxide  .  90-1  95-85  94-31  98  '2 
Arsenious  sulphide    2  05      0-i!2      l-0.'5  — 

Bismuth        .       .     —        --  0-25   

Sulphur.  .  .  0-73  0-71  OSO  — 
Ore  dust  .  .  5-51  2-05  3  05  — 
i'ume  .  .  .  1-04  0  74  0-16  - 
Ant!monious  oxide .     —       —        —  1-(J8 

Properties  anl  uses  of  arsenious  oxide.— 
White  arsenic  occurs  in  the  amorphous  or  glas.^iy 
form,  and  in  two  crystalline  modifications:  — 
(1)  the  octahedral  or  common  form,  and  (2)  in  tri- 
metric  prisms,  occasionally  found  m  sublimates  ; 
this  form  is  converted  into  the  octahedral  variety 
when  heated  or  boiled  in  water. 

The  amorphous  form  is  transparent  when 
tirst  prepared,  but  becomes  opaque  when  exposed 


to  the  air,  especially  when  damp  diminishing 
slightly  in  specific  gravity  and  forming  the 
crystalline  oxide.  Tue  action  commences  at 
the  outside,  so  that  even  after  a  considerable 
time  a  piece  is  frequently  found  with  a  trans- 
parent nucleus.  The  vitreous  form  may  be  kept 
in  a  sealed  g'ass  tube  unchanged  for  years. 

The  vitreous  form,  according  to  Duchner,  is 
soluble  in  108  parts  of  cold  water,  while  ihe 
opaque  form  requires  355  parts  ;  the  solubility  of 
an  ordinary  piece  is  therefore  doubtful,  depend- 
ing on  the  amount  of  change  it  has  undergone. 
It  is  very  soluble  in  glycerine,  and  is  stated  by 
Jackson  to  form  glijceryl  arsenite  (C.  N.  49,  258). 

On  making  a  strong  solution  of  the  ritreous 
form  in  dilute  hydrochloric  acid  by  d'ssolving 
3  parts  in  a  mixture  of  12  hydrochloric  acid 
and  4  water,  and  slowly  cooling,  it  is  deposited 
in  the  octahedral  form,  each  crystal  as  it  falls 
producing  a  flash  of  light  (H.  Rose).  If  these 
crystals  be  redissolved  or  if  the  opaque  form 
be  used,  no  light  is  produced  on  crystallising, 
that  phenomenon  appearing  to  depend  on  the 
change  of  the  amorphous  into  the  crystalline 
form  at  the  momsnt  of  crystallisation. 

At  about  193^  arsenious  oxide  softens  and 
sublimes  without  fusion  ;  it  fuses  under  pres- 
sure :  its  vapo  ir  is  colourless  and  odourless. 
It  is  acid  to  test  papers,  but  does  not  appear  to 
form  true  arsenious  acid  on  solution  in  water. 

Arsenious  oxide  is  a  powerful  febrifuge,  being 
sometimes  etticacious  when  quinine  has  failed. 
It  is  highly  poisonous,  2  or  3  grains  being  a 
very  dangerous  dose.  When  used  habitually, 
however,  compa"  a  lively  large  quantities  may  be 
taken  with  impunity.  The  inhabitants  of  Styria 
eat  it  under  the  name  of  '  hydrach  '  to  incrc  a  e 
their  endurance.  Many  authentic  cases  are  re- 
corded of  6  grains  and  upwards  being  taken 
without  ill  effect.  Arsenic  eaters  are  stated  to 
be  fresh  complexioned,  with  a  tendency  to  stout- 
ness, to  be  long  lived,  but  to  die  suddenly.  The 
workmen  engaged  in  the  manufacture  of  dyes 
where  arsenic  acid  is  used  have  been  observed 
to  have  this  tendency  to  stoutness  (v.  Roscoe, 
Mem.  of  Lit.  Phil.  Soc.  Manchester,  1800). 
Arsenic  is  frequently  the  cause  of  poisoning. 
In  the  years  1876  to  1880,  in  1,581  cases  of 
poisoning,  07  deaths  were  traced  to  arsenic,  which 
would  correspond  to  about  175  eases,  or  about 
12  p.c.  of  the  whole.  In  cases  of  death  from 
poisoning,  the  greater  part  of  the  arsenic  ap- 
pears to  be  contained  in  the  liver  and  intestines  ; 
of  the  bones,  those  of  the  pelvis  and  neighbour- 
ing vertebne  appear  to  contain  most. 

In  manufactures,  arsenious  oxide  is  used  for 
the  reduction  of  indigo  blue,  and  for  reducing 
nitrobenzene  to  aniline  ;  in  glass-making  to  re- 
move the  colour  produced  by  the  lower  oxides  of 
iron;  in  enamelling;  in  calico-printing  ;  as  a  con- 
stituent of  white  tire  in  pyroteohny ;  for  the 
prevention  of  boiler  incrustations  (40  parts 
white  arsenic  to  9  carbonate  of  soda)  ;  in  the 
manufacture  of  arsenic  acid  ;  and  of  fly  and  rat 
poisons  ;  and  in  the  manufacture  of  a  large 
number  of  pigments,  arsenic  being  found  in 
green,  blue,  pink,  white,  brown,  and  other  colours. 
As  a  preservative  it  is  thrown  into  the  holds  of 
ships  to  prevent  vegetable  decomposition  ;  as  a 
wash  for  walls  in  India  to  pievent  insect  ravages; 
to  prevent  smut  in  wheat;  and  with  carbonate  of 
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so  la  as  a  wash  for  slicep  ;  and  in  arsenical  soap, 
for  preserving  skins. 

Arsenious  oxide  is  etr.ploye'l  in  the  fixation  of 
aniline  colours,  especially  of  aniline  blue.  It  is 
used  principally  for  preparing  steam  colours, 
either  as  a  solution  in  glycerine  containing  4  lbs. 
of  the  oxide  to  1  gallon  of  glycerine,  under  the 
name  '  arsenic  and  glycerine  standard,'  or  as 
sodium  arsenite,  dissolved  in  sodiinn  carbonate 
or  borate.  [ 

In  medicine  it  is  used  as  Fowler's  solution, 
which  contains  4  grains  of  the  oxide  (in  the 
form  of  sodium  arsenite)  in  each  ounce  of  fluid. 
In  India  it  has  been  used  as  a  cure  for  hydro- 
pliobia  and  serpent  poisoning.  In  veterinaiy 
surg;ry  it  is  largely  used  as  a  tonic,  to  eradicate 
worms,  and  for  improving  the  coats  of  horses. 

It  occurs,  either  as  an  impurity  or  as  an 
adulterant  in  a  large  number  of  commercial 
j)roducts.  Besides  the  ordinary  commercial 
compounds  in  which  arsenic  is  expected  to  be 
present,  it  has  been  found  in  caustic  soda, 
potassium  chlorate,  commercial  glucose  (Clouet 
and  Ritter)  and  in  wine  free  from  artiiicial 
colouring  matter  (traced  to  sulphuric  acid  used 
in  purifying  the  casks).  Dr.  Tidy  found  about  j 
88  p.c.  of  arsenious  oxide  in  some  '  violet  powder ' 
which  had  ca"sed  the  de.ith  of  at  least  two 
children  (Lancet,  Aug.  21,  1878). 

For  a  statement  of  the  amount  of  arsenic  in 
the  varieties  of  pyrites,  and  of  its  distribution 
in  the  preparation  of  sulphuric  acid  and  alkali, 
V.  H.  Smith,  P.  M.  14]  44,  870  ;  C.  N.  'ib,  170; 
and  C.  Hjelt,  D.  P.  J.  22i\,  174  181. 

Fresenius  finds  that  the  arsenic  in  many 
chemical  glasses  is  I'e.noved  by  alkaline,  but  not 
by  acid  liquids  ;  the  bearing  of  this  on  judicial 
investigations  is  important. 

The  commercial  article  is  frequently  adul- 
terated with  gypsum,  chalk,  &c.  ;  tliese  may 
easily  be  detected  by  heating  a  little  on  a  knife, 
when  they  will  remain  after  the  oxide  has 
volatilised. 

Sodium  arsunite.  Acid  soiJiiiui  arsenite. 
Na,O.2As,O,.-2H,0 
is  prepared  by  dissolving  arsenious  oxide  in  a 
solution  of  caustic  soda  or  sodium  carbonate, 
.",nd  evaporating  the  solution.  The  ncutial  salt, 
Na_,0. As.O.,,  is  formed  by  boiling  this  compound 
for  some  time  with  sodium  carbonate,  and 
washing  the  residual  salt  with  alcohol  (Pasteur). 

Potassium  arsenite  is  prepared  in  a  similar 
manner. 

Sodium  arsenite  is  used  as  a  substitute  for 
dung  in  dyeing,  but  is  not  so  reliable  as  the 
arsenate.  It  enters  into  the  composition  of  all 
preparations  in  which  arsenious  oxide  ij  dissolved 
with  sodium  carbonate. 

An  arsenite  of  chromium  and  iron  is  used  as 
a  green  pigment  in  wall  papeis. 

Scheele's  Green.  Arsenite  of  copper.  Hijdro- 
cupric  arsenite.  CuHAsO.,. 

According  to  Scheele's  method,  11  oz.  ar- 
senious oxide  are  gradually  added  to  a  solution 
of  2  lbs.  potassium  carbonate  in  10  lbs.  boiling 
water  ;  this  is  filtered  and  poured  into  a  solu- 
tion of  2  lbs.  copper  suliihate  in  30  lbs.  water, 
so  long  as  a  grass-green  precipitate  falls.  The 
precipitate  is  thrown  upon  a  filter  cloth,  washed 
with  warm  water,  and  dried  gently  with  the  pro- 
duction of  about  Ik  lbs.  of  the  pigment. 


Scheele's  green  is  a  pulver;ilent,  fine  light- 
green  colour,  foinie.ly  largely  used  in  calico- 
printing  and  for  wall  papers.  It  is,  however, 
much  less  used  at  the  present  time.  It  dissolves 
entirely  in  excess  of  alkali  and  in  acids. 

Siihweinfurth  green,  Iniperi  d  green.  Eme- 
rald rjreen.  Mitis  green.  Aceto -a  rsenate  of  copper 
(when  mixed  with  gypsum  or  heavy  spar  knowQ 
also  as  Mountain  or  Neuwieder  grten). 

3CuOAs_,0,.Cu.(C_H,0,),. 
Five  parts  of  verdigris  (basic  copper  acetate) 
are  made  into  a  tliin  paste  with  water  and  added 
to  a  boiling  solution  of  rather  more  than  4  parts 
arsenious  oxide  in  W  parts  water  ;  the  solution 
is  kept  boiling  during  the  mixture.  If  a  yellow- 
green  precipitate  falls  a  little  acetic  acid  is  added, 
and  the  solution  boiled  a  tew  minutes  longer  ;  the 
precipitate  becomes  crystalline  and  soon  acquires 
the  characteristic  green  co'oar. 

A  very  fine  product  is  prepare  1  by  the  fol'ow- 
ing  method:  -Boiling,  concentrated  solutious  of 
arsenious  oxide  and  copper  acetate  are  mixe  1  in 
such  proportions  that  equal  weights  of  the  two 
substances  are  present  when  a  bulky  olive-green 
precipitate  falls ;  an  equal  bulk  of  cold  water 
is  then  added  and  the  mixture  placed  in  a 
flask  which  it  fills  to  the  neck,  thus  preventing 
any  pellicle  which  may  form  on  the  surface  from 
falling  tlirough  the  liquid  and  causing  a  prema- 
ture crystallisation.  The  colour  under  tliese 
circumstances  takes  two  or  three  days  to  perfect, 
the  beauty  of  the  product  being  much  increased 
by  slow  formation.  The  workmen  engaged  in 
the  preparation  of  this  pigment  do  not  appear  to 
be  injured  by  it.  In  contact  with  organic  matter 
it  is,  however,  liable  to  change.  Bischoff  (Fr. 
23,  117)  states  that  micro  organisms  and  fungi 
act  on  compounds  of  arsenic,  producing  arsen;- 
nretted  hydrogen,  and  Fleck,  Sonnenschein,  and 
others  have  conclusively  shown  that  this  gas  is 
frequently  present  in  the  air  of  rooms  with 
arsenical  wall-paper.  By  the  action  of  damp 
and  mould  on  paper  coloured  with  this  pigment 
a  peculiar  odour  is  frequently  produced  which 
appears  to  be  due  to  the  foruurtion  of  propionic 
acid. 

Arsenic  oxide.  Arsenic  acid.  Arsenic  pent- 
oxide,  Acide  arsenique,  Arsensii/u c,  Acidnni 
arsenicum.  As_,Oj. 

Produced  when  a.  senious  oxide  is  acted  upon 
by  an  oxidising  agent. 

On  the  large  scale  4  parts  white  arsenic  are 
gradually  added  to  3  paits  nitric  acid  of  not  less 
than  1-35  sp.gr.  in  a  vat  capable  of  holding 
from  05  to  70  kilos  of  white  arsenic.  Great 
heat  is  produced  and  the  evolved  fumes  are 
passed  over  coke  moistened  with  wat^r,  whereby 
about  two-thirds  of  the  nitric  acid  is  re- 
covered. In  24  hours  a  syrupy  liijuid  is  formed, 
containing  a  small  quantity  of  aisen  ous  oxide, 
which  may  be  oxidised  with  a  little  more  nitric 
acid. 

Kestner  performs  the  oxidation  in  large  glass 
flasks,  the  nitrous  fumes  being  passed  through 
lead  pipes  and  condensed  in  leaden  chambers. 

Arsenic  oxide  has  also  been  prepared  by 
suspending  arsenious  oxide  in  water,  passing  a 
current  of  chlorine  through  the  liquid  and 
evaporating  the  solution  thus  produced. 

It  is  a  deliquescent  solid  fusing  at  a  dull  red 
heat,  of  acid  metallic  taste  ai.d  acid  reaction. 
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It  dissolves  in  6  parts  cold  and  in  2  paits  hot 
water.  A  cold,  strong  solution  blisters  tbe  skin. 
Arsenic  oxide  and  its  salts  are  less  iJoisonous 
than  the  corresponding  arsenious  compounds. 
It  is  largely  used  as  an  oxidising  agent  in  the 
preparation  of  rosaniline  or  fuchsine.'  It 
is  also  substituted  for  tartaric  acid  in  calico- 
printing.  Weiler  has  recently  patented  a  pro- 
cess for  the  separation  of  aniline  and  parato- 
luidine  by  means  of  arsenic  oxide  (Eng.  Patent, 
188S.  3,118). 

SDiium  arsenatp.  Hijdric  disodic  arsenate; 
'  Dung  salt.'  Na^HAsO,. 

This  salt  is  pro  luced  as  a  by-product  where 
arsenious  acid  has  been  used  in  t'.ie  reduction  of 
indigo  blue  or  in  the  preparation  of  aniline. 

It  is  prepared  by  saturating  arsenious  oxide 
with  crude  soda  ash,  drying,  and  deflagrating 
with  sodium  nitrate  in  a  reverberatory  furnace. 

Arsenate  of  soda  is  largely  used  in  calico 
printing  as  a  substitute  for  dung,  its  feebly 
alkaline  properties  rendering  it  useful  for  that 
purpose. 

Arsenate  of  iron  is  an  amorphous  green 
powder  containing  33'C  p.c.  arsenic. 

Arsenic  sulphides.  Arsenic  forms  three 
well-defined  sulphides,  As  S,,  As^S„  and  As  S., 
the  two  former  occurring  naturally.  A  large 
number  of  other  sulphides  of  indefinite  com- 
position also  exist. 

Realgar.  Bisulphide  of  arsenic.  Ruhy  sul- 
j)linr.  Rallies  raitschgclh.  Rothes  Schwcfcl. 
Sulplmri.  rouge.  Orpin  rouge.  Risigallo. 
Sandaraca.  As^S.^. 

Prepared  by  fusing  together  arsenic  and 
sulphur  or  orpiment  in  the  proper  proportions. 
On  the  large  scale  it  is  obtained  by  distilling  a 
mixture  of  arsenical  ores,  such  as  arsenical  and 
iron  pyrites,  with  sulphur  or  with  the  sulphide 
of  arsenic  precipitated  in  the  purification  of 
sulphuric  acid. 

The  mixture  should  contain  about  15  p.c. 
arsenic  and  2(5  to  28  p.c.  sulphur  ;  it  is  placed  in 
flask-shaped  earthenware  retorts,  holding  about 
60  lbs.  when  two-thirds  full,  which  are  connected 
with  similar  receivers.  The  retorts  are  gradually 
heated  to  redness  and  kept  so  for  8  to  12 
hours.  The  crude  realgar  should  be  compact, 
dark,  and  rich  in  arsenic ;  if  sulphur  be  in 
excess  it  is  friable  and  light  red.  It  is  re-melted, 
rapidly  in  cast-iron  pans  with  the  requisite 
amount  of  sulphur  or  arsenic,  or  with  realgar  of 
poorer  quality.     The  mass  is  cleared  of  slag 

'  AcoortUiigto  C.  Wink'erCC.  C.  1876,  051 )  the  following 
process  lias  been  suooessfuUj'  adopterl  for  tbe  recovery  of 
arsenic  from  tbe  mother  liquors  obtained  in  the  conversion 
of  ani  ine  into  fuchsine.  Tbe  liquor,  which  contains  the 
arsenic  as  sodium  ai-scnate,  is  neutralised  with  soda,  and 
tbe  oo'ouring  matter  which  separates  is  removed.  Excess 
of  soda  is  then  added  and  tbe  strongly  a  kaline  liquid  is 
evaporated  unti'  a  skin  forms  on  thesurface,  audis  added, 
witii  constant  stirring,  to  a  mixture  of  30  kiios.  powdei-ed 
limestone  and  25  kilos,  coal  dust  or  coke  for  each  100  kilos, 
of  the  saturated  solution  of  sodium  arsenate. 

A  reverberatory  furnace  is  used,  having  an  unper  and  a 
lower  sole,  the  lower  one  being  beateil  to  a  moderate  red- 
ness. Tbeuppersole,  having  a  temperature  of  about  100°,  is 
charged  with  600  ki'os.  of  the  mixture,  which  when  dry  is 
a'lowed  to  fall  upon  the  lower  sole,  tbe  air  being  then 
almost  excluded  from  the  furuace.  The  fumes  of  metallic 
arsenic  may  be  condensed  as  such,  or  may  be  burned  as 
they  leave  thefuruace,  the  arsenious  oxide  being  condensed 
in  the  usual  w.ay. 

from  the  residues  the  sodium  carbonate  may  be  re- 
obtained  by  lixiviation,  while  the  limestone  may"  be  used 
ijcveral  times. 


and  heated  until  quite  fluid,  and  until  a  small 
quantity  siiows  the  prop'jr  appaara.ice  on  cooling. 
It  is  then  poured  into  conical  sheet-iron  moul  ls. 

Greater  care  is  necessary  in  the  preparation 
of  I'ea'gar  than  of  orpiment,  and  an  assay  is 
frequently  made  to  ascertain  the  exact  propor- 
tions required  before  the  final  melting. 

It  is  hard  and  brittle,  generally  opaque,  with 
vitreous  conchoidal  fracture,  orange  or  hyacinth 
red  in  mass  and  orange  red  in  powder.  Its 
specific  gravity  is  3-4  to  3-6,  and  its  usual  com- 
position is  arsenic  75,  sulphur  25.  It  volatilises 
easily  before  the  blowpipe  with  a  smell  of  garlic 
andburning  sulphur,  is  insoluble  in  water  or  hy- 
drochloric acid,  but  soluble  in  alkaline  sulphides. 

Kealgar  is  a  constituent  of  blue  fire  and  of 
'  White  Bengal  tire,'  which  is  used  as  a  signal 
light,  and  consists  of  realgar  2,  sulphur  7, 
potassium  nitrate  24. 

The  finest  variety,  especially  that  which 
occurs  native,  is  used  as  a  pigment  by  artists. 

Orpiment,  Opcrment.  Gelbes  Ranscligclb. 
RisigaUniu.  Auripigmentnm  (of  which  its  usual 
name  is  a  corruption).  Yellow  Sulphide  of 
Arsenic.    As  S.,. 

This  sulphide  is  formed  as  a  yellow  pre- 
cipitate when  sulphuretted  hydrogen  is  passed 
through  a  solution  of  arsenious  acid  in  hydro- 
chloric acid. 

Schultze  (J.  Pr.  25,  431)  considers  that 
another  form  of  the  trisu'phide  exists  which  is 
soluble  in  water. 

On  the  large  scale  it  is  prepared  by  subliming 
sulphur  with  arsenious  oxide,  2  parts  of  arssnious 
oxide  and  1  part  sulphur  being  a  common  pro- 
portion ;  the  colour  of  the  product  is  lighter  when 
less  sulphur  is  used. 

According  to  R.  Wagner  a  very  fine  colour 
may  be  produced  as  follows :  —  2  parts  finely 
ground  barium  sulphate  are  calcined  with  1  part 
powdered  charcoal  or  other  carbonaceous  matter, 
and  the  product  is  pulverised,  mixed  with  1  part 
ground  orpiment,  boiled  in  water  and  filtered. 
The  solution,  containing  a  sulpharsenite  of 
barium,  is  precipitated  by  the  addition  of  sul- 
phuric acid.  By  the  addition  of  a  suitable 
amount  of  barium  chloride  before  precipitation 
the  pigment  may  be  corresisondingly  lightened  in 
colour. 

Orpiment  is  insoluble  in  water  but  very 
soluble  in  alkaline  sulphides.  It  was  formerly 
much  used  as  a  pigment  under  the  name  of 
King's  Yellow  but  now  is  largely  replaced  by 
chrome  yellow.  The  lighter  varieties  contain 
as  much  as  80  to  90  p.c.  of  arsenious  oxide, 
and  are  consequently  very  poisonous.  Tiie 
darker  varieties  contain  from  1  p.c.  to  15  p.c.  of 
the  oxide  and  from  0-2  to  3  p.c.  non-volatile 
matter.  It  is  used  in  pyrotechny,  and  the  finer 
kind,  especially  the  mineral,  is  made  into  pig- 
ment for  artists. 

It  was  formerly  used  as  a  deoxidising  agent 
in  the  reduction  of  indigo  blue,  and  in  am- 
moniacal  solution  in  silk  dyeing.    A  mixture  of 
9  orpiment  and  1  quicklime  made  into  a  paste 
with  water  is  used  under  the  name  of  '  Rusma  ' 
for  removing  hair  from  skins,  but  is  now  generally 
replaced  by  the  solution  of  sulphide  of  lime  pre- 
i  pared  from  the  spent  lime  of  gasworks. 
!      Arsenic  peatasulphide  As^Sj.     The  exist- 
I  ence  of  this  sulphide  in  the  free  state  has,  until 
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recently,  bcon  somcwliat  do'ilitful.  Uerzeliiis  in 
IS'JC)  stated  that  it  was  t'oi  nied  when  sulphuretted 
hydrogen  is  passed  through  a  moderately  con- 
centrated solution  of  arsenic  acid,  but  the  preci- 
pitate was  generally  considered  to  be  a  mixture 
of  the  trisulphide  and  sulphur.  Bunsen  in  1878 
showed  that  it  was  produced  on  passing  a  rapid 
current  of  sulphurettcil  hydrogen  through  a  hot 
hydrochloric  acid  solution  of  an  alkaline  arsenate, 
and  his  results  were  confirmed  by  McCay  in 
1887.  Still  more  recently,  Brauner  and  Tomicek 
(C.  J.  1888,  147)  have  made  a  quantitative  in- 
vestigation of  the  question,  and  have  also  con- 
firmed Bunsen 's  statement.  They  find  that 
from  a  solution  of  alkaline  arsenate  containing 
excess  of  hydrochloric  acid,  sulphuretted  hydro- 
gen precipitates  the  pure  pt  ntasulphide  both 
in  hot  and  cold  solution,  but  much  more  rapidly 
in  the  former. 

Arsenic  pentasulphide  is  totally  insoluble  in 
water,  alcohol,  and  bisul[)hide  of  carbon.  The 
dry  substance,  on  rubbing  in  a  mortar,  becomes 
strongly  electrical. 

Arsenic  chloride.  Butter  of  arsenic.  Caustic 
oil  of  arsenic.  AsCi,  is  produced  by  the  action 
of  chlorine  on  arsenic ;  by  distilling  arsenic 
With  mercuric  chloride  ;  and  by  distilling  arseni- 
ous  oxide  with  strong  hydrochloric  acid.  It  is 
a  colourless,  oily  liquid,  of  sj5.gr.  2'205  j°,  boiling 
at  l;i0"-2  (Thorpe). 

The  chloride  and  iodide  are  used  to  a  slight 
extent  in  medicine. 

Arsenic  forms  a  large  number  of  organic  com- 
pounds with  various  organic  radicles.  Of  these 
kakodyl  or  arsenic  methide  may  be  mentioned. 
It  has  a  very  characteristic  disagreeable  odour, 
and  is  produced  when  arsenious  oxide  is  heated 
with  sodium  acetate. 

(For  other  compounds  of  Arsenic  v.  Watts' 
Dktiunaky  of  Chkmistky.) 

ARTOCABPUS  BARK.  The  inner  bark  (bast) 
of  the  biead-fruit  tree  (A.  incisa]  is  used  by  the 
South  Sea  Islanders  for  making  ropes  and  cloth- 
ing. According  to  INIoeller  (D.  P.  J.  231,  4(33), 
this  fibre  would  probably  be  a  very  useful  one. 
It  can  be  obtained  in  large  quantities. 

ARUM  MACULATUM.  The  common  arum, 
'  wake  robin,'  or  '  lords  and  ladies,'  '  cows  and 
calves,'  formerly  known  as  '  abron '  janus, 
'ramp,'  'starch  W'Ort,'  contains  a  starch  which 
was  made  into  a  kind  of  arrowroot  in  the  Isle 
of  Portland,  and  was  the  active  ingredient  of 
'  Portland  powder,'  a  so-called  specific  for  gout. 
Occasionally  sold  in  Paris  as  a  cosmetic,  under 
the  name  of  poudre  dc  Cypre. 

A.  campamdatuin  is  used  in  India  as  a  vege- 
table, and  also  in  medicine,  as  are  other  of  the 
Arums.  Many  of  the  Aroidea!  act  as  poisons, 
their  toxic  action  being  due  apparently  to  the 
irritation  induced  by  the  raphides  contained  in 
the  cells  (Pedler  and  Warden,  Journ.  Asiatic 
Soc.  of  Bengal,  57,  2,  lOd). 

ASAFffiTIDA  V.  (ruji  i-.hsins. 

ASARUM  CANADENSE,  OIL  OF.  Wild 
ginger  oil.  Is  used  by  perfumers  and  soap- 
makers.  It  yields  on  fractioning  a  body  isomeric 
with  oil  of  turpentine,  a  substance  having  the 
composition  of  Borneo  camphor,  and  an  oil  of  an 
intense  blue  colour  (Ph.  [3]  11,  430). 

Asnrian  etiropaum  or  Asarabcicca  contains 
asarone   C._,oH_,uO;,,   asarite,   and  a  yellow 


nsariini  oil.  The  leaves  and  root  are  used  as  an 
emetic  and  as  a  counter-irritant.  It  is  the  basis 
of  many  cephalic  snuffs  (Cooley). 

AoBES'iOS  from  ixa^taTos,  unconsumable. 
(Asheiste,  Fr.  ;  Ashcst,  Ger.)  When  the  fibres  of 
certain  varieties  of  amphibole  are  so  slender 
as  to  be  flexible,  the  substance  is  called  asbestos, 
or  amianthus.  Asbestos  is  found  in  Piedmont, 
Savoy,  Salzburg,  the  Tyrol,  Dauphine,  Hungary, 
Silesia,  in  the  United  States,  Canada,  in  the 
Umsinga  division,  South  Africa ;  at  St.  Kevern, 
in  Cornwall,  at  Balta,  Shetland,  and  at  Sliiness, 
Sutherlandshire.  A  large  deposit  of  asbestos 
has  been  found  at  Gundagai,  New  South 
Wales,  and  is  now  being  mined.  Asbestos  is 
manufactured  into  fabrics  for  curtains,  fireproof 
clothing,  and  for  filtering  acids  ;  into  ropes, 
sheets,  and  rings,  for  closing  fianges,  for  packing 
small  cylinders,  and  other  purposes.  It  is  also 
used  in  the  manufacture  of  fireproof  paint. 
White  (C.  N.  44,  05)  suggests  the  use  of  asbestos 
stoppers  for  combustion  tubes.  The  purest  and 
most  flexible  asbestos  is  that  known  as  Bostonite, 
found  in  Canada.  For  its  manufacture  and  use 
as  a  paint  see  S.  C.  I.  1,  355  ;  2,  351  ;  into 
tissues,  Ac,  see  S.  C.  I.  1,  311,  450  ;  3,  517  ; 
4,  284,  530.  Analyses  of  asbestos  will  be  found 
in  the  J.  33,  1,403  ;  3(5,  1,  892. 

Common  asbestos  occurs  in  fibres  of  a  dull 
greenish  cob)ur,  and  of  a  somewhat  pearly  lustre. 
It  is  common  in  the  serpentine  formation  at  ihe 
Lizard  Point  in  Connvall. 

Mountain  Leather  or  Mountain  Pa- 
per is  found  at  Wanlock  Head.  Its  fibres  are 
not  parallel  like  ordinary  asbestos,  but  interwoven. 

Elastic  Asbestos  or  Mountain  Cork 
floats  on  water;  and  in  appear;  nee  and  feel  is 
not  unlike  conmion  cork. 

Mountain  Wood  or  L  i  g  n  i  f  o  r  m  A  s  b  o  s  - 
tos  is  usually  found  massive  and  of  a  b'owa 
colour,  having  much  the  appearance  of  wood. 

ASDUANA  V.  BiiiDELiA  HAriv. 

ASEPTOL.  Trade  name  for  o-phenol  sul- 
phurous acid  C,H,(OH)SO,H.  It  is  a  thick 
reddish  fluid,  of  1'45  sp.gr.,  having  a  faint  odour 
like  phenol.  It  is  an  antiseptic,  but  does  not 
possess  the  poisonous  action  peculiar  to  phenol, 
and  is  therefore  recommended  for  surgical  and 
ophthalmic  operations  (C.  C.  1884,  720;  S.  C.  I. 
3,  530). 

ASFRAX  or  TRAYAMANA.  An  Indiair 
drug,  consisting  of  the  flowers,  flowerstalks,  and 
immature  fruit  of  a  speclesof  Delphinium.  Used 
in  Bombay  as  a  medicine,  and  as  a  yellow  dye 
for  silk  (Dymock,  Ph.  [3],  8,  101). 

ASH  in  its  widest  sense  may  be  taken  to  mean 
the  inorganic  matter  contained  in  animal  or 
vegetable  substances.  Usually  it  is  understood 
to  denote  the  mineral  matter  left  on  the  burning 
or  incineration  of  such  substances.  It  consists 
usually  of  the  carbonates,  sulphates,  sulphides, 
silicates,  and  phosphates  of  potassium,  sodium, 
calcium,  magnesium,  manganese,  and  iron.  Alu- 
minium, zinc,  and  copper,  and  also  fluorine, 
bromine,  and  iodine,  together  with  minute  quan- 
tities of  other  elements,  are  not  unfrequently  met 
with.  The  inorganic  matter  obtained  by  com- 
bustion of  the  animal  or  vegetable  matter  fre- 
quently differs  both  in  amount  and  in  proximate 
composition  from  that  originally  present  in  the 
unburat  substance.    At  the  high  temperature  of 
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burning  some  of  the  mineral  constituents  may 
be  volatilised,  or  be  nieclianicaily  carried 
away  by  the  gases  which  may  be  evolved,  and 
changes  in  the  proximate  nature  may  be  induced 
either  by  the  heat  itself,  or  by  the  action  of  the 
heated  carbonaceous  substances.  Thus  chlorides 
are  apt  to  be  lost  by  volatilisation,  or  a  portion 
of  the  hydrochloric  acid  may  be  expelled  by 
silica  or  phosphoric  acid,  or  by  the  action  of 
organic  acids.  Nitrates  and  salts  containing 
organic  acids  are  converted  into  carbonates,  sul- 
]ihates  are  reduced  1o  sulphides,  and  the  cyan- 
idi  s  and  cyanates  are  formed  by  the  action 
of  alkaline  carbonates  upon  nitrogenous  organic 
matter.  Hence,  in  many  cases,  the  analysis  of 
an  ash  very  incompletely  represents  the  mode  of 
arrangement  of  the  various  inorganic  consti- 
tuents in  the  unburnt  substance. 

Analyses  of  ashes  have,  however,  afforded  im- 
portant information  concerning  the  nature  and 
distribution  of  mineral  matter  in  organised 
bodies,  and  they  have  enabled  us  to  determine 
what  are  the  essential  inorganic  constituents  of 
plant  and  animal  food.  The  plant  obtains  these 
constituents  by  the  action  of  the  roots  upon  the 
soil,  jjartly  by  a  sort  of  digestive  action  on  the 
insoluble  substances  and  partly  by  the  rise  of 
solutions  of  the  salts  in  the  cajiillary  vessels. 
Mineral  matters,  such  as  potash  and  phosphoric 
acid,  are  employed  in  the  formation  of  new  tissue ; 


calcium  salts  and  silica  are  deposited  as  an  in-: 
crustation  on  tissues  already  made,  whilst  the 
!  soluble  salts  still  remaining  in  the  sap,  and 
which  would  otherwise  gradually  accumulate,  are 
eliminated  either  by  the  action  of  rain  or  by  dif- 
fusion back  into  the  soil  through  the  agency  of 
the  roots.  Although  plants  appear  to  exercise  a 
certain  selective  action  on  the  mineral  matter  of 
a  soil,  retaining,  for  example,  potash  whilst  ex- 
cluding soda,  they  manifest  a  very  considerable 
power  of  adaptation,  and  accordingly  plants  of 
the  same  kind  when  grown  on  diflerent  soils  may 
exhibit  very  wide  variations  both  in  the  amount 
and  nature  of  the  mineral  matter  they  contain. 
The  nature  of  the  ash  of  certain  kinds  of  plants 
is,  however,  very  characteristic.  Thus,  the  ash 
of  the  cereals  and  the  e^uisetums  contains  rela- 
tively large  quantities  of  silica,  whilst  that  of  the 
lycopods  is  remarkable  for  the  amount  of  alu- 
mina—otherwise but  sparingly  met  with  in  the 
vegetable  kingdom  —  which  it  contains.  The 
various  algae,  and  many  plants  growing  on  the 
sea-shore,  especially  of  the  genus  Salsola,  con- 
tain large  quantities  of  soda,  and  certain  of  these 
were  formerly  used  as  sources  of  supply  of  sodium 
carbonate. 

The  following  table,  compiled  from  Woltf's 
Aschen  Analysen,  will  serve  to  show  the  nature 
of  the  ash  of  a  number  of  important  animal 
products : — 


Ash  in 
luu  pt5. 
dry  bubst. 

100  p.nts  of  ash  coiitaiu- 

K„0 

N;i,0 

CaO 

MgO 

P..0, 

SO, 

SiO,, 

Cl 

Blood  (human)  .... 

20-6 

24-1 

0-9 

0-5 

8-2' 

8"-8 

7-] 

30-7 

-  (ox)  

3-77 

7-G 

450 

l-I 

0-6 

9-4 

5-3 

31 

0-8 

34-4 

Milk  (human)  .... 

0-49  ' 

33-8 

9-1 

lC-7 

2-2 

0-2 

22-7 

1-0 

18-4 

„    (cow)  .... 

0-72' 

24-1 

6-1 

23-2 

2-G 

0-4 

280 

1-3 

13-.5 

Flesh  (mammals) 

4-32 

7-0 

10-1 

2-4 

3-2 

0-4 

41-2 

1-0 

0-7 

4-7 

„     (fowls)  .... 

30-9 

18-7 

3-3 

4-2 

36-4 

8-1 

„     (fish)  .... 

21-8 

14-9 

16-2 

3-9 

34-5 

11-4 

Hen's  egg  (without  shell)  . 

3-48 

17-4 

22-9 

10-9 

11 

0-4 

37-6 

0-3 

0-3 

9-0 

„                 ,,  (white) 

4-61 

31-4 

31-6 

2-8 

2-8 

OG 

4-4 

2-1 

11 

28-S 

(yolk) . 

2-91 

9-3 

5-9 

13-0 

21 

1-7 

G5'5 

0-9 

1-9 

In  frt'^h  substance. 


ASPEEOLITE.  A  copper  silicate  fiom  Ta- 
gilsk,  containing  31-94  biO,„  40-81  CuO  and 
27-25  OH,.  Sp.gr.  2-306  (Heimann,  J.  pr.  97,  352). 

ASPHALT.  Compact  bitwnen,  Mineral  pitch, 
Jeus'  pitch,  Bitumen  of  Jtidcva.  {Judcnpech, 
Ei  dpcch,  Bcrgpech,  Ger. ;  Gonclron  rniniral,  Fr.) 
A  name  given  to  the  solid  varieties  of  bitumen. 
In  its  purest  form  asphalt  presents  the  appearance 
of  a  black  or  brownish-black  solid  substance,  pos- 
sessing a  bright  conchoidal  fracture.  It  melts 
at  100°,  burning  with  a  brilliant  flame  and 
emitting  a  bituminous  odour.  Sp.gr.  1-0  to  l-t8. 
Asphalt  is  insoluble  in  alcohol  and  water,  so- 
luble in  about  five  times  its  weight  of  naphtha, 
and  in  benzol.  It  is  dissolved  by  alkalis  and 
alkaline  carbonates. 

By  dry  distillation  a  yellow  oil,  Asphalt 
oil,  is  obtained.  It  consists  of  hydrocarbons 
mixed  with  a  small  quantity  of  oxidised  matter. 
It  begins  to  boil  at  90°,  but  the  boiling-point 
gradually  rises  to  250°.  The  portion  boiling 
below  200°  has  t' e  sp  gr.  0-817  at  15°;  that 
abo\c  200°  has  a  sp.-r.  of  0-8C8  at  15°.  Both 


portions  gave  by  analysis  about  87-5  p.c.  carbon, 
11-0  p.c.  hydrogen,  and  0  9  oxygen,  which  is 
nearly  the  composition  of  oil  of  amber  (Volckel, 
A.  88,  139).  Nitric  acid  converts  it  into  a  resin, 
having  the  odour  of  musk  and  the  taste  of  bitter 
almonds. 

Boussingault  obtained  from  the  asphalt  of 
Bechelbrunn  a  pale  yellow  oil,  Petrolene,  having 
a  faint  taste  and  bituminous  odour  of  sp.gr.  0-891 
at  21  "C,  and  boiling  at  280°C. 

By  heating  asphalt  to  250°  for  48  hours  the 
volatile  oils  are  driven  otf  ;  a  black  solid  sub- 
stance, Jspihaltcne,  is  obta'ued.  It  becomes  soft 
and  elastic  about  300^C. 

The  purest  asphalt  is  found  on  the  shores  of 
the  Dead  Sea  and  in  the  pitch  lakes  of  Trinidad 
and  Mexico.  Bocks  more  or  less  impregnated 
with  bitumen,  to  which  the  name  earthy  or 
crude  asphalt  is  given,  are  found  at  the  Poldice 
mines,  Cornwall,  near  Matlock,  Derbyshire, 
at  Haughmond  Hill,  Shropshire,  at  the  Hot- 
wells,  near  Bristol,  in  the  limestone  near 
Gl.isgow,  the  freestone  near  Edinburgh,  and 
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generally  throni^'liout  the  Orkneys.  Large 
deposits  occur  also  id  Seyssel,  Dept.  de  I'Ain, 
al  Bechelbrunn  and  Lobsann,  Lower  lihine,  at 
Eastennes  and  Dax,  in  the  .l*ept.  dcs  Landes, 
in  the  Val  de  Tra\ers,  Neucliatel  and  other 
places. 

Asphalt  is  separated  from  the  minerals  with 
which  it  is  associated  either  by  melting  the 
mass,  allowing  the  earthy  matters  to  subside 
and  removing  the  bitumen,  or  by  boiling  with 
water,  which  causes  the  bitumen  to  run  out  in 
tlie  melted  state  ;  or  by  the  action  of  hydrochloric 
acid,  whicii  dissolves  the  calcium  carbonate 
and  leaves  tl  e  asphalt;  or  with  oil  of  turpen- 
tine, which  dissolves  out  the  bitumen.  Murrie 
(H.  C.  L  8,  182)  describes  the  methods  used 
in  Italy  for  the  extraction  of  bitumen  from  crude 
asphalt. 

The  Val  de  Travers  asphalt  contains  about 
20  p.c.  of  bitumen,  and  it  only  reijuires  the  addi- 
tion of  ()  to  .S  p.c.  of  mineral  or  coal  tar  to  con- 
vert it  into  a  plastic,  workable  mastic  of  good 
qualiiy  for  pavements  and  hydraulic  woiks. 

The  modern  method  of  laying  down  asphalt 
pavement  is  to  first  prepare  a  foundation  of  con- 
crete, the  surface  of  which  is  carefully  flattened. 
On  this  even  surface,  when  thoroughly  dry,  the 
melted  asphalt  is  spread  with  a  wooden  trowel, 
and  the  surface  is  finally  smoothed  over.  The 
liquid  Val  de  Travers,  Liinmer's,  and  liarnett's 
asphalts  used  for  this  puipose  are  all  mixed 
with  grit  or  sand,  and  so  present  rougher  sur- 
faces than  those  pavings  which  consist  of 
asphalt  alone.  Brande  (tier.  Pat.  1878) 
mixes  ground  slag  with  the  asphalt  instead  of 
sand. 

Another  method  of  paving  is  to  break  up  the 
bituminous  ore,  and  heat  the  fragments  till 
they  crumble  to  powder.  A  layer  of  this  hot 
powder,  from  1(5  to  20  inches  thick,  is  laid  on 
the  dry  concrete  and  compressed  by  stamping 
with  hot  irons. 

Artificial  asplialt,  or  gas-tar  asplialt,  is  a 
mixture  of  chalk,  sand,  or  limestone  with  the 
thick,  pitchy  residue  obtained  by  evaporating 
the  more  volatile  portions  of  gas-tar.  The 
mineral  substance  must  be  heated  to  expel 
moisture  and  adhering  air,  and  then  added 
to  the  strongly-heated  pitch. 

In  addition  to  the  use  of  asphalt  for  pave- 
ments, water-tight  tanks,  and  coatings  for  iron 
lubes  used  for  conveying  gas  or  water  &c.,  it  is 
used  in  photography,  in  plioto-litiiography  and 
])hoto-engraving,  owing  to  the  asjihalt  becom- 
ing insoluble  in  turpentine  after  exposure  to 
light.  In  the  latter  case  copper  plates  are 
covered  with  a  thin  coating  of  pure  asplialtum, 
or  bitumen  of  Juda-a,  dissolved  in  benzole  or 
chloroform.  When  dry,  the  plate  is  exposed 
behind  a  film  to  bright  sunlight  for  lialf  an 
hour,  and  then  de\elo|ied  by  first  softening  the 
soluble  iiortion  of  the  asplialtum  with  olive  oil, 
to  which  subsccjuently  a  little  turpentine  is 
added.  As  soon  as  the  lines  are  bare t lie  turpen- 
tine and  oil  must  be  washed  away  by  the  action 
of  water. 

Methods  for  preparing  asphalt  for  paving 
and  other  purposes  are  described  by  I>agusan 
(Ger.  l^it.  1H7S  ;  D.  P. .].  282,  547)  ;  Kalil- 

betzer  {dev.  I'at.  r,X,i(;,  1878) ;  Zadig  a.  Neuberg 
(Ger.  Pat.  a,(i78,  1S78  ;  D.  P..  J.  23:!,  4;)0)  ;  Clark 


(Eng.  Pat.  8,0:?r,,  1884  ;  S.  C.  I.  5,  183)  ;  Kett- 
mann  (Eng.  Pat.  12,  425,  1F84 ;  S.  C.  I.  4, 
075);  Richter  (Siefenseid  Zeit.  2;^,  272;  S.  C.  I. 
a,  474). 

Native  asphalt  can  be  distinguished  from 
artificial  asphalt  by  extracting  with  carbon  di- 
sulphide,  filtering,  evaporating  to  dryness,  and 
heating  the  residue  till  it  can  be  ground  to  a 
fine  powder  ;  O'l  gram  is  treated  with  5  c.c.  of 
fuming  sulphuric  acid  for  24  hours,  and  is  then 
mixed,  with  continuous  stirring,  with  10  cc.  of 
^vater.  If  pitch  or  coal  tar  be  present,  tlie  solu- 
tion will  be  of  a  dark  brown  or  blackish  tint ;  if 
not,  the  solution  will  be  of  a  light  yellow  colour 
(c.  Pitch). 

ASPHODEL.  The  bullis  of  Asplwdele  dr.  Sar- 
(Jniijitc,  of  Asjihodclas  rac(  viuyus,  and  other 
species  of  the  same  genus,  are  said  to  contain  a 
fermentable  substance  from  wliich  alcohol  may 
be  prepared.  Hy  drying  and  coarsely  grinding 
(he  bulb  Landerer  obtained  a  powder  which, 
mixed  with  water,  formed  a  strong  glue.  Badoil 
and  Lienders  obtain  tannin  from  the  pulp  left 
after  the  extraction  of  the  alcohol. 

ASPIDIN  V.  I'lLIX-MAS. 

ASPIDOSAMINE   and  ASPIDOSPEEMINE 

tl.  VkoKTc)-ALKAI,(II1>S. 

ASPIRATORS.  Aspirators  are  used  to  draw 
air  or  other  gases  thiough  any  apparatus  eon- 
r.ected  with  them,  and  were  probably  first  em- 
jiloyed  by  Brunner  in  his  analyses  of  air,  1830- 
1840.  When  a  vessel  is  emptied  of  liquid,  air 
must  enter  to  take  its  place,  and  the  common 
aspirator,  in  its  various  forms,  is  a  vessel  with 
two  openings,  the  lower  to  serve  as  outlet  for 
the  water  or  licjuid,  and  the  upper  as  inlet  for 
the  air  or  gas  to  be  aspirated.  With  suitable 
liftings  a  syphon  may  be  used  instead  of  the 
lower  opening,  or  the  apparatus  may  be  modi- 
fied into  a  bell-jar  standing  over  a  basin  or  large 
jar,  the  air  being  drawn  in  through  the  neck  of 
the  bell-jar.  This  is  Mohr's  asi^irator,  which  is 
sometimes  poised  like  a  gasholder  to  facilitate 
filling  and  emjitying  of  the  bell-jar. 

From  their  introduction,  aspirators  were  used 
not  only  to  draw-  in  gases  through  apparatus  and 
reagents  employed,  at  a  regulated  rate,  but  also 
to  measure  the  gases  so  manipulated  by  simply 
measuring  or  weighing  the  liquid  run  out  of  the 
aspirator.  For  approximate  readings  aspirators 
of  glass  may  be  graduated,  and  those  of  nietal 
may  be  provided  with  gauge  glasses. 

Numerous  forms  of  the  simple  aspirator  have 
been  invented  by  Brunner,  llegnault,  Mohr,  and 


Fio.  1.  Fio  2. 


others.  Fig.  1  is  perhaps  the  form  in  most  fre- 
quent use,  and  is  generally  of  glass,  plain  or 
graduated.  Fig.  2  is  a  very  convenient  form, 
(lescribi'(l  by  Clemens  Winkler  (Industrie-GabC, 


200 


ASPIRATOT^S. 


1877,  39-41)  ronphucted  of  zinc  plate  and 
supported  on  a  wooden  tripod.  The  second  tap 
below,  on  the  side  tube,  is  useful  in  filling  the 
aspirator  with  water.  Fig.  3  is  the  form  often 
used  in  testing  the  gases  from  chemical  works. 
It  is  simply  a  cubical  or  rectangular  box  made 
of  sheet  lead,  with  a  graduated  gauge  glass,  and 
can  be  opened  at  a.  to  fill  it  with  water. 


I'la."  3.     .  Fig.  -1. 


Double  aspirators.  In  short  operations  the 
simple  aspirator  requires  nD  refilling  nor  special 
attention  after  the  taps  are  adjusted.  To  obviate 
the  inconvenience  of  stopping  to  change  or  refill 
that  would  be  necessary  in  longer  operations, 
Brunner,  Boisgiraud,  Dancer,  Muencke,  and 
others  have  contrived  double  aspirators  so  con- 
nected that  each  vessel  is  alternately  above  and 
below,  and  one  or  other  always  ready  for  use, 
The  aspiiating  bottles  may  be  mounted  on  a 
common  axis  as  in  Dancer's  swivel  aspirator, 
fig.  4  (C.  N.  1S04,  10,  295).  These  swivel  aspi- 
rators are  very  convenient,  but  the  difference 
of  water-level  in  tlie  two  bottles  is  not  under  the 
control  of  the  operator  and  varies  between  the 
height  of  one  bottle  and  a  very  small  minimum. 

Figs.  5  and  G  show  an  arrangement  devised 
by  the  author,  wliich  has  certain  advantages. 
The  bottles  a  and  b  are  connected  as  shown, 
being  raised  and  lowered  alternately.    The  four- 


FiG.  .5.  I'lci.  G. 


way  tap  c  (shown  larger  in  fig.  G)  has  its  index 
1  turned  towards  the  upper  bottle  in  aspirating 
and  toward.s  the  lower  bottle  in  blowing.  It  is 
made  from  a  good  gas  tap  by  boring"  up  the 
centre  of  the  plug  at  f,  leading  out  the  liole  at 
(i.  A  small  piece  of  metal  H  is  then  fitted  and 
soldered  diagonally  where  the  holes  cross,  a 
piece  of  tubing  k  soldered  on  to  the  socket  of 
the  tap,  and  an  index  i  above  the  plug. 


Parafllin  wax  is  used  to  adjust  the  bott'es  for 
exact  measurement,  and  to  obtain  a  fine  adjust- 
ment below  at  d,  as  well  as  above,  by  a  mark  on 
the  neck  of  the  bottle.  The  proper  quantity  of 
melted  wax  is  run  through  a  wide  tube  into  t'"e 
warm  bottle  slightly  tilted.  A  passage  from  the 
tubulure  to  d  at  the  side  of  the  bottle  is  secured 
by  pushing  an  indiarubber  tube  through  the 
tubulure  and  fixing  it  in  the  proper  position  be- 
fore the  wax  is  run  in,  and  after  the  wax  is  quite 
solid  this  tube  is  drawn  out.  The  passage  should 
be  curved,  so  that  on  emptying  the  bottle  of 
water  the  water  runs  out  to  the  mark  at  d.  Tb.e 
bottles  are  then  adjusted  by  weighing  their  con- 
tent of  water  between  the  marks  ai  d  adding  or 
removing  paraffin,  till  at  the  standard  tempera- 
ture and  pressure  they  hold  the  exact  quantity 
of  water  corresponding  to  the  volume  required. 
In  successive  weighings  of  bottles  so  adjusted 
the  differences  should  not  exceed  01  gram. 

Constant  or  automatic  aspiiators.  Instru- 
ments of  this  class  have  been  invented  by  Guth- 
rie (P.  M.  [4]  15,  G4)  and  by  Bonny  (Winkler's 
Technical  Gas  Analysis,  trans,  by  Lunge,  17). 
In  each  of  them  a  pipe  from  the  water  supply 
leads  a  constant  stream  of  water  into  a  vessel, 
which,  when  full,  is  emptied  by  a  syphon,  whose 
tube  is  of  larger  size  than  the  supply  pipe.  The 
arrangement  thus  acts  on  the  principle  of  the 
intermittent  syphon,  and  the  vessel  is  filled  and 
emptied  at  regular  intervals.  In  Bonny's  instru- 
ment these  are  registered  by  a  simple  mechanism, 
and  the  total  volume  passed  is  known  on  mea- 
suring the  volume  passed  in  one  operation. 

The  Sprengel  and  injector  pumps  may  be 
used  as  constant  aspirators  (v.  Filteu  pumps). 
By  means  of  a  collecting  box  attached  below  the 
I  pumps  to  allow  the  gas  and  water  to  escape  at 
dift'erent  levels,  the  gas  may  be  measured  by 
passing  it  through  a  small  gas-meter  (Davis, 
S.C.  I.  211). 

J.  Grossman  (Winkler's  Industrie  -  Gase, 
218)  has  invented  a  small  mercurial  asj^irator, 
on  the  principle  of  the  Geissler  jjump,  with  two 
reservoirs,  which  are  alternately  raised  and 
lowered.    It  is  fitted  with  registering  apparatus. 

In  testing  air  and  gases  from  confined  places, 
works,  &c.,  Angus  Smith,  Davis,  and  others, 
have  used  small  pear-shaped  aspirators  of  india- 
rubber.  These  are  emptied  by  simply  squeezing 
in  the  hand.  The  air  escapes  by  a  valve,  of 
which  the  simplest  is  a  small  slit  in  the  rubber 
connecting-tube,  opening  outwards  like  a  Bun- 
sen's  valve.  The  rubber  recovering  its  form 
draws  a  certain  volume  of  gas  through  the  test- 
ing apparatus,  and  it  is  easy  to  ascertain  ap- 
proximately the  total  volume  of  gas  correspoad- 
ing  to  any  given  number  of  times  the  aspirator 
has  been  filled.  Another  larger  aspirator  of  this 
class  is  of  bellows  form,  like  a  concertina,  tl;e 
folding  part  being  of  indiarubber.  This  aspirator 
is  frequently  used  for  filling  by  displacement  jars 
or  bottles  with  gas  to  be  tested.  The  common 
single-barrel  au-pumpor  apparatus,  on  the  same 
principle,  is  also  applied  in  this  manner  as  an 
aspirator.  T.  F. 

I  ASSAYING,  in  its  widest  sense,  is  the  art  of 
ascertaining  tl  e  proportion  of  one  or  more 
specified  constituents  in  a  substance  ;  the  term 
is  most  generally  used  in  regard  to  the  deter- 
ttiination  of  metals,  whether  the  material  u  ider 
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examina'ioii  be  an  ore  or  niptallurgical  product 
or  an  alloy.  As  a  rule  the  operations  perfovmecl 
are  directed  to  the  determination  of-  only  a  sin'^le 
metal  in  the  sample,  constituting  a  copper,  gold, 
silver,  etc.,  assay,  but  occasionally,  as  for  example 
when  silver  and  gold  are  associated  in  the  same 
substanc3,  it  becomes  necessary  to  determine  the 
proportion  of  both  by  what  is  known  as  a 
'  parting  '  assay. 

It  would  be  impossible  within  the  limits  of 
a  single  article  to  give  any  useful  account  of  the 
entire  art  of  the  assayer,  covering  as  it  does  so 
extensive  a  field,  and  the  reader  who  desires 
detailed  information  must  be  referred  to  special 
works,  such  as  Mitchell's  Manual  of  Assaying, 
Balling's  Manuel  Pratiipie  de  I'Art  de  I'Essayeur, 
or  Bruno  Kerl's  Metallurgisohe  Probirkunst. 

It  will  be  well  to  give  some  brief  account  of 
such  implements  and  apparatus  as  ai'e  required 
for  the  ordinary  work  of  the  assayer,  but  not,  or 
only  on  rare  occasions,  by  the  analytical  chemist. 

The  ordinary  chemical  balance  can  of  course 
be  made  to  serve  for  much  of  the  work  of  an 
assayer,  but  it  is  needlessly  large  and  corre- 
spondingly slow  in  action.  Moreover,  for  bullion 
assaying,  and  in  other  cases  whore  the  amount 
to  be  weighed  is  either  very  minute  or  very 
valuable,  a  more  sensitive  balance  is  essential. 
Assay  balances  are  thus  very  light,  and  should 
not  be  loaded  with  more  than  one  or  two  grams 
in  each  pan.  The  best  are  adjustel  to  turn  one 
scale  division  with  as  little  as  ^'^th  milligram. 
At  the  present  day  short  beams,  about  6  inches 
in  length,  are  much  in  vogue,  and  excellent 
instruments  are  made  for  the  use  of  assayers 
travelling  abroad,  which  arc  both  portable  and 
accurate. 

As  a  substitute  for  the  balance.  Dr.  Black 
suggested  a  simple  appliance  which  it  may  be 
useful  to  describe  ;  and  it  has  been  found  possible 
to  dispense  altogether  with  a  delicate  balance 
where  a  small  bead  represents  the  final  result  of 
the  assay,  and  ii  is  known  to  consist  of  only  one 
metal,  gold  for  example,  by  accurately  measuring 
the  diameter  of  the  button,  and  comparing  it 
with  a  scale  previ jusly  prepared  experimentally. 
Such  a  method  has  been  even  applied  to  beads 
f.f  microscopic  dimensions  by  placing  them  o  i 
the  stage  of  a  microscope  and  measuring  by 
nvans  of  a  micrometer  eyepiece. 

Black's  extemporised  balance  consists  of  a 
light  piece  of  pine,  12  inches  long  and  0-3  inches 
wide  at  the  niiddle,  tapering  both  in  breadth  and 
tliickness  towards  either  end.  This  is  supported 
at  its  centre  on  a  thin  needle  fixed  transversely 
on  the  upper  face  and  resting  on  narrow  brass 
])lanes,  and  it  is  divided  accurately  into  10  equal 
])arts  on  either  side  of  the  centre.  By  placing 
the  piece  to  be  weighed  on  one  side  and  adjusting 
the  position  of  one  or  more  of  three  weights 
(1  grain,  0-1  grain,  and  O'Ol  grain)  on  the  other 
side,  the  weight,  not  exceeding  about  11  grains, 
can  be  very  approximately  ascertained.' 

One  or  more  ordinai"y  balances  should  be 
provided  for  use  ni  weighing  samnles  and  other 
rough  work,  but  those  do  not  call  for  special 
remark. 

A  few  words  should,  however,  be  said  about 
the  weights,  which  frequently  differ  from  the 

'  F.muViy's  Clieiinf;il  M  uiiiiiilat ion,  CI. 


I  common  gram  or  grain  series  used  in  chemical 
analysis.  Much  tedious  calculation  is  avoided 
by  so  marking  the  weights  that  their  face-value 
shall  give  at  once  the  result  of  the  assay.  A  few 
examples  will  at  once  make  this  method  evident. 
If  the  unit  weight  taken  for  an  assay  of  gold  be 
marked  1000  and  a  number  of  subsidiary  weights 
be  provided  bearing  their  several  values  in  terms 
of  this  unit,  it  will  o.ily  be  ncL'essary  to  weigh 
the  resulting  pure  gold  with  these  subsidiary 
weights  in  order  to  obtain  the  millesimal  pro- 
portion of  precious  metal  in  an  alloy  without 

'  resorting  to  calculation.  Again,  in  assaying  silver 
by  precipitation  as  chloride  (u.  page  212),  since 
18-817  grains  of  pure  silver  are  contained  in  25 

1  grains  of  chloride,  ii  follows  that   if  18-817 

I  grains  of  an  alloy  be  always  taken  for  assay,  and 
t:i3  resulting  chloride  be  weighed  out  with  a  series 
of  weights  with  a  unit  of  25  grains,  which  is 
marked  1000,  the  subsidiary  weights  of  this 
series  will  indicate  the  result  of  the  assay  with- 
out calculation.  These  examples  will  suffice 
to  show  how  a  series  can  be  arranged  for  any 
special  purpose,  as,  for  example,  a  given  weight 
being  taken  as  an  ore  sample,  to  ascertain  the 
number  of  ounces,  pennyweights,  and  grains  per 
ton  of  ore. 

'  The  furnaces  employed  in  assaying  are  of 
two  kinds,  mulile  and  wind  furnaces. 

The  muffle  is  a  small  oven  of  refractory  fire- 
clay, open  at  the  fiont  and  usually  having  an 
arched  top  ;  at  the  back  are  small  openings  for 
inducing  a  draught  through  the  muflle  (when  in 
positionin  the  furnace).  Acommon  form  is  shown 
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in  fig.  1.  The  size  varies  according  fo  the  amount 
of  work  usually  done  at  onetime,  but  those  used 
at  the  Koyal  Mint,  and  measuring  87  cm.  in 
length  and  10  cm.  in  bveailth  outside  at  the  base, 
m,iy  be  considered  full-sized.  The  furnace  itself 
is  made  of  wrought  iron  lined  with  firebrick,  or 
entirely  of  firebrick,  and  is  provided  with 
openings  for  regulating  draught,  charging  with 
fuel,  removing  fire  bars,  <5i;c.,  when  necessary, 
and  the  muffle  is  set  to  slope  from  back  to  iront 
so  that  all  objects  on  the  floor  may  be  clearly 
visible.  The  fuel  may  be  charcoal,  coke,  or  an- 
thracite ;  many  forms  of  muffle  furnace  also  exist 
in  which  the  heating  is  effecteil  by  gas.  A 
sectional  view  of  a  full-sized  muffle  furnace,  as 
used  for  gold  assaying  in  the  Eoyal  Mint,  is 
shown  in  fig.  2.  Draught  is  regulated  by  the 
damper  and  by  several  sliding  doors,  as  well 
as  by  a  hinged  door,  through  which  also  fuel 
is  introduced.  The  mouth  of  the  muffle  is 
'  closed  by  the  plumbago  block,  and  by  a  sliding 
plate. 

1       The  wind  melting  furnace  required  for  assay 
!  operations  does  not  demand  special  description, 
as  it  differs  in  no  essential  respect  from  that 
I  ordinarily  used  by  the  metallurgist. 
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It  must  suffice  to  pass  the  several  small  im- 
plements and  appliances  required  in  rapid  review, 
and  the  aceompaiiyin;^  figures  will  render  de- 


rNTERNAL 
WIDTH  OF 
FURNACE 
15^" 


f 

l-'iu.  2. 

tailed  description  the  less  necessary.  The  cru- 
cibles generally  used  are  e  t':er  Cor.iish,  Fraiich, 
or  plumbago  (a,  fig.  3),  or,  in  the  assiy  of  ga'ena, 


¥ia.  3. 

wrought  iron,  and  the  sizes  used  vary  to  suit 
special  reijuirements.  R lasting  dishes  made  of 
iireclay  (a,  fig.  -1)  are  for  t'.ie  calcination  of 


Fig. -4. 


ores;  seorifiers,  c,  used  in  the  process  of  scorifi- 
cat'.on  (c.  p.  'iOD) ;  cupels  of  vaviou.s  shapes  and 
sizes,  (Z,  are . made  of  compressed  bone-ash,  and 


are  i-equired  for  the  assay  of  the  prec'ous  metals 
(r.  page  210). 

An  assay  laboratory  is  also  provided  with 
various  forms  of  i  ongs,  scoops,  ingot  moulds,  and 
furnace  implements,  such  as  are  shown  in  tigs. 
3  and  .5. 

It  will  not  be  necessary  to  enumerate  the  re- 
agents required.  Their  number  is  not  great,  and 
they  may  be  classified  under  the  several  heads: 
Fluxes,  Oxidising  and  Reducing  Agents,  Sul- 
phui'ising  and  Desulphurising  Agents,  and 
Solvents. 

The  above  summary  has  special  reference  to 
the  requirements  of  a  laboratory  for  the  making 
of  assays  by  the  dry  method.  Into  the  several 
methods  of  assaying  by  electrolysis  and  in  the 
wet  way,  with  one  exception  in  the  case  of  silver, 
it  will  not  be  possible  to  enter  within  the  limits 
of  this  article  ;  they  will  be  found  fully  described 
in  the  several  works  above  referred  to. 

In  what  follows  it  is  proposed  to  describe  in 
some  detail  the  methods  usually  adopted  for  the 
assay  of  gold  and  silver,  as  beii  g  the  most 
delicate  work  in  which  the  assayer  can  be  en- 
gaged, and  a-j  the  assay  of  the  precious  metals 
often  involves  a  knowledge  of  the  assay  of  lead, 
it  may  be  convenient  to  give  some  account  of 
the  methods  ordinarily  adopted  for  ita  determi- 
nation. 

A.ssay  of  lead.  Numerous  methods  have 
been  suggested  from  time  to  time  for  the  assay 
of  lead  both  in  the  wet  and  dry  way,  but  that 
involving  fusion  in  contact  with  iron  is  generally 
practised,  and  is,  at  the  same  time,  both  easier 
and  more  reliable  than  other  methods.  It  will 
therefore  alone  be  de;e  ibed. 

This  process,  available  for  the  assay  of  all 
sulphides  of  lead,  depends  on  the  desulphurising 
action  of  iron  at  an  elevated  temperature.  The 
iron  may  be  applied  by  performing  the  operation 
in  a  wrought-iron  crucible  or  dish,  or  by  intro- 
ducing a  piece  of  hoop  iron  or  nails  into  the 
mixture  contained  in  an  earthenware  crucible. 
The  first  of  these,  the  iron  crucible,  is  generally 
preferred  as  giving  results  most  closely  in  accord 
with  the  actual  content  of  the  sample  operated 
upon. 

The  following  assay-charges  are  recommended 
by  Percy,  No.  I.  being  specially  for  r.ch  ores, 
comparatively  free  fiom  vein-stuff,  while  No.  II. 
is  applicable  for  either  rich  or  poorer  ores  :  — 

I.  II. 

G^rains.  Gniins. 

Ore    500  500 

Carbonate  of  soda  .    .    .    500  350 

Borax  —  150 

Ai'gol  (bitartrate  of  potash)  50  50 
The  ore,  after  being  reduced  to  powder  in  an 
iron  mortar,  is  dried  at  a  mo  lerate  temperature, 
passed  through  a  sieve  of  from  40  to  (iO  holes 
per  linear  inch,  and  the  required  sample  weighed 
out  and  mixed  with  about  three-fourths  of  the 
Hux  indicated  above,  the  remainder  being  placed 
just  behind  it  in  the  charging  scoop ;  the 
borax,  however,  when  used,  is  not  mixed  with 
the  other  constituents,  but  plactd  at  the  back  of 
the  scoop  for  charging,  and  behind  the  unmixed 
flux.  Thus  arranged  the  charge  is  introduced 
into  the  iron  crucible,  previously  heated  to  dull 
redness,  when  it  is  at  once  re-introduced  into 
the   furnace.     The   temperature  having  been 
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gradually  raised  to  full  redness  and  any  metallic 
globules  &c.  adhering  to  the  walls  of  the 
crucible  thrown  into  the  molten  mass,  and  all 
signs  of  effervescence  having  disappeared,  the 
crucible  is  removed  from  the  furnace  in  from  10 
to  15  minutes  after  its  introduction.  After  par- 
tial cooling  the  entire  contents  are  poured  into 
a  hemispherical  ingot  mould,  care  being  taken 
that  no  particles  are  left  behind  in  the  crucible. 
It  only  remains  to  detach  the  lead  button  from 
adhering  slag  by  tapping  on  an  anvil ;  clean  with 
a  brush  and  hot  water  or  with  dilute  sulphuric 
acid,  and  weigh.  Any  sulphate  or  carbonate  of 
lead  present  in  the  ore  will  be  reduced  by  the 
argol  added,  but  if  the  ore  be  a  phosphate  or 
carbonate,  a  modified  assay-charge  is  adopted 
and  earthenware  crucibles  are  always  employed. 
Percy  gives  the  following  as  suitable,  Nos.  III. 
and  IV.  for  a  phosphate,  and  V.  for  a  carbonate. 


TV. 


;fOO 

350 

100 
30 


V. 

Grains. 
500 
500 


100 
30 


These  two  metals 


nr. 

Gniiii?. 

Ore  300 

Carbonate  of  soda  400 
Charcoal  powder  .  20 

Argol  — 

Borax  ....  30 
Assay  of  gold  and  silver. 
are  so  constantly  associated  in  nature  and  in  the 
arts,  and  the  principal  stages  in  their  assay  by 
the  dry  way  so  closely  resemble  one  another,  that 
no  inconvenience  need  result  from  treating  of 
the  assay  of  both  together.  Indeed,  such  an  ar- 
rangement will  render  it  possible  to  give  a  more 
connected  account  of  the  entire  process. 

In  the  case  of  ores,  metallurgical  products, 
'  sweep  '  containing  gold  and  silver,  itc  a  pre- 
liminary operation  is  necessary  in  order  to  free 
the  precious  metals  from  associated  vein-stuff, 
carbonaceous  matter,  &c.,  previous  to  the  assay 
operation  proper,  but  otherwise  the  dry  assay  of 
the  precious  metals  by  cupellation  is  the  same 
for  ores  &o.  as  for  bullion  and  other  alloys  con- 
taining gold  and  silver. 

This  preliminary  treatment  has  for  its  object 
the  collecting  of  all  the  precious  metal  present 
in  the  sample  in  a  button  of  lead,  a  result  which 
may  be  arrived  at  by  either  scorification  or  by 
fusion,  often  called  the  ^mt  method.  In  cases 
where  carbonaceous  matter  is  present,  as  in  the 
assay  of  '  sweep  '  or  residues  obtained  from 
factories  where  the  precious  metals  are  manipu- 
lated, it  is  necessary  to  resort  to  a  previous 
roasting  or  combustion.  The  following  system 
is  found  convenient  in  the  Eoyal  Mint  for 
making  assays  on  '  sweep '  containing  a  large 
proportion  of  graphite,  the  result  of  grinding  up 
pots  in  which  bullion  has  been  melted,  &c. 

From  the  sample  as  received  2, -100  grains  are 
weighed,  dried,  and  reweighed ;  the  difference 
between  these  two  weighings  giving  the  moisture. 
Calling  the  second  weight  found  W  and  the 
difference  or  weight  of  moisture  M,  we  then  have 
W  =  (2400 -M)  grains. 
The  dried  sample  is  ground  in  an  iron 
mortar,  passed  through  a  sieve  of  60  holes  to  the 
linear  inch,  and  the  metallic  residue  collected 
and  cupelled  separately.  Calling  the  weight 
which  passes  through  the  sieve  W,,  it  is  evident 

that  ^  will  be  the  proportion  obtained  from  600 

grains  of  the  initial  sample. 
Vol.  I.-T 


W  . 

This  weight,  — is  now  roasted  ni  a  roasting 
4 

dish  (a,  fig.  4),  by  heating  to  a  red  heat  in  an 
ojjen  muftie,  whereby  all  combustible  matter  is 
removed.  It  is  again  weighed  on  cooling,  and 
its  weight,  W,,  divided  into  three  equal  por- 
tions for  scorification.    Each  of  these  portions, 

will  thus  correspond  to  200  grains  of  the 

original  sample. 

For  each  scorification  charge  are  taken  800 
grains  granulated  lead  and  50  to  100  grains  borax 
(this  somewhat  increased  portion  as  compared 
with  that  prescribed  below  being  due  to  the  in- 
tractability of  the  graphite) ;   half  the  lead 

having  been  mixed  with  the  above  weight, 

and  the  borax,  is  placed  in  the  scorifier  (c,  fig.  4), 
and  covered  with  the  remaming  lead.  The  three 
scorifications  are  then  proceeded  with  as  ex- 
Ijlained  below. 

In  preparing  an  ordinary  sample  for  scorifi- 
cation, if  an  ore  or  other  metallurgical  product 
previously  roasted,  it  is  first  weighed  as  received 
and  after  drying,  and  then  reduced  to  powder  and 
passed  through  a  sieve  having  80  holes  to  the 
linear  inch,  any  metallic  particles  or  '  metallics  ' 
left  behind  on  the  sieve  being  carefully  collected 
and  assayed  separately.  Percy  recommends  that 
the  following  proportions  be  taken  for  the  charge  : 
Sifted  ore     .    .     50  grains. 
Granulated  lead    500  to  1,000  grains. 
Borax      ...       5  grains. 

The  ore  being  mixed  with  about  half  the  lead 
in  a  scorifier,  the  remaining  lead  spread  evenly 
over  it,  and  the  borax  on  the  top,  the  scorifier 
is  left  in  a  muffle,  with  the  door  closed  at  first 
and  then  slightly  opened,  and  heated  above  the 
temperature  required  tor  cupellation  (i>.  page  210). 
On  the  conclusion  of  the  operation,  after  about 
three-quarters  of  an  hour's  steady  fusion,  3  or  4 
grains  of  anthracite  powder  wrapped  in  paper  are 
added  in  order  to  clear  the  mass  of  litharge  of  any 
particles  of  silver  that  may  be  entangled  in  it  (by 
reducing  a  small  quantity  of  the  oxide  to  the 
metallic  state),  and  the  scorification  will  be  com- 
plete as  soon  as  quiescence  is  restored.  The 
scorifier  is  at  once  removed  and  its  contents 
poured  into  the  mould  (6,  fig.  3).  On  cooling 
the  slag  is  detached  from  the  button  of  lead  by 
a  hammer,  and  this  button  is  cupelled  in  the 
manner  subsequently  explained,  to  extract  the 
precious  metal  it  contains. 

When  the  pot  method  is  resorted  to  for  col- 
lecting the  silver,  it  is  necessary  to  vary  the  pro- 
portions of  the  ingredients  taken  according  to 
the  composition  of  the  ore  operated  upon.  For 
ordinary  qualities,  containing  only  a  small  pro- 
porlim  of  other  metals,  the  following  are  recom- 
mended : — 

Ore  (according  to  richness)  100  to  500  grains. 
Bed  lead    ......  500 

Charcoal  powder.    ...    20  to  25  „ 

Carbonate  of  soda  (about)  250  ,, 

Borax  ,  250 

The  last  two  may  require  varying,  an  increase  in 
one  being  accompanied  by  a  corresponding  de- 
crease in  the  other. 

After  mixing  the  above  (except  a  little  of  the 
borax)  the  charge  is  introduced  into  a  crucible 
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by  means  of  the  scoop  (c,  fig.  3),  and  the  remain- 
ing borax  placed  on  the  top.  The  temperature 
of  the  crucible  is  gradually  raised,  and  in  about 
a  quarter  of  an  hour  it  is  removed  from  the  fur- 
nace and  its  contents  poured  into  a  mould,  as 
explained  under  '  scorification  ' ;  the  subsequent 
operations  are  the  same  as  there  specified. 

The  method  of  assay  of  gold  and  silver  by 
cupellation  being  the  same,  whether  it  be  an 
alloy  or  a  lead  button,  obtained  by  either  of  the 
above  methods,  it  will  be  convenient  to  proceed 
at  once  to  explain  the  several  stages  through 
which  a  bullion  assay  passes,  as  thereby  repe- 
tition will  be  avoided  and  it  will  be  obvious  how 
much  of  the  treatment  described  applies  to  the 
argentiferous  or  auriferous  lead  button. 

Cupellation  assay  of  gold  and  silver.  If  a 
current  of  air  be  allowed  to  pass  over  a  bath  of 
molten  lead  containing  various  other  metals,  the 
lead  will  be  converted  into  its  oxide — litharge  — 
and  this  litharge  will  hold  the  oxides  of  such 
oxidisable  metals  as  are  present  in  solution.  If, 
further,  the  containing  vessel  be  porous,  this 
solution  will  be  absorbed  as  it  is  formed  and, 
when  the  whole  of  the  lead  has  been  thus  ab- 
sorbed, there  will  only  remain  on  the  surface  of 
the  vessel  such  metals  as  are  not  oxidisable. 
Cupellation  is  the  method  by  which  this  fact  is 
taken  advantage  of  for  the  removal  of  precious 
or  unoxidisable  metals  from  others  with  which 
they  may  be  associated. 

In  order  to  extract  the  gold  or  silver  (or  both 
together)  from  the  lead  buttons  obtained  as 
already  explained  by  the  pot  and  scorification 
methods,  they  are  placed  in  '  cupels '  [d,  fig.  4) 
of  convenient  size,  previously  raised  to  a  red 
heat  in  the  muffle.  The  temperature  is  main- 
tained and  the  draught  regulated  so  as  to  gradu- 
ally oxidise  the  lead  in  the  manner  above  de- 
scribed ;  on  the  completion  of  this  jprocess,  which 
is  immediately  preceded  by  the  rapid  passage 
of  brilliant  iridescent  colours  over  the  surface  of 
the  button,  the  furnace  is  closed  to  allow  the 
button  to  set,  and ,  when  removed  from  the  furnace, 
it  only  remains  to  detach  adhering  bone-ash  by  a 
brush  and  weigh.  In  cases  in  which  gold  exists 
in  presence  of  silver  the  operation  is,  however, 
not  yet  complete,  and  the  further  treatment  will 
depend  on  whether  it  is  required  to  determine 
the  silver  present  or  not.  In  the  first  case  a 
'  double  parting,'  and  in  the  second  a  '  single 
parting '  assay  must  be  made  in  the  manner 
exi^lained  below. 

Assay  of  gold  bullion  and  alloys.  A  jsiece 
of  the  metal  to  be  examined  is  accurately  ad- 
justed to  correspond  in  weight  with  a  standard 
weight  or  '  assay  pound.'  This  varies  with 
different  assayers  from  5  grains  to  about  16,  but 
■g  gram  (or  7-716  grains)  may  be  tahcn  as  a 
convenient  unit.  To  this  is  added  a  pieCe  of 
silver  (free  from  gold)  equal  in  weight  to  about 
2h  times  the  gold  estimated  to  be  present  in  the 
alloy  (which  if  not  already  luiowu  can  be  ascer- 
tained by  a  preliminary  rough  assay  or  by  the 
touchstone,  page  211)  and  the  whole  is  wrapped 
in  sheet  lead,  the  weight  of  which  depends 
mainly  on  the  amount  of  copper  to  be  removed, 
and  varies  from  8  to  32  times  the  weight  of 
metal  taken  for  assay.  A  number  of  these  packets 
as  they  are  formed  are  jDlaced  in  numbered 
soiupartments  in  a  divided  tray  which  correspond 


to  the  positions  occupied  by  the  cupels,  already 
raised  to  a  bright  red  heat  in  the  muffle.  Each 
15acket  having  been  transferred  by  a  pair  of  long- 
nosed  tongs  (fig.  5)  to  its  cupel,  the  muffle  mouth 
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is  nearly  closed  and  the  heat  maintained.  In 
from  10  to  20  minutes  the  iridescent  band 
already  referred  to  will  be  observed  passing  over 
the  surface,  and  a  few  minutes  later  the  muffle 
should  be  closed  to  allow  the  buttons  to  set, 
although  some  practised  assayers  prefer  to  save 
time  by  removing  them  while  still  molten.  The 
buttons  may  now  be  considered  to  contain  only 
gold,  with  about  2.^  times  its  weight  of  silver, 
the  lead  having  eliminated  the  copper  and 
other  oxidisable  metals.  The  silver  consists 
mainly  of  that  added  in  making  up  the  lead 
packets,  but  also  includes  such  silver  as  may  have 
been  present  in  the  gold.  Indeed  it  is  mainly  this 
possibility  of  silver  being  present  that  renders 
it  necessary  to  add  the  silver  at  all,  for  the  gold 
would  protect  any  small  proportions  of  silver 
from  the  action  of  the  nitric  acid  into  which 
the  assays  are  subsequently  introduced,  and  so 
prevent  its  complete  removal.  The  buttons  (a, 
fig.  6)  after  being  brushed  to  detach  adhering 
bone-ash,  are  flatted,  b  (to  about  the  size  of  a 
sixpence  when  a  ^-grarn  pound  is  taken),  an- 
nealed and  rolled  in  a  small  hand  flatting  mill 
to  the  thickness  of  a  visiting  card,  c.  After  this 
'  fillet '  has  again  been  annealed,  it  is  coiled  into 
the  form  d  (when  it  is  known  as  a  '  cornet '), 
between  the  thumb  and  first  finger,  in  which  form 
it  is  ready  for  treatment  with  nitric  acid.  If 
gold  assays  are  only  occasionally  done,  '  parting 
)  flasks,'  6,  fig.  4,  suffice  for  this  operation,  but  where 
I  large  numbers  are  frequently  made,  the  platinum 
boiling  apparatus  described  below  is  strongly 
J  recommended  ;  but  in  this  case  the  assayer  must 
.  have  sufficient  knowledge  of  the  gold  operated 
'  upon  to  be  sure  that  none  of  the  assays  will 
break  up  in  boiling,  as  such  an  accident  would 
render  all  the  others  unreliable. 

The  first-named  method  is  conducted  as 
follows.    The  cornet  is  introduced  into  about 
2  ounces  of  nitric  acid  (sp.gr.  1'2),  previously 
[  raised  to  the  boiling-point,  and  the  boiling  is 
I  continued  for  10  minutes  ;  the  flask  is  nearly 
filled  with  hot  distilled  water,  the  liquid  decanted, 
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and  2  ounces  of  stronger  acid  (sp.gr.  1-3)  added 
and  boiled  for  an  additional  15  minutes.  The 
flask  having  been  filled  twice  with  hot  distilled 
water  and  decanted,  is  filled  a  third  time  and 
inverted,  after  placing  a  small  porous  crucible 
or  '  annealing  i3ot,'  c,  fig.  4,  over  its  mouth.  The 
pure  gold  thus  falls  gently  into  this  pot,  the 
flask  being  slowly  raised  allows  water  to  fill  it, 
and  the  fiask  itself  can  then  be  moved  oft'  hori- 
zontally while  held  vertical  without  disturbing 


any  fine  particles  in  the  pot.  It  only  now  remains 
to  decant  the  liquid,  dry  and  lieat  the  pot  to  a 
dull  redness,  when  the  gold  will  cohere,  c,  fig.  6, 
and  change  in  colour  from  red  to  the  ordinary 
yellow  tint,  in  which  condition  it  is  weighed. 

The  accompanying  illustration  (fig.  7)  shows 
a  pair  of  platinum  boilers,  as  used  in  the  Koyal 
Mint.  Each  is  20  cm.  in  diameter  and  about 
14  cm.  deep,  these  dimensions  depending  on  the 
size  of  the  platinum  tray  to  be  introduced  and 


the  amount  of  acid  required.  The  tray  a  is 
perforated  and  contains  144  platinum  cups  or 
thimbles,  also  perforated,  to  allow  of  free  circu- 
lation of  the  acid.  A  smaller  tray,  6,  containing 
36  cups,  is  also  shown,  for  use  when  a  small 
number  only  of  assays  require  to  be  boiled,  and 
it  is  used  in  conjunction  with  pans  of  corre- 
sponding size.  The  platinum  hook,  c,  is  for 
introducing  or  removing  the  tray.  Heat  is 
applied  below  by  large  Bunsen  burners,  and  the 
hoods,  d,  d,  rest  in  water  troughs,  as  do  also  the 
condensing  tubes,  e,  e.  A  portion  of  the  acid 
vapour  is  condensed  in  a  jar  placed  below  the 
platinum  connecting  piece,  /,  while  the  remain- 
der, passing  up  the  earthenware  tube,  g,  is  re- 
ceived and  condensed  in  a  vessel  contained  in  h, 
which  is  filled  with  water,  and  collected  at  j, 
any  uncondcnsed  fumes  passing  into  the  chimney 


through  a  long  vertical  glass  tube  that  rests  in 
the  opening  k.  Acids  of  the  same  strength  as 
are  used  with  fiasks  may  be  used  in  such 
pans,  but  the  boiling  should  be  more  pro- 
longed, and  care  is  necessary  that  sufficient  is 
present  to  ensure  its  not  boiling  to  dryness.  It 
is  usual  to  wash  the  tray  in  hot  distilled  water 
before  introducing  it  into  the  second  pan.  After 
removal  from  this  latter  the  tray  is  washed  and 
raised  to  a  dull  red  heat  in  the  muffle.  On 
cooling  the  assays  are  ready  for  weighing,  and 
it  is  usual  to  make  two  or  more  assays  on  chemi- 
cally pure  gold  at  the  same  time,  and  to  apply 
the  mean  '  surcharge  '  or  difference  between  their 
initial  and  final  weighings  as  a  correction  to  all 
the  assays  made  at  the  time. 

Double  parting  assay.  The  above  is  the 
method  adopted  for  the  determination  of  gold,  but 
if  it  is  required  to  ascertain  also  the  amount  of 
silver  present,  a  slight  modification  becomes 
necessary.  The  sample  is  wrapped  up  as  before, 
in  lead  foil,  but  no  silver  is  added.  The  result- 
ing button,  having  been  brushed  and  weighed, 
is  now  again  wrajjped  in  lead  with  the  neces- 
sary silver,  and  an  ordinary  parting  assay  made. 
The  gold  present  is  given  by  the  weight  of  the 
cornet,  and  that  of  the  silver  by  subtracting  the 
weight  of  cornet  from  that  of  the  button  first 
obtained. 

To  determine  small  quantities  of  gold  con- 
tained in  silver,  dissolve  a  weighed  quantity  in 
nitric  acid  (sp.gr.  1-2),  collect,  ignite,  and  weigh 
the  resulting  powder  of  gold. 

Assay  by  the  touchstone.  This  ancient 
method  consists  in  comparing  the  colour  of  the 
streak  produced  by  a  sample  of  gold  of  unknown 
composition  on  a  black  surface  with  those  from 
a  series  of  known  compositions,  after  all  have 
been  treated  alike  with  nitric  acid.  Any  abrad- 
ing surface  on  which  the  acid  is  without  action 
can  be  employed  for  this  purpose. 

Assay  of  silver  by  the  ivet  method.  When 
the  proportion  of  silver  present  in  an  alloy  is 
quite  unknown,  the  cupellation  method  of  assay 
already  described  is  always  adopted,  but  if  the 
composition  is  known  within  certain  narrow 
limits,  as  for  example,  when  refined  ingots  or 
coin  are  in  question,  the  volumetric  method 
of  Gay-Lussac  has  many  advantages  and  is 
much  employed.  It  depends  on  the  fact  that 
since  silver  is  completely  precipitated  as  chloride 
from  its  solution  in  nitric  acid  by  the  addition 
of  hydrochloric  acid  or  common  salt,  the  quantity 
of  pure  silver  present  in  solution  can  be  ascer- 
tained by  observing  the  bulk  of  a  normal  solution 
of  either  of  these  that  is  required  for  its  com- 
plete precipitation.  As  an  illustration  of  the 
method  of  procedure,  let  it  be  required  to  ascer- 
tain precisely  the  proportion  of  silver  present  in 
an  alloy  whose  comiDosition  is  known  aj^proxi- 
mately  to  be  900  (that  is,  900  parts  in  1,000). 
Now  take  such  a  weight  of  the  metal  as  to 
ensure  there  being  rather  more  than  1  gram 
present  in  it.    If  W  be  the  weight  containing 

exactly  1  gram,  of  course  W  =  =  1-111  ■ 
gram  alloy.  The  quantity  required  for  assay 
will  thus  be,  say,  1-11.5  gram,  and  this  is  dissolved 
in  about  i  oz.  of  nitric  acid  (sp.gr.  1-2)  with  the 
aid  of  heat.  A  measured  quantity  of  normal 
salt  solution  is  now  introduced  from  a  pipette, 
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the  form  of  which  varies ;  that  devised  by  Stas 
and  containing  100  c.cm.  is  very  convenient,  and 
a  pair,  as  used  in  tlie  Eoyal  Mint,  adjusted 
to  equal  capacity,  are  shown  in  fig.  8.  The 
liquid  is  first  introduced  into  the  pipette  d 
through  an  indiarubber  tube  as  shown  ac  a, 
leading  from  a  20-gallon  reservoir  at  an  ele- 
vation of  about  4  ft.  ;  any  solution  that  escapes 
at  the  upper  end  is  received  in  the  platinum 
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spoon-shaped  tube  h,  the  under  side  of  which  is 
shown  by  the  detached  tube  b',  and  by  it  led  to 
the  bottle  c.  When  the  pipette  is  full,  the  upper 
end  is  closed  by  the  finger,  the  tube  removed, 
and  a  bottle  containing  silver  in  solution  jjlaced 
underneath.  The  metal  is  immediately  precipi- 
tated as  a  white  chloride,  which  may  be  caused 
to  agglomerate  by  a  few  minutes'  shaking,  either 
by  hand  or  in  a  specially  arranged  shaking  tray. 
If  the  normal  solution  is  of  the  exact  strength 
(and  any  deviation  can  be  ascertained  by  making 
an  assay  concurrently  on  chemically  pure  silver), 
1  gram  of  silver  will  have  gone  to  form  this 
chloride,  and  any  excess  will  be  retained  in 
solution  in  the  supernatant  liquid  ;  it  only  re- 
mains, therefore,  to  determine  its  amount.  This 
is  done  by  adding  first  1  c.cm.  of  a  decimal  salt 
solution  (each  ccm.  of  which  will  therefore 
precipitate  O'OOl  gram  silver)  and  again  shaking, 
after  adding  further  c.cms.  or  not,  as  is  Judged 
necessary  from  an  examination  of  the  '  cloud  ' 
or  superficial  layer  of  chloride  produced  by  that 
first  added.  This  operation  is  continued  until 
it  is  found  that  no  further  precixJitate  can  be 
produced  ;  the  amount  of  silver  present  is  then 
I'eadily  determined  from  the  total  amount  of 
sodium  chloride  required  for  its  precipitation. 
The  observation  of  these  delicate  precipitates  is 
much  facilitated  by  standing  the  bottles  on  a 
dead  black  shelf  in  the  window,  with  a  ledge  at 
the  back  of  such  a  height  that  the  light  passes 
only  through  the  upper  portion  of  the  liquid 
contained  in  them. 

Assay  of  silver  by  wcighhtg  tlie  resulting 
chloride.  This  method,  ordinarily  used  at  the 
Indian  Mints,  consists  in  taking  a  constant 
weight  of  the  alloy  (18-817  grains,  v.  p.  207) 
which  is  dissolved  in  nitric  acid  of  sp.gr.  1-2  and 
diluted  with  water.  An  excess  of  hydrochloric 
acid  is  added  to  insure  the  precipitation  of  all 
silver  present.   After  being  two  or  three  times 


washed  with  distilled  water  and  allowed  to  rest, 
the  silver  chloride  is  transferred  to  a  cup,  dried 
at  a  temperature  not  exceeding  170^C.  and 
weighed  while  warm,  the  weights  used  giving 
the  percentage  of  silver  present  in  the  alloy, 
without  calculation,  as  explained  at  page  207. 

W.  C.  E.  A. 

ASSAY  OF  FUEI  v.  Fuel. 

ASTATKI.  A  Eussian  term,  signifying '  dregs,' 
applied  to  the  residue  left  in  the  distillation  of 
Baku  petroleum  after  the  volatilisation  of  the 
kerosene,  and  now  largely  used  as  fuel  in  the 
Caspian  region  [v.  Petroleum). 

ASTEEIA  V.  Corundum. 

ASTRALINE.  Eussian  petroleum  oil,  used 
for  burning  (v.  Petroleum). 

ASTKALITE.  A  glass  resembling  a venturine, 
but  containing  crystals  of  a  cupreous  compound 
which  by  reflected  light  exhibit  a  dichroic  iri- 
descence of  dark  red  and  greenish  blue.  Made 
by  fusing  and  allowing  to  cool  slowly  a  mixture 
of  80  pts.  silica,  120  lead  oxide,  72  sodium  car- 
bonate, 18  borax,  with  either  24  pts.  scale  oxide 
of  copper,  and  1  pt.  scale  oxide  of  iron,  or  with 
6  pts.  lime,  26  copper  oxide,  and  2  iron  oxide. 

ATACAMITE.  A  native  copper  oxychloride, 
originally  found  in  the  desert  of  Atacama,  Peru. 
It  occurs  in  the  mines  of  Schwartzenberg,  Saxony, 
abundantly  at  Algoden  Bay;  Bolivia;  at  Wallaroo, 
Yorke  Peninsula,  and  at  Burra  Burra  in  Australia. 
It  dissolves  easily  and  completely  in  acids  and 
ammonia. 

Analyses : 
Cu         01         CuO        OH,  SiO, 
13-73    15-38    65-91    13-51    Insol.  (from  Wal- 
laroo Cloud,  C.  N.  34,  254). 

CuCl^        CuO         OH,  SiO, 
13-218    64-709    14-491    7-599  (Liversidge,  C.  J. 
[3]  40,  991). 

[v.  Copper.) 

ATHAR  or  ATTAR.  Indian  name  for  vola- 
tile oil  of  roses  [v.  Attar  ok  roses). 

ATLAS  DYNAMITE  v.  Explosives. 

ATLAS  POWDER  v.  Explosives. 

ATLAS  SCARLET  V.  Azo-  colouring  matters. 

ATMOSPHERE.  The  gaseous  envelope  sur- 
rounding any  liquid  or  solid  body ;  more  parti- 
cularly the  gaseous  envelope  which  surrounds 
the  earth,  and  which  is  commonly  known  as  air. 
The  thickness  of  this  aerial  envelope  is  not 
known  even  approximately,  but  it  is  quite  certain 
that  it  exceeds  45  miles  measured  from  the 
earth's  surface,  which  was  the  limit  assigned  to 
it  by  Wollaston.  Secchi  calculated  that  air 
exists  even  at  a  height  of  200  kilometres  above 
the  earth's  surface.  The  mass  of  the  atmo- 
sphere forms,  like  the  eartli  itself,  an  oblate 
spheroid,  the  polar  axis  of  which  is  much  shorter 
than  the  equatorial  axis,  the  ratio  of  the  two 
axes  being,  according  to  Laplace,  as  2  to  3. 

The  pressure  of  the  atmosphere  at  any  parti- 
cular spot  may  be  measured  in  terms  of  the  height 
of  a  column  of  mercury  which  it  is  capable 
of  sustaining.  It  follows,  from  the  law  of 
Boyle,  that  the  density  of  the  air  rapidly  dimi- 
nishes with  the  height.  For  air  of  constant  tem- 
perature, its  density,  or,  what  comes  to  the  same 
thing,  the  height  of  the  mercurial  column, 
should  diminish  in  geometric  progression  whilst 
the  distance  from  the  earth  increases  in  arith- 
metic progression.    The  pressure,  even  at  the 
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same  place,  is  continually  varying,  from  a  variety 
of  causes,  and  lience  the  height  of  the  barometer, 
as  the  mercurial  column  was  first  termed  by 
Boyle,  is  practically  never  absolutely  constant. 
The  average  height  at  any  one  spot  at  the  set;- 
level  is  mainly  dependent  upon  the  great  move- 
ments of  air  which  result  from  the  effect  of 
the  earth's  motion  upon  the  gaseous  envelope, 
combined  with  variations  in  the  density  of  the 
aerial  mass  due  to  solar  action. 

According  to  Eegnault,  1  litre  of  dry  air,  free 
from  carbonic  acid  and  ammonia,  measured  at  0°C. 
and  0-76  m.  pressure,  at  Paris  (lat.  48°  50'),  and 
at  a  height  of  00  m.  above  the  sea-level,  weighs 
1-'21).3187  grams.  Lasch  found  that  1  litre  of  pure 
air  at  standard  temperature  and  pressure  weighs 
at  Berlin  (lat.  52°  'M')  l-293(jS5  grams. 

The  Bureau  Internat.  des  Poids  et  Mesures 
adopts  for  the  weigiit  of  1  litre  of  dry  air,  con- 
taining 'Oi  p.c.  carbonic  acid,  at  the  normal  tem- 
perature t,  and  under  the  normal  barometric 
pressure  of  1  mm., 

p^._  1-203052  1 
1  +  -00367  7G0' 
on  the  assumption  that  •00367  is  the  expansion 
coefficient  of  air  at  constant  pressure  for  a  nor- 
mal degree.  For  purposes  of  ordinary  chemical 
calculation  it  may  be  assumed  with  sufficient 
accuracy  that  1  gram  of  air  measures  at  standard 
temperature  and  isressure  773  cc. 

The  total  weight  of  the  atmosphere  is  about 
11  trillions  of  lbs.,  or  about  5  trillion  kilos.,  and 
the  relative  amounts  of  the  chief  constituents 
may  be  assumed  to  be 

Trillions  kgm. 
Nitrogen      .       .       .  4-041200 
Oxygen.       .       .       .  1-218040 
Carbonic  acid      .       .  -003156 

5-262396 

Hersohel  calculated  that,  allowing  for  the 
space  occupied  by  the  land  above  the  sea,  the 
mass  of  the  atmosphere  is  about  xttj,—  part  of 
that  of  the  earth. 

The  unit  of  pressure  adopted  by  engineers 
and  others,  and  styled  an  aiiiiosplterc,  is  an 
amount  equal  to  the  average  jaressure  of  the 
atmosphere  at  the  sea's  level.  In  British  mea- 
sure an  atmosphere  is  the  pressure  ecpiivalent  to 
29-1J05  inches  of  mercury  at  at  London, 

and  is  about  14-73  lbs.  on  the  sq.  inch.  In 
the  metric  system  it  is  the  pressure  of  700  mm. 
(29-922  inches)  at  0°C.  at  Paris,  and  is  equal  to 
1-033  kilos,  on  a  sq.  centimetre.  Hence  the 
English  '  atmosphere  '  is  0-99968  that  of  the 
metric  system. 

The  specific  heat  of  air  at  constant  pressure 
is  0-2374  (itegnault).  Its  coefficient  of  thermal 
expansion  between  —  30°  and  200°  is  -003665  for 
1°C. 

Under  a  pressure  of  200  atmospheres,  and  at 
the  low  temperature  produced  by  the  evaporation 
of  liquid  nitrous  oxide,  air  may  be  liquefied. 

Comparatively  little  of  the  sun's  heat  is 
absorbed  in  its  direct  passage  through  the  air. 
According  to  Tyndall,  a  column  of  air  1  metre 
long  absorbs  0-088  p.c.  of  the  heat  which  passes 
through  it.  According  toViolle,  and  also  Lecher 
and  Pernter,  the  amount  is  not  greater  than 
0-0J70  p.c.    This  absorption  is  mainly  due  to 


aijueous  vapour,  and,  in  a  lower  degree,  to  car- 
bonic acid  and  suspended  organic  matter.  The 
air  mainly  gets  its  heat  by  radiation  from  the 
earth,  and  hence,  as  a  rule,  it  is  hottest  near  the 
ground.  The  law  of  the  decrement  in  tempera- 
ture corresponding  to  height  is  not  known  ;  it  is 
usually  stated  to  be  about  1°  for  every  195 
metres,  but  the  rate  is  liable  to  very  great  varia- 
tions. 

Air  is  not  perfectly  transparent.  Its  particles 
reflect  and  scatter  light  in  sufficient  quantity  to 
obscure  the  light  from  the  stars.  The  blue  colour 
of  the  sky  is  due  to  the  fact  that  the  most  re- 
frangible rays  are  most  widely  scattered.  In  the 
higher  regions  of  the  atmosphere,  where  the 
amount  of  reflected  light  becomes  less  and  less, 
owing  to  the  increased  density  of  the  air,  the  sky 
appears  to  grow  gradually  darker.  Brewster  first 
proved  that  the  blue  light  from  the  sky,  as  well 
as  the  white  light  from  the  clouds,  was  due  to 
reflected  light  by  the  fact  that  it  was  i^olarised. 

Suspended  matter,  dust,  smolce,  aqueous 
vapour  in  a  state  of  partial  precipitation,  &c., 
greatly  diminish  the  transparency  of  air.  Wild 
gives  the  following  numbers  as  representing  the 
transjjarency  coefficient  of  1  metre  of  air  : 
Dry  air  (free  from  dust)  .  .  .  0-99718 
Air  of  a  room  (dry,  but  containing  dust)  0-99520 
Air  free  from  dust,  but  saturated  with 

aqueous  vapour       ....  0-99328 

The  refractive  indices  of  dry  air  at  standard 
temperature  and  pressure  for  the  Fraunhofer 
lines  A,  B,  C,  D,  E,  F,  G,  H,  are,  according  to 
Ketteler  (P.  124-401),  as  follows  : 


wA  =  1-00029286 
mB  =  1-00029345 
mC  =  1-00029383 
?tD  =  1-00029470 


hE  1-00029584 
7iF  =  1-00029685 
?iG=  1-00029873 
hH  =  1-00030026 


The  emission  spectrum  of  air  has  been  mapped 
by  Huggins  (T.  154,  139)  and  Angstrom  (P.  94, 
141),  and  the  spectrum  of  lightning  by  Kundt 
(P.  135,  315),  who  has  shown  that  forked  light- 
ning gives  a  line  spectrum,  whereas  sneet 
lightning  gives  a  band  spectrum.  The  absorption 
spectrum  of  air  was  first  mapped  by  Brewster 
and  Gladstone,  and  has  been  further  examined 
by  Janssen  and  Cornu.  Chappuis  (C.  B,.  91,  988) 
has  also  studied  this  spectrum  and  comes  to  the 
conclusion  that  the  blue  colour  of  the  sky  is 
due  to  ozone  ;  v.  also  Hartley  (C.  N.  42,  208). 

Air,  owing  to  the  oxygen  it  contains,  is  a 
magnetic  substance.  The  diurnal  variation  in 
magnetic  declination  has  been  ascribed  to  the 
varying  magnetic  potential  of  the  oxygen  due  to 
alterations  in  temperature. 

Air  is  a  mixture  of  nitrogen,  oxygen,  aqueous 
vapour,  carbon  dioxide,  with  minute  quantities 
of  ozone,  hydrogen  peroxide,  ammonia,  nitrous 
and  nitric  acids,  hydrocarbons,  &c.  That  the 
air  is  not  a  chemical  compound  of  its  component 
gases  is  proved  by  the  facts  :  (1)  that  these  gases 
are  not  present  in  any  constant  ratio ;  (2)  that 
air  can  be  made  by  simply  mixing  its  consti- 
tuents in  the  proportion  indicated  by  the  analysis 
of  air,  without  contraction  or  any  thermal  dis- 
turbance resulting  ;  (3)  that  on  treating  air  with 
water  and  expelling  the  dissolved  air  by  boiling, 
the  proportion  of  the  oxygen  to  the  nitrogen  is 
found  to  be  increased,  and  in  amount  correspond- 
ing with  the  law  of  partial  wessurcs  ;  (4)  that 
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the  constituents  of  the  air  can  be  mechanically 
separated  by  processes  of  diffusion  ;  and  (5)  that 
the  refractive  power  of  the  air  is  equal  to  the 
mean  of  the  refractive  powers  of  its  constituents, 
whereas  in  compound  gases  the  refractive  power 
is  either  gi-eater  or  less  than  the  refractive  power 
of  the  elements  in  a  state  of  mixture. 

The  amount  of  oxygen  in  air  may  be  ascer- 
tained by  measuring  the  diminution  in  volume 
which  a  known  bulk  experiences  when  in  contact 
with  some  substance  capable  of  absorbing  or 
combining  with  oxygen  gas.  Among  the  sub- 
stances which  may  be  conveniently  used  for  this 
purpose  are — 

1.  Phosjyhorits.  A  fragment  of  phosphorus 
on  the  end  of  a  platinum  or  copper  wire  is 
exposed  to  a  measured  volume  of  air  standing 
over  water  or  mercury  until  no  further  decrease 
of  volume  is  observed  (Berthollet).  Lindemann 
(Fr.  1879,  18,  158)  employs  thin  sticks  of  phos- 
phorus for  the  same  purpose  in  the  Orsat  appa- 
ratus {v.  Gas  analysis).  At  temperature  below 
7°  the  oxidation  of  the  phosphorus  ceases. 

2.  Pyrogallol  in  alkaline  solution.  Chev- 
reul,  in  1820,  first  suggested  the  use  of  this 
reagent.  The  absorption  is  apt  to  be  accom- 
panied by  the  formation  of  notable  quantities  of 
carbon  monoxide  if  the  amount  of  oxygen  is 
large  or  the  alkaline  solution  very  concentrated. 
According  to  Hempel  (B.  20,  1865),  the  best 
proportions  are  5  gr.  pyrogallol  dissolved  in 
15  c.c.  water  mixed  with  120  gr.  caustic  potash 
dissolved  in  80  cm.  of  water.  Practically,  no 
carbon  monoxide  is  formed  with  this  solution. 
The  absorption  is  very  rapiid  (Hempel,  B.  18, 
207  and  1,800). 

3.  Metallic  Copper.  A  spiral  of  copper  wire 
is  heated  to  redness  in  dry  air  free  from 
carbonic  acid  and  of  known  tension  until  the 
whole  of  the  oxygen  has  combined  with  the 
metal  to  form  cupric  oxide.  The  tension  of  the 
residua]  gas  is  then  determined,  whereby  the 
amount  of  nitrogen  is  ascertained,  and  hence 
the  amount  of  oxygen.  An  apparatus  on  this 
principle  was  suggested  by  Jolly  (W.  N.  S.  6,538) ; 
it  is  seen  in  fig.  1. 

The  glass  vessel  a,  of  about  100  c.c.  capa- 
city, is  exhausted  by  the  mercurial  pump,  and  is 
replenished  with  the  air  under  investigation. 
This  is  then  cooled  to  0°  by  surrounding  a 
with  the  metallic  cylinder  b,  which  is  filled 
with  melting  ice.  The  tension  of  the  confined 
air  is  measured  by  the  height  of  mercury  in  the 
glass  tubes  g  and  d,  which  are  connected  together 
by  caoutchouc  tubing.  The  tube  g  is  movable 
in  the  clamp  /,  the  position  of  d  being  fixed  with 
reference  to  a.  By  turning  the  three-way  stop- 
cock 6,  A  and  d  may  be  alone  brought  into 
connection,  or  both  may  be  made  to  connect 
with  the  outer  atmosphere.  The  cock  is  novir 
so  turned  that  a  and  d  are  alone  in  connection  ; 
the  tube  g  is  now  raised  until  the  level  of 
the  mercury  in  d  just  touches  the  point  m, 
when  the  tension  of  the  air  is  read  off'  on  the 
graduated  scale  behind  g.  The  copper  spiral  in 
A  is  next  heated  to  redness  by  an  electric  current, 
whereby  the  heated  metal  rapidly  combines  with 
the  oxygen.  The  cylinder  b  is  once  more  placed 
round  a,  the  residual  nitrogen  cooled  down  to  0° 
by  means  of  melting  ice,  and  its  tension  mea- 
sured by  adjusting  the  level  of  the  mercury  to  w, 


and  reading  off  the  height  of  the  mercury  in  g. 
If,  for  example,  the  pressure  before  abstracting 
the  oxygen  was  702-50  min.,  and  after  the  ab- 
straction was  555-70  min.,  then  1  volume  of  the 


Fig.  1. 


5.55*70 

air  would  be  reduced  to  =  -  =  '79096  vol., 

702-56 

or  expressed  centesimally,  the  composition  of 

the  air  would  be 

Nitrogen  ....  79-096 
Oxygen    ....  20-904 

100-000 

Kreusler  has  shown  that  unless  the  air  be  care- 
fully dried  before  being  heated  with  the  copper 
spiral  the  proportion  of  oxygen  will  be  apparently 
too  low. 

Dumas  and  Boussingault  (A.  Ch.  [3]  3,257), 
as  far  back  as  1841,  made  use  of  the  fact 
that  heated  metallic  copper  combines  with 
oxygen  in  order  to  determine  the  gravimetric 
composition  of  air.  Air  deprived  of  moisture 
and  carbonic  acid  was  passed  through  a  weighed 
tube  containing  metallic  copper  heated  to  red- 
ness whereby  all  the  oxygen  was  absorbed,  the 
nitrogen  being  collected  in  a  vacuous  glass  globe 
also  previously  weighed.  At  the  conclusion  of 
the  experiment  the  tube  containing  the  metallic 
copper  was  again  weighed ;  the  increase  in  its 
weight  gave  the  amount  of  absorbed  oxygen  to- 
gether with  the  weight  of  the  nitrogen  which  it 
also  contained.  The  nitrogen  was  then  removed 
by  the  air  pump  and  the  tube  again  weighed ; 
the  difference  between  the  first  and  third  weigh- 
ing of  the  tube  containing  the  cojiper  gave  the 
weight  of  absorbed  oxygen  and  the  weight  of 
nitrogen  was  obtained  by  adding  the  difference 
between  the  second  and  third  weighing  of  the 
tube  to  the  increase  in  the  weight  of  the  glass 
globe.  As  the  mean  of  a  large  number  of  ex- 
periments made  by  this  method,  the  percentaga 
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composition  by  weight  of  air  free  from  water 

and  carbonic  acid  was  found  to  be : 

Oxygen     ....  23-00 
Nitrogen    ....  77-00 
100-00^ 

4.  Explosion  xuitli  hydrogen.  A  measured 
volume  of  air  is  mixed  with  a  Ijnown  volume  of 
hydrogen  in  excess  and  the  mixture  is  exploded 
by  the  electric  sijark,  when  the  oxygen  combines 
with  the  hydrogen  in  the  proportion  of  1  vol. 
of  the  former  to  2  of  the  latter  to  form  water. 
One-third  of  the  contraction  resulting  from  the 
explosion  ruprcsents  therefore  the  amount  of 
oxygen  in  the  air  under  examination.  This 
method,  first  suggested  by  Volta,  was  perfected 
by  Bunsen.  Modifications  of  the  method  have 
been  made  by  Kegnanlt  and  Eeiset,  Williamson 
and  Eussell,  Frankland  and  Ward,  and  others. 
These  methods  are  extremely  accurate,  and 
have  afforded  us  all  the  exact  knowledge  we 
have  respecting  the  variations  in  the  amount  of 
oxygen  in  atmospheric  air.  Thus  Bunsen  in  a 
series  of  analyses  made  in  the  winter  of  ISiO 
found  that  the  percentage  amount  varied  from 
20-97  to  20-84.  Kegnault  made  a  large  number 
of  analyses  of  air  collected  from  all  parts  of  the 
world.  In  100  analyses  of  air  collected  in  Paris 
the  minimum  amount  of  oxygen  was  20-913,  the 
maximum  20-999.  Air  collected  in  various  parts 
of  Europe,  from  above  the  Atlantic  Ocean,  from 
the  summits  of  the  Andes  and  from  the  South 
Polar  Sea,  contained  an  amount  of  oxygen  varying 
from  20-86  to  21  p.c.  Many  hundreds  of  analyses 
were  made  by  Angus  Smith  of  air  collected  in 
various  towns  in  England  and  Scotland,  and  also 
of  air  collected  in  the  country.  The  oxygen  in 
London  air  varied  from  20-857  to  20-95,  less 
oxygen  as  a  rule  being  found  in  the  air  of  streets 
than  in  that  of  the  parks  and  open  spaces.  A 
series  of  30  analyses  of  Glasgow  air  showed 
variations  from  20-887  in  the  closer  parts  to 
20-929  in  the  more  open  spaces.  Even  wider 
extremes  were  found  by  Leeds  in  the  air  of  New 
York,  viz.,  from  20-821  to  21-029  p.c.  According 
to  E.  W.  Morley  the  diminished  proportion  of 
oxygen  may  be  caused  by  the  down-rush  of 
air  from  the  higher  regions  of  the  atmo- 
sphere which  probably  contain  a  less  relative 
amount  of  oxygen.  Eegnault's  experiments 
afford  some  evidence  for  the  belief  that  the  air 
of  the  trollies  contains  slightly  less  oxygen  than 
that  in  northern  latitudes  {v.  also  Jolly,  W. 
N.  P.  Gl,  520).  A  similar  conclusion  has  been 
drawn  by  Hempel  (B.  20, 1864)  from  the  analysis 
of  a  large  number  of  analyses  of  air  collected 
simultaneously  at  Tromso,  Dresden,  and  Paris. 
The  mean  results  were  : 

Tromso  20-92 

Dresden  20-90 

Paris   20-89 

From  the  results  of  203  analyses  of  air  col- 
lected at  five  different  spots  and  analysed  by 
three  independent  methods,  it  follows  that  the 
most  probable  mean  percentage  amount  of  oxygen 
was  20-93.  The  maximum  21-00  was  observed 
at  Tromso  on  April  22,  1886,  the  minimum 
20-86  at  Paris  on  April  26,  1886  (Hempel,  B. 
20,  1864  ;  Kreusler,  B.  20,  991). 

Ozone  is  always  present  in  minute  quantity 
in  normal  air.    Air  over  marshes  contains  little 


or  no  ozone.  No  ozone  can  be  detected  in  the 
air  of  large  towns  or  in  inhabited  houses.  At- 
mospheric ozone  is  probably  formed  by  the  action 
of  electricity  on  air  and  on  the  water  contained 
in  it,  and  by  the  evaporation  of  water.  No 
accurate  quantitative  method  is  known  for  the 
estimation  of  ozone  ;  all  the  information  we  at 
present  possess  has  been  obtained  by  the  use  of 
so-called  ozone-papers.  Of  these  the  best  known 
is  Schonbein's,  which  is  based  on  the  fact  that 
ozone  liberates  iodine  from  potassium  iodide  and 
thereby  renders  starch  blue.  To  prepare  them 
unsized  paper  is  imrnersed  in  a  solution  of  15 
parts  starch  and  1  part  potassium  iodide  in  200 
parts  of  water  and  dried  in  the  dark.  To  make 
a  determination  of  ozone  the  paper  is  freely  ex- 
posed to  the  air  for  some  hours  and  moistened 
with  water,  and  the  depth  of  tint  produced  com- 
pared with  a  standard  scale  of  colour.  The 
method  has  no  pretensions  to  scientific  accuracy. 
Houzeau  (A.  Ch.  4,  27,  5)  determines  the  relative 
amount  of  ozone  by  exposing  red  litmus  paper 
l^reviously  dipped  in  1  p.c.  sol.  of  potassium 
iodide  and  dried,  to  the  action  of  the  air.  The 
ozone  liberates  iodine  and  the  free  alkali  turns 
the  paper  blue.  Thallium  salts  are  turned  brown 
by  the  action  of  ozone,  and  hence  papers  soaked 
in  solution  of  these  salts  have  been  used  for  the 
recognition  of  ozone.  Paper  soaked  in  a  very 
dilute  solution  of  neutral  gold  chloride  is  turned 
a  deep  violet  colour  by  ozone  (Bottger,  C.  0. 
1880,  719). 

Attempts  have  been  made  to  estimate  ozone 
by  aspirating  large  volumes  of  air  through 
dilute  solutions  of  hydriodic  acid  and  determining 
the  amount  of  the  liberated  iodine  by  iodometric 
analysis.  Also  by  leading  the  air  through  a 
mixed  solution  of  potassium  arsenite  and  potas- 
sium iodide  whereby  the  liberated  iodine  converts 
the  arsenite  to  arsenate.  The  liquid  through 
which  the  air  had  passed  was  then  mixed  with 
a  few  drops  of  ammonium  carbonate  solution  and 
starch  paste,  and  a  standard  solution  of  iodine 
(1 :  1,000)  added  until  the  blue  colour  was  per- 
manent. A  precisely  similar  experiment  was 
made  on  equal  amounts  of  distilled  water,  iodine, 
arsenite  c&c.  used,  and  from  the  difference  in  the 
amount  of  iodine  solution  needed  the  amount  of 
oxidised  arsenite  and  hence  the  quantity  of  ozone 
was  determined. 

It  appears  that  the  amount  of  ozone  varies 
with  the  seasons  :  it  is  greatest  in  spring,  be- 
comes gradually  less  during  summer  and  autumn, 
and  is  least  in  winter.  Ozone  is  more  frequently 
observed  on  rainy  days  than  in  tine  weather : 
thunderstorms,  gales,  and  hurricanes  are  fre- 
quently accompanied  by  relatively  strong  mani- 
festations of  it. 

It  is  highly  probable  that  many  so-called 
ozone  manifestations  are  due  to  hydrogen  per- 
oxide, the  existence  of  which  in  the  air  was 
first  demonstrated  by  Meissner  in  1863.  Unfor- 
tunately there  is  no  ready  mode  of  discriminating 
between  ozone  and  hydrogen  peroxide.  It  is  pro- 
bable that  the  amount  of  hydrogen  peroxide  in  the 
air  is  as  a  rule  greater  than  that  of  ozone.  Schone 
found  from  observations  made  at  Moscow  that  it 
was  invariably  present  in  rain,  dew,  and  snow, 
and  was  less  in  winter  than  in  summer  ;  and 
more  in  southerly  winds  than  in  those  from  the 
north.    The  amounts  in  all  cases  were,  how- 


216 


ATMOSPHERE. 


ever,  very  minute,  the  iiiasimura  being  Vi  c.c, 
and  the  mean  0-38  c.c.  hydrogen  peroxide  vapour 
in  1,000  cc.  air. 

The  quantity  of  aqucoics  vapour  in  the 
air  varies  with  the  temperature  :  thus  1  cm.  of 
air  when  saturated  with  water  contains 
At -10°    2-284  grams  At +  20°  17-157  grams 
0°    4-871      „  25°  22-843  „ 

+  5°    6-795     „  30°  30-095  „ 

10°    9-362     „  35°  39-252  „ 

15°  12-746  „ 
The  most  accurate  method  of  determining 
tlie  amount  of  aqueous  vapour  in  the  air  consists 
in  aspirating  a  given  volume  of  the  air  through 
weiglied  tubes  filled  with  some  hygroscopic  sub- 
stance, such  as  calcium  chloride  or  phosphoric 
oxide  or  pumice  soaked  in  oil  of  vitriol  and  re- 
weighing  the  tubes,  when  the  increase  of  weight 
gives  the  quantity  of  moisture  present. 

Usually,  however,  the  humidity  of  the  air  is 
estimated  by  means  of  hygrometers,  the  best- 
known  form  of  which  is  the  psychrometer  or 
wet  and  dry  bulb  thermometer  of  August.  The 
absolute  Immidity  of  the  air  is  the  weight  of 
aqueous  vapour  contained  in  1  cm.  The  rela- 
tive humidity  denotes  the  relation  between  the 
weight  actually  present  and  that  which  could 
be  theoretically  present  if  the  air  were  saturated  ; 
it  is  usually  exjpressed  in  per  cent,  of  the  maxi- 
mum humidity.  The  air  is  seldom  absolutely 
saturated  with  aqueous  vapour,  although  in  our 
moist  climate  saturation  is  occasionally  very 
nearly  attained.  With  us  the  most  humid  month 
is  January,  and  the  driest  is  May. 

The  presence  of  carbonic  acid  in  the  at- 
mosphere was  iirst  indicated  by  Macbride  in 
1764.  The  quantity  in  normal  air  is  about  -03 
p.c. ;  in  that  of  large  towns  it  is  slightly  greater. 
Angus  Smith  gives  the  following  summary  of 
results  obtained  in  London  in  1864  and  1869 
(Air  and  Eain,  53-58)  : 

Over  Eiver  Thames    .    8  expts.    -0343  p.c. 
In  the  Park  ....    5     „       -0301  „ 
In  the  streets    ...  10     ,,       -0380  „ 
Metropolitan  Railway — (mean  of  0 
expts.  on  air  taken  from  Nov.  12 
toNov.l5).  Oxygen  =  20-70  p.c.  0-1452 
Any  circumstance  which  interferes  with  the 
ready  diffusion  of  the  products  of  respiration 
and  the  combustion  of  fuel  will  of  course  tend 
to  increase  the  relative  amount  of  carbonic 
acid  in  the  air  of  a  town  :  hence  during  fogs 
the  amoujit  may  be  as  great  as  0-1  p.c. 

The  amount  of  carbonic  acid  in  the  air  of 
the  country  at  night  is  usually  greater  than  in 
tlie  day,  as  the  following  comparison  shows  : 

Air  in  the  daytime. 


Observer 

Year 

Place 

No.  of 
expts. 

Amount 

Fr.  Schulze  .  . 
T.  Reiset      .  . 
Ct.  F.  Ai'mstrong 
Miintz  &  Aublii 
A.  Levy        .  . 

1861-71 
1873-80 
1879 
1881 
1877-83 

Eostock  .  . 
Ecoroheboeuf 
Grasmere  . 
Vinceiiues  . 
Moutsoui'is . 

1034 
104 
27 

35 
25U0 

•0292  p.c. 
•0290  „ 
•0296  „ 
■0284  „ 
•0209  „ 

3700 

•0299Mean 

Air  in,  the  night-time. 

T.  Eeiset  .  .  . 
G.  F.  Armstrong 

1873-80 
1879 

Ecorcbeboeuf 
Grasmere  . 

72 

29 

•0304  P.O. 
•0330  „ 

lUL 

•0317Mean 

These  differences  are  mai.ily  due  to  the  ex- 
halation of  carbonic  acid  from  plants  at  night, 
and,  to  a  smaller  extent,  to  the  absence  of  any 
decomposition  of  the  gas  by  the  action  of  sun- 
light. Over  the  sea  this  diurnal  variation  is  not 
perceived,  as  the  following  results  indicate  : 

Carbonic  acid  in  sea-air. 


Observer 

Place 

Tear 

Time 

No.  of 
expts. 

Amount 

T.  E.Thorpe 

Irish  Channel 
and  At. antic 
Oceau 

18C5-6 

Day  . 

Night 

24 

20 

•0301  p.c. 
•0299  „ 

44 

■0300 

Comparatively  few  observations  of  the  amount 
of  carbonic  acid  in  other  parts  of  the  earth  than 
Europe  have  been  made.  The  following  may  be 
cited : 

Carbonic  acid  in  the  air  of  tropical  countries. 


T.  E.  Thorpe  . 
Miiutz  &  Aubin 

S.  America 
S.  &  Central  I 
America  ] 

1866 
1882 

31 
40 

-0328  p.c. 
-0278  „ 

71 

-U303 

The  pressure  exerted  by  the  carbonic  acid  in 
air  is  so  small  that  its  amount  is  not  perceptibly 
diminished  by  rain.  The  amount  also  is  not 
sensibly  altered  in  the  higher  regions  of  the 
atmosphere. 

Of  the  several  methods  which  have  been  pro- 
posed for  the  estimation  of  atmospheric  carbonic 
acid  the  most  generally  convenient  is  that  of 
Pettenkofer.  It  consists  in  exposing  a  known 
volume  (say  60  c.c.)  of  dilute  baryta  water  of 
known  strength  to  a  measured  quantity  of  air 
(4  to  6  litres)  contained  in  a  well-closed  flask.  In 
about  5  or  6  hours  the  absorption  of  the  car- 
bonic acid  will  be  complete,  provided  that  the 
sides  of  the  flask  have  been  moistened  from  time 
to  time  by  the  baryta  solution.  The  baryta 
solution  is  then  decanted  and  allowed  to  stand 
in  a  small  stoppered  bottle  until  the  barium  car- 
bonate has  settled,  when  aliquot  portions  (say 
20  c.c.)  of  the  clear  solution  are  withdrawn  and 
the  amount  of  the  baryta  still  in  solution  deter- 
mined by  titration  with  a  standard  solution  of 
sulphuric  or  hydrochloric  acid,  of  which  1  c.c.  =  1 
mgm.  CO^,,  phenol  tlialein  being  used  as  indicator 
(v.  Acidimetky).  The  difference  in  the  volume 
of  acid  needed  for  the  neutralisation  of  the  ba- 
ryta before  and  after  exposure  to  the  confined 
volume  of  air  gives  the  number  of  milligrams  of 
carbonic  acid  contained  in  the  air.  Blochmann 
(A.  237,  72)  has  described  a  modification  of 
the  apparatus  which  allows  of  the  titration  being 
effected  without  exposure  to  the  air  of  the  labo- 
ratory. 

For  other  methods  v.  Haldane  and  Pembrey, 
P.  1889  ;  CI.  Winkler,  Chem.  Unter.  der  Indus- 
triegase,  Freiberg  1877  ;  Reiset,  C.  S.  90,  1,144 ; 
Muntz  and  Aubin,  C.  R.  92,  247. 

For  Angus  Smith's  minimetric  method,  v. 
Air  and  Eain  (compare  Lunge,  D.  P.  J. 
231,  331). 

On  the  influence  of  the  sea  upon  the  amount 
of  atmospheric  carbonic  acid,  v.  Levy  (A. 
Ch.  [3]  34,  5);  Thorpe,  C.  J.  18G7 ;  Schloes- 
ing,  C.  E.  93,  1,410 ;  Lawcs,  P.  M.  (5)  11,  20G. 


ATMOSPHERE. 


217 


IViinute  quantities  of  ammonia  and  nitrous 
and  nitric  acids  are  also  present  in  the  air. 
Although  many  of  the  published  observations 
are  probably  inaccurate  owing  to  the  imper- 
fection of  the  methods  employed,  it  appears  to 
be  proved  that  the  amount  of  ammonia,  which 
exists  mainly  as  carbonate,  is  subject  to  very 
great  variations.  By  aspirating  from  10  to  20 
litres  of  air  through  Nessler's  solution  (an  alka- 
line solution  of  potassium-mercury  iodide)  and 
comparing  the  depth  of  colour  with  that  pro- 
duced by  a  standard  solution  of  an  ammonium 
salt,  H.  T.  Brown  (P.  18,  28G)  found  that  the 
air  of  Burton-on-Trent  during  September,  Octo- 
ber, and  November,  1869,  taken  2  metres  from 
the  ground,  contained  from  •4059  to  -8732  parts 
(NH,),,C03  in  100,000  parts  of  air,  whereas  that  of 
the  country  taken  during  December  and  February 
contained  from  '5102  to  -0085  i^arts.  The  direc- 
tion of  the  wind  had  apparently  no  influence  on 
the  amount  ;  heavy  rain  seemed  to  diminish  it, 
but  the  air  was  restored  to  its  normal  condition 
in  a  few  hours.  Truehot  found  from  0'93  to 
2'79  mgm.  per  cubic  metre  in  the  air  of  Auvergne, 
the  minimum  being  found  in  clear  weather  and 
the  maximum  during  fogs  (C.  K.  77,  1,059). 
Miintz  and  Aubin  from  observations  on  rain 
water  found  that  the  upper  strata  of  air  contain 
much  less  ammonia  than  air  near  the  ground. 
Levy  (0.  R.  91,  94)  found  that  the  rain  water 
and  snow  of  Paris  contain  in  mean  1'17  mgm. 
of  ammoniacal  nitrogen  per  litre  of  water.  The 
amount  of  ammonia  in  tliis  meteoric  water  is 
least  in  winter  and  greatest  during  the  warmer 
periods  of  the  year.  Lawes  and  Gilbert  found 
that  1,000,000  pts.  of  rain  water  collected  in  the 
country  contained  from  0'927  to  1*142  pts.  of 
ammonia.  Rain  water  collected  in  towns  always 
contains  large  quantities  of  ammonia.  Thus 
Angus  Smith  found  that  rain  water  collected  in 
the  sparsely  populated  districts  in  Scotland  con- 
tained 0"53  pts.  i^er  million,  whereas  the  rain 
water  of  London  contained  3"45,  that  of  Liver- 
pool 5-38,  that  of  Manchester  G-47,  and  that  of 
Glasgow  9-1  i^er  million.  The  increased  amount 
in  the  towns  is  doubtless  due  to  the  influence  of 
animal  life  and  to  the  constant  presence  in 
greater  proportion  than  in  the  country  of  readily 
decomposable  nitrogenous  organic  matter  in  the 
air. 

The  quantities  of  nitrous  and  nitric  acids  in 
the  air  are  even  smaller  than  that  of  ammonia. 
Angus  Smith  (Air  and  Rain,  287)  has  given 
the  following  results  showing  the  amount  con- 
tained in  a  million  pts.  of  rain  water  : 

Scotland,  inland  country  places  0'305 

Ireland       „  „  „  0-370 

Scotland,  country  places         .  0-424 

,,       towns        .       .       .  1-164 

England,  inland  country  places  0-749 

„       towns        .    "  .       .  0-8G3 

Occasionally,  and  more  especially  in  the  air  of 
towns,  minute  quantities  of  hydrocarbons, 
sulphuretted  hydrogen,  carbonic  oxide, 
sulphurous  acid,  common  salt,  alkaline 
sulphates  are  met  with.  Boracic  acid  and 
sal  ammoniac  have  been  observed  in  air  in 
the  neighbourhood  of  active  volcanos. 

Organic  matter  in  greater  or  less  quantity 
is  always  present  in  the  air.    Much  of  this  is 


nitrogenous  and  apparently  readily  susceptible 
to  putrefaction,  giving  rise  to  products  which  are 
alternately  transformed  into  ammonia,  nitrous 
and  nitric  acids.  This  form  of  organic  matter 
reduces  silver  nitrate  and  jjotassium  perman- 
ganate solutions.  A  portion  of  the  organic 
matter  consists  of  micro-organisms  which 
are  rapidly  deposited  in  the  absence  of  strong 
aerial  currents.  Hesse  quantitatively  estiinates 
the  relative  proportions  of  micro-organisms  con- 
tained in  air  by  aspirating  a  given  volume  of 
the  air  through  glass  tubes  coated  internally 
with  gelatine  peptone  which  is  then  kept  at  a 
temperature  of  about  25''-'  for  some  days,  when 
the  various  monad  bacilli  and  micrococci  which 
are  arrested  and  which  are  capable  of  growing 
in  the  gelatine-peptone  are  recognised  by  the 
colonies  which  they  form.  By  means  of  this 
method  Dr.  Percy  F.  Frankland  has  made  a 
number  of  estimations  of  the  micro-organisms 
contained  in  the  air  of  towns  and  in  the  country 
and  in  inhabited  buildings.  By  simultaneously 
exposing  small  circular  glass  dishes  partially 
filled  with  the  nutrient  gelatine  to  the  action 
of  the  air,  a  rough  estimate  was  obtained  not 
only  of  the  number  of  micro-organisms  in  a 
given  volume  of  the  air,  bat  also  of  the  number 
which  fell  during  a  given  time  on  a  definite  hori- 
zontal area.  As  the  mean  of  a  series  of  obser- 
vations made  on  the  roof  of  the  South  Kensing- 
ton Museum  between  January  and  June,  1880, 
it  was  found  that  there  were  35  organisms  in  10 
litres  of  air,  whilst  279  was  the  average  number 
which  fell  on  1  sq.  ft.  in  1  minute.  Similar  ex- 
periments made  near  Reigate  and  in  the  vicinity 
of  Norwich  showed  an  average  of  14  organisms 
in  10  litres  of  air,  while  79  fell  per  sq.  ft.  per 
minute.  Experiments  made  in  Kensington 
Gardens,  Hyde  Park,  and  on  Primrose  Hill  gave 
an  average  of  24  organisms  in  10  litres,  and  a 
j  deposition  of  85  per  sq.  ft.  per  minute.  At 
St.  Paul's  Cathedral  56  organisms  were  found 
at  the  base,  29  in  the  Stone  Gallery  and  11  in 
the  Golden  Gallery  in  10  litres  of  air.  At 
Norwich  Cathedral  18  at  the  base,  9  at  a  height 
of  180  ft.  and  7  at  300  ft.  In  inhabited  buildings 
great  variations  were  observed ;  as  a  rule  the 
number  of  mici-o-organisms  was  less  than  was 
found  in  the  open  air  when  the  air  of  the  room 
was  undisturbed,  but  rose  rapidly  when  the  air 
was  set  in  motion  by  draughts  or  by  the  pre- 
sence of  many  people  (P.  F.  Frankland,  Pr.  40, 
509). 

Experiments  made  at  the  Montsouris  Obser- 
vatory have  shown  that  far  fewer  organisms  are 
present  in  the  air  during  winter  than  during 
spring  and  summer.  The  number  also  seems  to 
be  greatly  increased  after  rain.  Whilst  in  the 
warm  months  the  number  of  spores  in  1  litre  of 
air  was  28,  after  heavy  rain  it  rose  to  95  and 
120. 

Atmospheric  dust  is  made  up  of  both  inor- 
ganic and  organic  matter.  Tissandier  found  that 
1  cm.  of  the  air  of  Paris  contained  on  the  average 
7-5  mgms.  of  dust ;  after  a  period  of  dry  weather 
(8  days)  23-0  mgms.,  and  after  heavy  rain  only 
6-0  mgms.    It  consisted  of  from  27  to  34  p.c. 

i  volatile  matter  and  from  66  to  75  p.c.  mineral 
matter,  viz.  sulphates  and  chlorides  of  the  al- 
kalis and  alkalin?  eavths,  oxides  of  iron,  earthy 

i  carbonates  and  phosjjliates,  &c. 
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Aluminium  .... 

Al 

27-0-1 

Antimony  (Stibium) 

Sb 

119-6 

Arsenic  .... 

As 

74-9 

Barium  .... 

Ba 

136-86 

Beryllium 

Be 

9-08 

Bismuth  .... 

Bi 

207-5 

Boron  .... 

B 

10-9 

Bromine  .... 

Br 

79-76 

Cadmium  .... 

Cd 

111-7 

Csesium  .... 

Cs 

132-7 

Calcium  .... 

Ca 

39-91 

Carbon  .... 

C 

11-97 

Cerium  .... 

Ce 

141-2 

Chlorine  .... 

CI 

35-37 

Chromium  .... 

Cr 

52-45 

Cobalt  

Co 

58-G 

Copper  (Cuprum) 

Cu 

63-18 

Decipium  ... 

Dp 

? 

Didymium  .... 

D 

145'-0 

Erbium  .... 

E 

166 

Fluorine 

F 

19-06 

Germanium 

? 

Gold  (Aurum) 

Au 

196-8 

Hydrogen  .... 

H 

1-00 

Indium  .... 

In 

113-4 

Iodine  .... 

I 

126-54 

Iridium  .... 

Ir 

192-5 

Iron  (Ferrum) 

Fe 

55-88 

Lanthanum .... 

La 

138-5 

Lead  (Plumbum) . 

Pb 

206-39 

Lithium  .... 

Li 

7-01 

Magnesium  , 

Mg 

23-94 

Manganese  .... 

Mn 

54-8 

Mercury  (Hydrargyrum) 

Hg 

199-8 

Molybdenum 

Mo 

95-9 

Mosandriuni 

Ms 

? 

Nickel  .... 

Ni 

58-6 

Niobium  .... 

Nb 

93-7 

Nitrogen  .... 

N 

14-01 

Norwegium  .... 

Ng 

? 

Osmium 

Os 

195 

Oxygen  .... 

0 

15-96 

Palladium  .... 

Pd 

106-2 

Phosphorus 

P 

30-96 

Platinum  .... 

Pt 

194-3 

Potassium  (Kaliuui) 

K 

39-03 

Rhodium  .... 

Eh 

104-1 

Rubidium  .... 

Rb 

85-2 

Ruthenium  .... 

Ru 

103-5 

Samarium  {Y0  ?) 

Sa 

? 

Scandium  .... 

Sc 

43-97 

Selenium  .... 

Se 

78-87 

Silicon  .... 

Si 

•28-3 

Silver  (Argentum) 

Ao" 
-^o 

107-66 

Sodium  (Natrium) 

Na 

22-995 

Strontium  .... 

Sr 

87-3 

Sulphur  .... 

s 

31-98 

Tantalum  .... 

Ta 

182 

Tellurium  .... 

Te 

126-3 

•Terbium 

Tb 

•? 

Thallium    ,       .       .  . 

Tl 

203-7 

Thorium  .... 

Th 

231-96 

Thulium  .... 

Tm 

? 

Tin  (Stannum)  . 

Sn 

117-25 

Titanium  .... 

Ti 

48-0 

Tungsten  (Wolfram)  . 
Uranium  .... 

W 

183-G 

U 

239-8 

Vanadium  .      •      ,  . 

V 

51-1 

Atomic  Weights  and  Symbols— continued. 


YaandY;3  . 

* 

? 

Yttrium 

Y 

89-6 

Zinc    .  . 

Zn 

64-88 

Zirconium  . 

Zr 

90-4 

ATOPITE.  a  mineral  containing  72-61  p.c. 
Sb.,0-,  17-85  CaO,  2  79  FeO,  11-53  MnO,  0-86 
K.O,  and  4-40  Na.O  (Nordenskiold,  J.  31,  1,275). 

'  ATKAMENTUM  STONE.  (Atramcntumstcin, 
Ger.)  A  product  of  the  partial  oxidation  of  iron 
pyrites,  consisting  of  a  mixture  of  ferrous  and 
ferric  sulphates  with  free  ferric  oxide.  Used  in 
the  manufacture  of  ink. 

ATROPINE  V.  Vegeto-aikaloids. 

ATTAR,  OTTAR  or  OTTO  of  ROSES,  is  the 
volatile  oil  obtained  by  distilling  roses,  or,  in 
some  districts,  by  simple  maceration  of  those 
flowers.  It  is  a  mixture  of  a  fluid  nitrogenous 
essential  oil,  and  a  crystallisable,  non-nitro- 
genous stearoptene,  which  latter  is  most  abun- 
dant in  samples  from  colder  regions,  which  con- 
sequently congeal  more  readily. 

Attar  of  roses  is  made  in  Hindostan,  Persia, 
and  the  Balkans ;  from  which  last-named  dis- 
trict the  largest  part  of  the  European  suiDply  is 
derived.  ■  . 

The  trade  in  the  article  is  nearly  all  central- 
ised at  Kezanlik.  The  method  of  producing  it 
is  as  follows  : — 10  kilos  of  dry  roses  of  the 
strongly  scented  Muscat  variety  are  placed  in  a 
still  of  peculiar  shape  together  with  70  kilos  of 
water,  and  the  distillate  collected  by  a  simple 
condenser ;  this  gives  about  20  kilos  of  rose- 
water,  which  is  redistilled  and  the  drops  of  otto 
of  roses  floating  upon  the  surface  of  the  product 
are  collected.  Pure  Turkish  (Eoumelian  and 
Bulgarian)  otto  of  roses  congeals  at  14  C. 
Italian  otto  of  roses  congeals  at  16-5°C.  h 
sample  of  otto  of  roses  produced  from  English- 
grown  roses  at  Mitcham  melted  at  21°C. 

Small  quantities  are  produced  in  the  south 
of  France  and  the  Italian  borders.  In  1887  an 
attempt  was  made  to  produce  it  in  Germany, 
when  about  25  acres  were  laid  out  for  the  culti- 
vation of  roses  near  Leipzig,  and  yielded  in  the 
first  year  2  kilos  of  oil  and  3,000  kilos  of  rose- 
water.  1,000  kilos,  of  rose-leaves  is  required  to 
yield  1  kilo,  of  oil.  It  was  said  that  the  Ger- 
man oil  had  a  superior  perfume  to  that  imported 
from  Kezanlik,  which  costs  about  700  marks  per 
kilo. 

Attar  of  roses  is  frequently  adulterated  with 
the  otto  of  Geranium  rosa,  rosewood  {Convolvulus 
scopariiis)  and  sandalwood  oils. 

AURAMINE  Imidotetmmethyldiparamido- 
diphenylmc  thane  C|.H.,|N.|,HC1  +  H.p  or 
NMe.,.C,H,.C(NH).C,H,.N'Me„  HCl  -  H,0. 

Auramine,  the  first  member  of  a  series  of 
yellow,  orange-yellow  or  brown  dyes,  is  the 
hydrochloride  of  a  colourless  base  obtained  by 
the  action  of  ammonia  on  tetramethyldiamido- 
benzophenone,  and  comes  into  the  market  either 
in  the  nearly  pure  form  as  Auramine  0,  or  mixed 
■with  dextrin  as  Auramine  I.  and  II.  (Graebe, 
B.  20,  3264).  Fehrmann  (B.  20,  2847)  pro- 
posed to  restrict  the  name  auramine  to  the 
colourless  base,  but  such  a  change  would  inevit- 
ably lead  to  confusion,  and  Graebe  (I.e.)  has 
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consequently  adoiitcd  the  name  auraminc-hase 
for  the  base  itself,  using  the  term  auramine  in 
its  usual  signification. 

Preparation. — (1)  When  tetramethyldiamido- 
benzophenone,  dissolved  in  some  indifferent 
solvent,  such  as  chloroform,  carbon  l)isulphide, 
hydrocarbons,  &c.,  is  treated  with  half  its  weight 
of  phosphorus  trichloride  or  oxychloride,  a 
solution  of  the  chlorinated  compound  is  obtained 
(B.  A.  S.  P.,  Germ.  Pat.  27,78'J,  Dec.  18,  1883), 
which  on  treatment  in  the  cold  with  a  consider- 
able excess  of  concentrated  ammonia  at  once 
becomes  yellow,  and  after  some  time  deposits 
auramine  in  a  crystalline  form.  After  filtration 
the  auramine  is  freed  from  unattacked  ketone 
by  solution  in  dilute  acetic  acid,  and  then  pre- 
cipitated by  the  addition  of  soda  or  common 
salt  and  zinc  chloride. 

(2)  Auramine  can  be  prepared  more  econo- 
mically by  heating  tetramethyldiamidobenzo- 
phenone  with  suitable  ammonium  salts,  such 
as  the  chloride,  acetate,  tartrate,  thiocyauate, 
A'C,  in  the  presence  of  zinc  chloride.  For 
this  jiurpose  au  intimate  mixture  of  equal 
weights  of  tetramethyldiamidobenzophenone, 
ammonium  chloride  and  zinc  chloride  is  intro- 
duced into  an  enamelled  pot  heated  at  200"  in 
cither  an  air  or  an  oil  bath,  and  vigorously 
stirred  from  time  to  time.  The  mass  gradually 
melts,  becoming  deep  yellow  in  colour,  and  the 
reaction,  which  requires  4  to  5  hours  for  its 
completion  at  a  temperature  of  150-160°,  is 
ended  when  a  test  specimen  of  the  melt  dissolves 
almost  completely  in  water.  The  melt  is  allowed 
to  cool,  and,  after  powdering,  is  treated  with 
slightly  acidified  cold  water,  to  remove  as  much 
as  possible  of  the  excess  of  ammonium  and  zinc 
chlorides,  and  then  exhausted  with  water  at  60- 
70°  to  extract  the  auramine  from  any  unattacked 
ketone.  Auramine  is  finally  preciijitated  from 
this  solution  by  addition  of  common  salt,  and 
further  purified  by  recrystallisation  from  warm 
water  (B.  A.  S.  F.,  Germ.  Pat.  20,060,  March 
11,  1884).  Acetamide  may  be  emj)loyed  instead 
of  ammonium  salts  (B.  A.  S.  F.,  Germ.  Pat. 
38,433,  Jmie  3,  1886),  or  the  dye  may  be  ob- 
tained by  heating  aniline  hydrochloride  with 
zinc  chloride  and  carbamide,  phenylcarbamide, 
diphenylcarbamide  or  carbanil  (Ewer  and  Pick, 
Germ.  Pat.  31,936,  May  9,  1884),  but  these 
alternative  methods  have  no  practical  import- 
ance. 

Properties. — Auramine  crystallises  from  water 
m  yellow  scales,  which  seem  to  consist  of  six- 
sided  tables,  and  from  alcohol  in  golden-yellow 
scales,  melts  at  267°  (Graebe),  carbonises  at 
26.5-280°  without  previous  fusion  (Fehrmann), 
and  is  sparingly  soluble  in  cold,  but  readily 
soluble  in  hot  water  ;  the  temperature  of  the 
aqueous  solution,  however,  must  not  exceed  60- 
70°,  otherwise  decomposition  ensues  with  the 
formation  of  ammonia  and  tetramethyldiamido- 
benzophenone. On  treatment  with  mineral  acids 
the  aqueous  solution  undergoes  a  similar  decom- 
position either  slowly  in  the  cold  or  very  rapidly 
on  heating.  Spectroscopically,  auramine  be- 
haves like  most  yellow  dyes  ;  a  hot  concentrated 
aqueous  solution,  however,  shows  two  bands, 
one  in  the  red  and  one  in  the  green,  which 
become  broader  on  dilution  and  finally  coalesce, 
forming  a  bright  broad  baud  extending  from  the 


middle  of  the  red  to  the  commencement  of  the 
green  (Graebe).  On  treatment  in  the  cold  with 
ammonia,  auramine  (crystallised  from  alcohol) 
is  converted  into  the  colourless  base  C|,H.,,N3, 
which  melts  at  136°  and  is  characterised  by 
yielding  with  acids  intensely  yellow,  and  for  the 
most  part  crystalline  salts,  which  dissolve  in 
water  and  alcohol  without  fluorescence.  Alka- 
line reducing  agents,  such  as  sodium  amalgam, 
slowly  decolourise  the  alcoholic  solution  of 
auramine  forming  leukanramine  CijH^jNj,  a 
colourless  crystalline  reduction  comjjound  melt- 
ing at  135°,  which  dissolves  in  acetic  acid  with 
an  intense  blue  colour  owing  to  its  decompo- 
sition into  ammonia  and  tetramethyldiamido- 
benzhydrol. 

Auramine  dyes  wool  and  silk  direct,  pro- 
ducing colours  which  are  pure  yellow  and  fairly 
fast  to  light  and  soap.  Cotton,  for  which  the 
dye  is  chiefly  used,  requires  to  be  first  mordanted 
with  tannin  and  tartar  emetic,  and  on  this 
account  auramine  is  useful  for  producing  com- 
pound shades  with  other  basic  colouring  matters, 
such  as  saffranine,  bcnzaldehyde-green,  <l'c., 
which  are  fixed  by  the  same  mordant.  For 
further  information  v.  Kochlin,  W.  J.  1884, 
1139. 

Aura7nines.  In  addition  to  auramine,  sub- 
stituted auramines  have  also  been  prepared. 
Mctaonjlylaur amine,  for  example,  can  be  obtained 
by  heating  an  intimate  mixture  of  10  kilos,  of 
tetramethyldiamidobenzoi^henone  and  23  kilos, 
of  metaxylidine  hydrochloride  for  about  4  hours 
at  200°  in  an  enamelled  vessel  provided  with 
a  mechanical  stirrer.  Fusion  takes  place  slowly 
and  the  mass  becomes  reddish  yellow  in  colour, 
assuming  finally  a  greenish  metallic  lustre 
towards  the  close  of  the  reaction,  which  is  com- 
plete when  a  test  specimen  of  the  melt  is  almost 
entirely  soluble  in  water.  The  cooled  mass  is 
extracted  with  hot  water  and  the  dye  precipi- 
tated in  the  form  of  orange  yellow  flocks  by 
addition  of  sodium  nitrate  to  the  filtered  solu- 
tion. 

The  hydrochlorides  of  other  bases  can  be 
employed  instead  of  metaxylidine  hydrochloride, 
and  dyes  are  obtained  which  are  readily  fixed  by 
silk  and  wool,  and  also  by  cotton  after  mor- 
danting with  tannin.  The  shades  produced 
on  cotton  are,  however,  distinctly  reddish  or 
brownish-yellow  compared  with  the  pure  yellow 
produced  by  auramine  itself ;  for  example,  the 
auramines  from  orthotoluidine,  metaxylidine 
and  cumidine  hydrochlorides  dye  cotton  golden- 
yellow  ;  those  from  aniline  and  paratoluidine 
dye  orange-red,  that  from  metaphenylenedi- 
amine  dyes  orange-brown,  and  those  from  a-  and 
/8-naphthylamine  dye  brownish-yellow  shades 
(B.  A.  S.'F.,  Germ.  Pat.  29,060;  Fehrmann,  B. 
20,  2852). 

AURANTIA  (Kaisergelb)  is  the  name  given 
commercially  to  the  ammonium  salt  of  hexa- 
nitrodiphenylamine. 

Hexanitrodiphenylamina  NH[CsH^(N02)J^  is 
obtained  by  treating  diphenylamine  or  me- 
thyldiphenylamine  with  nitric  acid,  and  after 
the  first  vigorous  action  has  subsided,  heating 
to  complete  the  reaction.  The  product  is  then 
extracted  with  water  to  remove  any  resin  or 
picric  acid  associated  with  it,  and  finally  crys- 
I  tallised  from  acetic  acid.. 
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AURANTIA. 


It  crystallises  in  bright  yellow  prisms,  melts  1 
at  238°  with  decomposition  but  can  be  sub- 
limed in  yellow  needles  by  careful  heating,  and 
is  almost  insoluble  in  water,  more  soluble  in 
alcohol,  and  easily  soluble  in  ether.  It  readily 
yields  salts,  and  the  ammonium  salt  (aurantia) 
crystallises  in  lustrous  brown-red  needles,  al- 
though commercially  it  is  obtained  as  a  brick- 
red  powder  which  dissolves  in  water  and  dyes 
silk  and  wool  a  beautiful  orange  colour  (Gnehm, 
B.  7,  1399  ;  9,  1'245  ;  cf.  Townsend,  B.  7,  1249  ; 
Mertens,  B.  11,  845).  Aurantia  is  now  used 
chiefly  as  a  dye  for  leather  (W.  J.  1877,  1002). 
Like  hexanitrodiphenylamine  it  is  very  ex- 
plosive, but  any  danger  may  be  avoided  by 
moistening  it  with  glycerine  (W.  J.  1876,  996). 
According  to  Gnehm  (B.  9,  1246,  1557)  and 
Bayer  &  Co.  (W.  J.  1877,  879),  aurantia  pro- 
duces skin  erui3tions  ;  Martins,  however,  con- 
tends that  this  effect  is  due  to  idiosyncrasy  and 
quotes  the  opinions  of  Salkowski  and  Ziureck  in 
support  of  his  statement  (B.  9,  1247),  and  the 
question  appears  to  have  received  a  solution  in 
this  sense  in  Germany,  since  the  ministerial 
order  of  November  8,  1877,  prohibiting  its 
manufacture,  was  cancelled  in  June  1880  (W.  J. 
1880,  785). 

AURANTINE  v.  Abietenb. 

AUREOSIN.  An  orange  colouring  matter  of 
unknown  constitution  obtained  by  the  action  of 
liypoohlorous  acid  on  fluorescein.  Discovered 
by  Willm,  Bouchardat  and  Girard,  in  1876.  By 
the  action  of  nitric  acid  yields  Bubeosin,  a 
yellowish-brown  powder  soluble  in  alcohol  and 
in  caustic  soda  with  a  green  fluorescence.  Both 
dyes  are  no  longer  made. 

AURINE  and  EOSOLIC  ACIB. 

History. — Eosolio  acid  was  first  discovered 
and  its  tinctorial  properties  described  by  Eunge 
(P.  31,  65),  who  obtained  it  from  coal-tar  oil  by 
dissolving  the  residue  from  the  distillation  of 
phenol  in  alcohol,  adding  milk  of  lime,  filtering 
off  the  brown  precipitate  of  calcium  brunolate 
and  precipitating  the  red  solution  of  calcium 
rosolats  with  acetic  acid.  Later,  Tschelnitz 
(.L  pr.  71,  416)  and  Miiller  (C.  S.  Q.  J.  11,  1) 
found  that  the  yield  was  greater  if  the  product 
after  addition  of  the  lime  was  heated  in  the  air 
for  some  time,  whilst  Smith  (J.  1857,  448) 
and  Jourdin  (J.  1861,  943)  showed  that  crude 
phenol  was  converted  into  rosolic  acid  by  heat- 
ing with  soda  and  manganese  dioxide  or  mercuric 
oxide.  Kolbe  and  Schmitt  (A.  119,  169)  and, 
simultaneously,  Persoz  (Fr.  Pat.  64,910,  July 
21,  1861)  obtained  it  by  heating  phenol  and 
oxalic  acid  with  sulijhuric  acid,  and  this  method 
was  adopted  for  preparing  the  acid  on  the  large 
scale  by  Wurtz  (Schmidt,  D.  P.  J.,  166,  318)  who 
termed  it  (yellow)  coralline  (known  commercially 
as  anrine  in  England),  and  by  Guinon,  Mamas 
and  Bonnet  (D.  P.  J.  167,  390),  who  converted 
it  into  pa3onine  or  red  coralline  by  digestion 
with  aqueous  ammonia  at  150°.  The  reaction 
was  further  investigated  by  Fresenius  (J.  pr. 
[2]  5,  184),  by  Prud'homme  (Bl.  [2]  19,  359), 
and  by  Comaille  (C.  E.  77,  678),  the  last  of 
whom  found  that  the  proportion  of  oxalic  acid 
used  was  too  large.  By  diazotising  rosaniline 
Caro  and  Wanklyn  (0.  N.  14,  37;  Pr.  15,  210) 
obtained  rosolic  acid  C„„H|^0;j  which,  however, 
was  not  identical  with  the  product  from  phenol. 


1  Caro  (P.  M.  [4]  32,  126),  moreover,  showed  that 
the  formation  of  rosolic  acid  from  phenol  is 
dependent  on  the  presence  of  cresol  or  of  some 
simple  (methane)  derivative  of  the  fatty  series 
of  organic  compounds  (compare  Guareschi,  B. 
5,  1055  ;  Zulkowsky,  A.  194,  122).  The  nature 
and  composition  of  the  products  obtained  in 
Kolbe  and  Schmitt's  reaction  were  not,  however, 
accurately  known  until  1878,  when  the  re- 
searches of  Dale  and  Schorlemmer  (A.  166, 
279  ;  196,  75),  Caro  and  Graebe  (A.  179,  184  ; 
B.  11,  1116,  1348),  E.  and  O.  Fischer  (B.  11, 
473)  and  Zulkowsky  (A.  194,  122;  202,  179) 
conclusively  j)roved  that  the  action  of  oxidising 
agents  on  a  mixture  of  phenol  and  cresol,  or  of 
oxalic  acid  on  jjhenol  results  in  the  formation  of 
a  mixture  of  red  colouring  matters  (coralline) 
containing  two  well-characterised  substances 
termed  aurine  C,gHi,03  and  methylaurine 
CojHiijOj.  Aurine  is  the  lower  homologue  of 
Caro  and  Wanklyn's  rosolic  acid,  and  is  some- 
times known  as  pararosolic  acid  since  it  can  be 
obtained  by  diazotising  pararosaniline  (E.  and  0. 
Fischer,  A.  194,  268). 

Coralline.  This  name  is  applied  to  the  red 
colouring  matter  obtained  by  heating  phenol 
and  oxalic  acid  with  sulphuric  acid  (v.  Aurine) 
and,  according  to  Zulkowsky  (I.e.),  is  a  mix- 
ture of  pseudorosolic  acid  or  corallinephthalin 
(70  p.c),  to  which  it  owes  its  resinous  con- 
sistency, with  aurine  and  methylaurine.  Me- 
thods for  the  isolation  of  these  bodies  are  given 
under  aurine  (g.  v.) 

Properties. — It  is  a  brittle  resinous  sub- 
stance with  a  green  metallic  lustre,  and  yields  a 
red  powder.  It  is  employed  as  a  dye  for  silk 
and  wool,  and  is  also  used  for  printing  on  cotton, 
silk,  and  wool  (compare  W.  J.  1872,  707). 
For  dyeing  silk  or  wool,  Schroder  (D.  P.  J. 
204,  397)  dissolves  coralline  in  alcohol,  adds 
some  soda  ley,  pours  the  solution  into  much 
water  and  renders  it  feebly  acid  with  tartaric 
acid.  In  printing  with  coralline,  it  is  neces- 
sary to  adopt  means  to  neutralise  any  acids 
with  which  it  may  come  in  contact  during 
the  process,  otherwise  a  yellow  instead  of  a 
turkey-red  colour  is  the  result.  Kielmeyer  re- 
commends magnesia  for  this  purpose  in  wool 
and  cotton  printing,  and  gives  the  following  pro- 
portions : — 80  grams  of  coralline,  ^  litre  of 
glycerine,  \  litre  of  boiling  water,  and  140  grams 
of  magnesia  (made  into  a  milk  with  J  litre  of 
water)  are  mixed  with  |  litre  of  gum  water  (500 
grams  to  the  litre),  and  printed,  steamed,  and 
washed  in  the  usual  way  (W.  J.  1872,  709). 

The  following  substances  have  been  found 
to  constitute  coralline  : — 

(1)  Aurine   (pararosolic  acid)  C,gII,i03  or 

(OH.C,Hj)„.C<^q"^^^  (compare,  however,  Arm- 
strong, C.  S.  Proc,  No.  49,  p.  30).  Aurine  occurs 
in  coralline,  and  is  probably  formed  accord- 
ing to  the  equation 

3C,H,0  +  H,C,Oj  =  C„H,,03  +  HXC^  +  2H,0 
(D.  and  8.,  A.  196,  79;  compare,  however, 
Zulkowsky,  A.  202,  184  ;  E.  and  0.  Fischer,  B. 
11,  201  ;  Gukassianz,  B.  11,  1179  ;  Z.,  B.  11, 
1431 ;  Nencki  and  Schmid,  J.  pr.  [2]  25,  273) ; 
Z.,  M.  6,  108  ;  Staub  and  Smith,  B.  17,  1740). 

Prei;ara</07!.— Zulkowsky  (A.  194,  123;  202, 
185)  gives  the  following  method  for  the  pre- 
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paration  of  coralline  and  the  isolation  of  its 
constituents.  A  mixture  of  phenol  (10  parts) 
and  sulphuric  acid  of  66°B.  (5  parts)  is  heated 
■with  anhydrous  oxalic  acid  (6-7  parts)  atl20-l.'!0'^ 
until  the  mass  becomes  viscid  and  the  evolution 
of  gas  small.  About  24  hours  is  usually  re- 
quired for  this  stage  of  the  process,  and  the 
yield  of  coralline  varies  between  (30  and  70  p.c. 
The  product  whilst  still  hot  is  poured  into  so 
much  water  that  further  addition  of  water  does 
not  produce  a  precipitate.  In  this  way  the 
greater  jjart  of  the  coralline  is  separated  from 
tlio  unattacked  phenol  and  phenolsulphonic  acid 
which,  together  with  sulphuric  acid  and  a  small 
quantity  of  coralline,  remain  in  solution  and  can 
be  made  to  yield  a  further  quantity  of  the 
colouring  matter  by  removing  the  sulphuric  acid 
with  lime,  evaporating  the  filtrate  and  again 
heating  with  oxalic  acid.  To  free  it  from  ad- 
hering phenol,  the  precipitated  coralline  is  re- 
peatedly boiled  with  water  (heated  by  means  of 
steam).  It  is  then  powdered,  dissolved  in  warm 
dilute  soda  ley,  and  the  solution,  when  cold, 
saturated  with  sulphur  dioxide,  which  de- 
colourises it  and  produces  a  white,  flocculent 
precipitate ;  water  is  then  added  so  long  as  a 
white  precipitate  forms,  and  after  standing  for 
five  to  six  days  to  complete  the  separation,  the 
whole  is  filtered  from  the  preciijitated  resinous 
corallinephthalin  (pseudorosolic  acid)  which 
forms  about  70  p.c.  of  coralline.  To  separate 
aurine  the  filtrate  is  heated  to  70-80°,  and  an 
excess  of  hydrochloric  acid  added,  which  preci- 
pitates the  crystallisable  rosolic  acids  in  the 
form  of  double  compounds  with  sulphurous 
acid  as  a  red  mass.  This  is  filtered  off,  washed, 
heated  at  100°  to  remove  all  sulphur  dioxide, 
dissolved  in  GO  p.c.  alcohol  in  the  proportion  of 
1  kilo,  of  the  product  to  6-.5  kilos,  of  alcohol,  and 
the  solution  allowed  to  crystallise  until  red 
streaks  appear  on  its  surface ;  the  crystalline 
separation,  consisting  chiefly  of  niethylaurine 
and  constituting  about  21-5  p.c.  of  the  portion 
soluble  in  alcohol,  is  then  filtered  oft"  through 
a  platinum  cone  without  the  use  of  filter-paper, 
and  washed  with  50  p.c.  alcohol.  On  saturating 
the  mother  liquor  with  sulphur  dioxide  and 
allowing  it  to  stand  until  red  streaks  appear  on 
the  surface,  a  second  fraction  is  obtained  amount- 
ing to  22-5  p.c,  which  consists  of  aurine  in  the 
form  of  a  double  compound  with  sulphurous  acid, 
and  loses  all  sulphur  dioxide  on  heating.  The 
mother  liquor  is  then  freed  from  alcohol  by 
evaporation  on  a  water-bath,  the  residue  dissolved 
in  soda  ley,  and  the  solution  saturated  with  sul- 
phur dioxide  in  order  to  separate  theleukorosolic 
acid  (12-5  p.c),  which,  mixed  with  some  resin, 
forms  a  bright-red  crystalline  powder.  Hydro- 
chloric acid  is  then  added  to  the  filtrate,  whereby 
a  further  quantity  of  niethylaurine  (3--1  p.c.) 
separates  accompanied  with  much  resin  which 
is  removed  by  dissolving  the  precipitate,  after  it 
has  been  heated  to  remove  sulphur  dioxide,  in 
absolute  alcohol  and  saturating  the  solution  with 
gaseous  ammonia ;  after  some  days  steel  blue 
needles  of  methylaurine-ammonia  crystallise  out. 
The  various  crystalline  precipitates  are  then 
purified  by  repeated  crystallisation  from  60  p.c. 
alcohol,  it  should  be  noted  that  in  these  papers 
reference  is  made  to  a  fourth  compound,  '  oxi- 
dised aurine  '  as  a  constituent  of  coralline ;  later 


investigation  has,  however,  shown  that  the  so- 
called  oxidised  aurine  is  nothing  more  than 
impure  aurine  sulphate  (Zulkowsky,  M.  3,  46,5). 

To  obtain  aurine  from  the  commercial  pro- 
duct, Dale  and  Schorlemmer  (A.  166,  280)  treat 
a  concentrated  alcoholic  solution  of  coralline 
with  gaseous  ammonia  until  crystals  of  the 
comjiound  of  aurine  with  ammonia  cease  to 
form  ;  the  precipitate  is  then  heated  with  hydro- 
chloric acid  or  acetic  acid  to  remove  annnonia 
and  the  jn'oduct  repeatedly  crystallised  from 
alcohol.  A  second  method,  in  which  the  com- 
mercial product  is  washed  with  cold  alcohol 
and  the  residue  repeatedly  crystallised  from 
alcohol,  has  also  been  described  (D.  and  S.,  A. 
196,  77). 

ProiKvUcs.  —  Amine  crystallises  in  garnet  red 
rhombic  forms,  which  appear  rose-red  by  trans- 
mitted, and  show  a  sky-blue  lustre  by  reflected 
light.    It  does  not  melt  at  220°,  and  is  insoluble 
in  water,  but  soluble  in  alcohol  and  acetic  acid 
I  to  yellow-red,  and  in  alkalis  and  ammonia  to 
'  carmine  solutions.    Aurine  combines  with  sul- 
phur dioxide,  forming  the  compound 
H,SO,  +  (C,„H,A)2  +  4H,0, 

which  crystallises  in  red  cubes  and  cubic  octa- 
hedra,  showing  a  green  metallic  lustre  (D.  and 
S.,  A.  166,  184 ;  Z.,  A.  202,  200)  ;  it  also 
combines  with  alkaline  bisulphites  (D.  and  S.). 
Acetic  anhydride  converts  it  into  the  acetyl- 
derivative,  C,,,HnO;j,CjH,,0:„  and  bromine  reacts 
with  it  in  acetic  acid  solution  to  form  tctra- 
hromaurinc,  C|,,H,|,Brj03,  which  yields  violet  so- 
lutions with  alkalis,  and  in  acid  solution  is  a 
dark-violet  dye  for  silk  and  wool  (D.  and  S.,  A. 
196,  81  ;  compare  Z.,  M.  3,  46.5  ;  Ackermann,  B. 
17, 1624).  When  an  alcoholic  solution  of  aurine 
is  saturated  with  ammonia,  aurine-mnmonia 
C,,,H|j03,(NH.|).|  is  obtained  ;  this  crystallises  in 
dark-red  needles,  and  rapidly  loses  ammonia  on 
exposure  to  air.  If,  however,  aurine  is  heated 
with  aqueous  or  alcoholic  ammonia  at  180-200° 
for  20  hours  it  yields  paraleukaniline  (D.  and 
S.,  A.  196,  75)  ;  and  similar  treatment  with 
methylamine  and  aniline  results  in  the  forma- 
tion of  trimethyl-  and  triphenyl-rosaniline  re- 
spectively. Eeducing  agents,  and  zinc-dust  with 
acetic  acid  in  particular,  convert  it  intop«rrt- 
leuhaurine  CH(C,;H|.OH).„  which  crystallises 
from  alcohol  in  colourless  lustrous  needles,  does 
not  melt  at  130°,  yields  a  irirtccfi/Z-derivative 
melting  at  138-139°,  and  on  oxidation  with 
Ijermanganate  or  ferricyanide  of  potassium  does 
not  yield  aurine,  but  an  undetermined  red  pro- 
duct (D.  and  S.,  Z. ;  G.  and  C). 

The  following  homologues  of  aurine  have 
been  prepared  by  Nencki  (.1.  pr.  [2]  25,  275)  : 
c  r  e  s  o  1  a u  r  i  n  c,  C.^.H^^O., ;  r  c  s  a u  r  i  n  e,  C,,,H|  ,0,, ; 
and  orcinolaurine,  C_..H|^(),. 

(2)  Methylaurine  C^.,|H||,(»|  (for  isolation  r. 
Aiiriiic)  crystallises  in  small  brick-red  crystals 
with  a  green  metallic  lustre,  and  does  not  melt 
at  200°.  Bromine  in  acetic  acid  converts  it 
into  brassy  crystals  of  the  composition 

C,,H,.,Br,0,3,HBr  +  2H,0, 
which  on  boiling  with  water  yield  tctrahromo- 
nicihylaurinc;  this  dissolves  in  alcohol  with  a 
violet-red,  and  in  alkalis  with  a  magenta  colour. 
On  reduction  with  zinc-dust  and  acetic  acid, 
methylaurine  yields  the  leuko-  base  C^jHgiOj, 
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crystallising  in  colourless  rhombic  needles  (Z., 
I.e.;  M.  3,471). 

(3)  Pseudorosolic  acid  {corallincphtlialin  or 
phcnolcoralline)  CjuHjgO,  is,  together  with  other 
amorphous  substances,  the  chief  constituent 
of  coralline.  In  colour  it  is  red,  with  a  green 
metallic  lustre,  and  on  oxidation  with  potassium 
permanganate  yields  corallineijhthalein  (Z.). 

(4)  In  addition  to  the  foregoing,  phenyl 
ortho-oxalate  C|  |H|,0|;  sublimes  during  the  pre- 
paration of  aurine,  and  is  found  on  the  lids  of 
the  aurine  pots  in  the  form  of  colourless  needles, 
melting  at  128°.  It  plays  no  part,  however,  in 
the  formation  of  aurine,  but  is  produced  by  the 
action  of  lAenol  vapour  on  anhydrous  oxalic 
acid  (Clapar^tde  and  Smith,  C.S.  1883,  358; 
Staub  and  Smith,  B.  17,  1740). 

Paeonine  [red  coralline  or  aurine  B.)  is  pre- 
pared by  heating  2  parts  of  (yellow)  coralline 
and  1  part  of  aqueous  ammonia  (sp.gr.  =  0-91) 
in  an  autoclave  at  125-140°,  until  a  test  shows 
the  desired  shade  ;  the  product  is  then  poured 
into  water  acidified  with  sulphuric  acid. 

PiEonine  is  a  dark-red  amorphous  mass, 
with  a  green  metallic  lustre,  and  is  a  mixed  pro- 
duct containing  among  other  bodies  some  pava- 
rosaniline.  It  is  insoluble  in  water,  but  soluble 
in  alcohol  and  alkalis  yielding  purple-red  solu- 
tions ;  acids  do  not  affect  the  colour  of  its  solu- 
tions. With  wool  and  silk  it  gives  shades 
intermediate  between  those  of  magenta  and 
cochineal,  and  in  dyeing  a  bath  prepared  accord- 
ing to  Schroder's  directions  for  coralline  is  em- 
ployed. For  printing,  10  jparts  of  pseonine  are 
dissolved  in  40  jsarts  of  alcohol,  and  the  solution 
thickened  with  225  parts  of  casein  solution 
(100  grams  casein,  300  grams  water,  and  20 
grams  ammonium  chloride). 

Azuline  or  Azurine.  A  blue  colouring  matter 
obtained  by  heating  yellow  coralline  with  aniline 
(D.  and  S.,  A.  166,  294;  Guinon,  Marnas  and 
Bonnet,  I.e.). 

IlosoLio    ACID     (rosaurine)    C„„H,g03  or 

oH:c,HiicH^)>^<o:^5!> 

tising  rosauiline  (Caro  and  Wanklyn,  C.  N. 
14,  37). 

Preparation. — 500  grams  of  rosaniline,  or  the 
corresponding  quantity  of  a  rosaniline  salt,  are 
dissolved  in  1!  litre  of  concentrated  hydrochloric 
acid  diluted  with  1^  litre  of  water,  and  tlie 
filtered  brownish-yellow  solution  diluted  with  150 
litres  of  water  and  treated  with  a  dilute  solution 
of  sodium  nitrite  until  the  rosaniline  has  almost 
but  not  quite  disappeared.  The  whole  is  then 
heated  gradually  to  boiling,  and  filtered  after 
the  evolution  of  nitrogen  has  ceased.  On  cool- 
ing, rosolic  acid  separates  in  lustrous  brownish- 
green  crystals,  and  is  jjurified  by  dissolving  in 
soda  ley,  saturating  the  solution  with  sulphur 
dioxide,  filtering  and  precipitating  the  com- 
pound by  addition  of  a  mineral  acid  to  the 
nearly  colourless  filtrate.  Purification  from  in- 
organic salts  is  best  effected  by  solution  in  alco- 
hol and  precipitation  with  water  (Graebe  and 
Caro,  A.  179,  192). 

Properties. — Kosolic  acid  crystallises  from 
dilute  alcohol  in  ruby-red  crystals,  or  in  greenish 
scales  with  a  metallic  lustre,  does  not  melt  at 
270°,  and  is  insoluble  in  benzene  and  carbon 
bisulphide,  very  sparingly  soluble  in  water, 


soluble  in  ether  and  acetic  acid,  atid  readily 
soluble  in  alcohol.  In  alkalis  it  dissolves  with  a 
red  colour,  which  in  very  thin  layers  is  bluish- 
red,  and  in  thick  layers  is  yeUowish-red.  It  is  a 
feeble  acid,  and  yields  an  unstable  ammonium 
salt,  crystallising  in  steel-blue  needles.  Bromine 
in  acetic  acid  solution  con  verts  it  into /e<?'a6;o))io- 
rosolic  acid  C^„H|2Br^03,  which  crystallises  in 
lustrous  green  scales,  dissolves  in  alkalis  with  a 
violet  colour,  and  with  reducing  agents  yields 
the  leuko-  compound.  When  heated  with 
acetic  anhydride  at  150-200°  it  forms,  among 
other  compounds,  triacetylleukorosolic  acid  (m.p. 
=  148-149);  Icukorosolic  acid  C._,„H,803  itself 
being  obtained  by  reducing  rosolic  acid  either 
with  sodium  amalgam  or  with  zinc-dust  and 
soda  ley  (G.  and  C). 

Closelj'  related  to  aurine  is  bema^irinc  or 

phenolbenzein  C,gHn0o0r  qh'c^  H  ^^'xo'*^^-^ 
obtained  by-  gently  heating  1  mol.  of  benzotri- 
chloride  with  2  mols.  of  anhydrous  phenol,  re- 
moving excess  of  phenol  by  steam  distillation, 
extracting  the  residue  with  sodium  bisulphite, 
and  precipitating  the  filtrate  with  hydro- 
chloric acid  (Doebner,  B.  12,  1462  ;  compare 
Homolka,  B.  18, 988).  It  crystallises  in  brick-red 
crystals,  melts  at  about  100°,  is  insoluble  in  water, 
but  soluble  in  alcohol,  ether,  and  acetic  acid." 
Alkalis  dissolve  it,  yielding  violet  solutions. 
The  ace^i/Z- derivative  melts  at  119°.  On  reduc- 
tion with  zinc  and  hydrochloric  acid,  benzauriu 
is  converted  into  dihydroxytriphenylmethane 
CisHjgO.^. 

Resorcinolhoizcin  C^^^fi^  (Doebner,  B.  13, 
610  ;  A.  217,  234 ;  Actiengeselischaft  fiir  Anilin- 
fabrikation  in  Berlin,  Germ.  pat.  4322,  Peb.  26, 
1878)  is  obtained  by  heating  1  mol.  of  benzotri- 
chloride  and  2  mol.  of  resorcinol  at  180-190°. 
It  crystallises  in  large  violet-red  prisms,  ap- 
jpearing  yellow  by  transmitted  light,  is  insoluble 
in  water,  ether,  and  benzene,  has  a  yellowish- 
green  fluorescence  in  dilute  alcoholic  solution, 
and  yields  a  hrouio-  derivative  which  is  sparingly 
soluble  in  all  ordinary  solvents,  and  dyes  wool 
and  silk  in  shades  similar  to  those  produced  by 
eosin.  W.  P.  W. 

AUEUM  MUSIVTIM  or  MOSAICUM.  Mosaic 
gold.  Made  by  triturating  an  amalgam  of  2 
parts  tin  and  1  of  mercury  with  1  part  sal 
ammoniac  and  1  of  sulphur,  and  subsequently 
subliming.  It  is  used  as  a  bronzing  powder  for 
plaster  figures. 

AUSTRALENE  v.  Turpentine. 

AUSTRIAN  CINNABAR.  Basic  lead  chro- 
mate  (v.  Chkomium). 

AUTOCLAVE.  An  apparatus  constructed  on 
the  principle  of  Papin's  digester,  for  heating 
liquids  at  temperatures  above  their  boiling 
points.  In  the  manufacture  of  coal-tar  colours 
large  autoclaves  of  copper,  or,  more  frequently, 
of  cast  or  wrought  iron,  occasionally  enamelled 
within,  and  capable  of  withstanding  very  high 
pressure,  are  employed.  They  are  fitted  with  a 
pressure-gauge  and  safety  valve,  and  tubes  for 
the  insertion  of  thermometers,  and  are  usually 
closed  by  a  screw  or  flanged  cover,  working 
against  a  leaden  washer,  and  are  heated  either 
in  oil  or  in  a  bath  of  molten  lead.  As  they 
have  frequently  to  sustain  pressures  of  from  20 
to  30  aimos.,  they  are  tested  before  use  by 
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hydraulic  pressure.  Occasionally  they  are  pro- 
vided with  agitators  working  through  stuffing 
boxes,  in  order  to  ensure  thorough  mixing  of 
the  contents  when  heated. 


I'l.i.  1. 


Fig.  4  shows  a  method  of  withdrawing  portions 
of  the  contents  of  an  autoclave,  or  adding  liquid 


without  removing  the  cover,  when  the  apparatus 
is  in  use.    The  three-way  valve  a  is  adjusted 


Fig.  L 


so  as  to  prevent  passage  through  the  pipe  c.  In 
order  to  withdraw  a  sample  the  three-way  cock 
B  is  made  to  communicate  with  b  and  d,  ami 


]  the  valve  A  turned  with  a  jerk  so  as  to  connect 
^  c  with  b ;  the  sample  is  then  withdrawn  at  d. 
To  completely  remove  the  charge  the  valve  a  is 
left  open  for  some  time.  In  working  without 
pressure  the  air-cook  c  is  opened,  and  com- 
munication established  between  b  and  c  and  «' 
and  b ;  b  and  c  are  then  filled  with  liquor  iden- 
tical in  constitution  with  that  contained  in  the 
apparatus  obtained  from  a  previous  operation. 
The  contents  of  the  vessel  are  then  removed  by 
restoring  the  communication  between  e  and  b 
and  b  and  d.  To  introduce  liquor  into  the  ap- 
paratus without  removing  the  cover,  the  air-cock 
c  is  opened,  and  the  funned  a'  made  to  com- 
municate with  the  pip)e  e  by  regulating  the 
valve  A. 

AUTUNITE  or  UEANITE.  A  mineral  found 
at  Autun,  containing  14-00  p.c.  P.,0,,  59-00 
M.,0,,  5-8  CaO,  21-2  OH.,  (Pisani,  C.  E.  52,  817). 

AVA  or  KAVA-KAVA.  The  root  of  Piper 
mctJnjsticuiii,  growing  in  the  islands  of  the 
Pacific.  It  is  taken  as  an  intoxicant  by  the 
natives,  and  is  used  as  a  drug  on  the  Continent. 
It  is  often  adulterated  with  matico  and  annatto 
(Ph.  [3],  7,  140). 

AVENTURINE.  A  variety  of  quartz  found 
at  Capa  de  Gata,  Spain,  spangled  through- 
out with  minute  yellow  scales  of  mica,  is  known 
as  aventurine  quartz.  An  aventurine  felspar 
I  or  sunstone  is  found  at  Tvedestrand,  Norway. 
1  It  is  used  for  ornaments. 

Artificial  aventurine,  or  glass,  or  gold  flux, 
was  manufactured  for  a  long  period  at  the  glass- 
works of  Murano,  near  Venice.  It  may  be  pic- 
pared  by  adding  to  100  parts  of  a  not  too  re- 
fractory glass,  8  to  10  parts  of  a  mixture  of 
equal  parts  of  ferrous  and  cuprous  oxides,  and 
allowing  the  mixture  to  cool  very  slowly  so  as  to 
facilitate  the  formation  of  crystals. 

Aventurine  glaze  for  porcelain,  invented  by 
Wohler  (A.  70.  67),  is  j^repared  by  finely  grinding 
31  parts  Halle  kaolin,  43  quartz  sand,  14  gypisum, 
and  12  porcelain  fragments ;  making  the  whole 
into  a  paste  with  300  parts  water,  and  adding 
successively  19  parts  potassium  dicliromate,  47 
lead  acetate,  100  ferrous  sulphate,  and  suffi- 
cient ammonia  to  precipitate  the  whole  of  the 
iron.  After  the  soluble  potash  and  ammonium 
salts  have  been  washed  out  the  glazing  is  ready 
for  use. 

AVIGNON  GRAINS.  The  seeds  of  Rhamnus 
iiifecturiiis,  employed  in  dyeing  for  the  produc- 
tion of  yellow  colours  v.  Bhamnin,  art.  Xan- 

THORHAMNIN. 

AVOCADO-PEAR,  OIL  OF.  An  oil  obtained 
from  the  oleaginous  fruit  of  the  I'erseagratissima. 
Hofmann  stated  that  for  the  purposes  of  the 
soapmaker  this  oil  would  be  as  valuable  as 
palm  oil. 

AWAL  or  TURWAR.  An  Indian  drug,  the 
bark  of  Cassia  auriculata  (Dyniock,  Ph.  [3]  7, 
977). 

AWLA  V.  Amlaki. 

AZADIRACHTA,  MARGOSA,  or  NIM.  The 

bark  of  the  nim  tree  (Azadi)'achta  indica)  is 
commonly  used  in  India  as  a  tonic  and  febrifuge. 
It  contains  a  bitter  resin.  An  oil,  used  in  medi- 
cine and  for  burning,  is  expressed  from  the  seeds, 
which  on  saponification  yielded  35  p.c.  of  fatty 
acid  melting  at  30°,  and  65  p.c.  melting  at  44°C. 
AZARINK  V.  Azo-  colouring  matters. 
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AZINES  AND  COLOURING  MATTERS  DE- 
EIVED  FEOM  THEM.  The  name  azines  has 
beea  given  to  substances  built  up  on  the  tyxoe 

E' 


K"  being  a  bivalent  radicle  belonging  to  either 
the  fatty  or  aromatic  series,  and  containing  two 
free  valencies  on  two  connected  carbon  atoms. 
Consequently  every  azine  contains  the  group 


c= 


and  it  is  from  this,  group  that  the  large  number 
of  azines  derive  their  striking  and  characteristic 
properties. 

Several  azines  have  been  known  for  many 
years,  without,  however,  their  constitution  being 
understood.  Hinsberg  (B.  18,  319),  who  dis- 
covered a  general  method  for  preparing  such 
compounds,  called  them  quinoxalines,  and  be- 
lieved their  constitution  to  contain  the  molecular 
group 

I  I 

•which  was  shown  by  Witt  to  be  highly  impro- 
bable (B.  19,  915;  C.  J.  188G,  913).  The  term 
azine  was  first  used  by  Merz  (B.  19,  725),  who 
also  first  used  the  formula  containing  connected 
nitrogen  atoms.  Several  new  and  general  methods 
for  the  production  of  compounds  of  this  class 
were  discovered  by  Merz  (I.e.)  and  by  Witt 
(B.  19,  917;  20,  571).  The  latter  also  proved 
(B.  19,  447)  that  the  characteristic  azine  group 

/^\ 
E"<  I  >R" 

\n/ 

possesses  chromophoric  properties,  and  that  con- 
sequently every  azine  is  a  chromogene  whose 
amido-  and  oxy-  derivatives  are,  of  necessity, 
colouring  matters.  The  amido-  derivatives  of 
azines  were  first  prepared  by  Witt,  who  gave 
them  the  generic  name  of  eurhodines  (B.  19, 
441;  21,  2420),  whilst  the  name  of  eurhodols 
was  assigned  to  the  corresponding  hydroxy- 
derivatives.  Later  on  it  was  shown  by  Bernthsen 
(B.  19,  2690)  and  Nietzki  (B.  19,  3017)  that  the 
old  and  well-known  saffranine  group  of  colouring 
matters,  whose  similarity  to  the  eurhodines  had 
already  been  mentioned  by  Witt  (B.  19, 441),  was 
closely  allied  to  them  and  similarly  constituted. 
The  correct  constitutional  formula  of  pheno- 
saffranine  was  established  by  Witt  (B.  19,  2791). 
The  saffranines  stand  in  a  relation  to  the  eurho- 
dines similar  to  that  existing  between  amines 
and  ammonium  bases :  they  are  the  amido- 
derivatives  of  the  azonium  bases,  substances  of 
the  typical  constitution 

E"<  I  >R" 

\\t/ 

IV  s 

in  which  W  stands  for  any  monovalent  organic 


radicle  and  X  for  any  acid  group,  sucli  as,  for 
instance,  CI,  NO3,  etc.  These  azonium  bases, 
which  at  first  were  hypothetical,  have  since  been 
prepared  by  the  same  author  (Witt,  B.  20,  1183). 
Their  oxy-  derivatives  have  been  prepared  by 
Nieizki  and  Otto  (B.  21,  1736),  and  received  the 
name  of  saffranols. 

Of  all  these  substances  the  saifranines  are 
tho  most  important.  A  considerable  number  of 
til' m  are  prepared  on  a  large  scale  and  used  as 
dyes.  The  eurhodines  are  less  valuable,  although 
a  few  of  them  have  found  practical  application, 
whilst  the  saffraiiols,  eurhodols,  and  the  azines 
and  azonium  bases  themselves  are  only  of  theo- 
retical interest. 

Azines.  These  bases  have  been  obtained  by 
the  following  methods : 

1.  By  heating  o-nitronaphthalin  with  pow- 
dered quicklime,  Laurent  (Gm.  7,  24)  obtained  a 
substance  which  he  called  naphthasc.  The  same 
compound  was  prepp.red  by  Doer  (B.  3,  291)  and 
by  Klobukowski  (B.  10,  573)  who  employed  zinc- 
dust  instead  of  quicklime.  This  compound  was 
proved  to  be  dinaphthazine  by  Witt  (B.  19,  2791). 

2.  The  same  substance  was  prepared  by 
Schichuzky  (J.  R.  6,  2464)  by  distilling  a-naph- 
thylamine  over  heated  lead  oxide. 

3.  Diphenazine  (azophenjdene)  was  first  ob- 
tained by  Glaus  (A.  168,  1)  by  the  dry  distilla- 
tion of  orthoazobenzoic  acid  in  the  shape  of  its 
calcium  or  potassium  salts. 

4.  A  general  method  for  the  production  of 
azines  was  indicated  by  Hinsberg  (B.  17,  319 ; 
18,  1228)  who  showed  that  whenever  orthodi- 

CO 

ketones  (compounds  containing  the  group  |   )  re- 

CO 

acted  on  orthodiamines,  two  molecules  of  water 
were  given  off  and  an  azine  (quinoxaline)  was 
the  result.  The  first  chemist  who  appUed  this 
reaction  was  Aguiar  (Trans.  Portiiguese  Acad. 
Sci.  2,  313;  B.  7,  312)  who,  however,  did  not 
recognise  its  mechanism.  This  reaction  may  be 
iuteri^reted  by  the  typical  formula 


R 


CO         C— NK, 

I      +  il 
CO  C^NH, 


R 


/^R 


-f-  2H  ,0. 


R 


R 


This  method  is  so  simple  and  works  in  most 
cases  so  well,  that  it  has  been  recommended  by 
Hinsberg  (A.  237,  343,  371)  as  an  easy  and,  in 
fact,  as  the  best  method  of  identifying  either  an 
orthodiamine  or  an  orthodiketone.  Very  small 
quantities  of  the  ingredients  are  as  a  rule  suffi- 
cient to  obtain  the  characteristic  azine,  which 
may  be  easily  identified  by  its  melting-point  and 
sulphuric  acid  reaction. 

5.  A  similar  method,  indicated  by  Merz  (C. 
19,  725),  is  of  less  general  application,  as  it  may 
only  be  applied  to  the  production  of  purely 
aromatic  azines.  It  consists  in  the  reaction  of 
orthodihydroxyl-  derivatives  of  aromatic  hydro- 
carbons upon  aromatic  orthodiamines.  In  this 
reaction  the  hydro-  derivatives  of  the  azines  are 
formed,  which,  however,  are  easily  transformed 
by  the  oxygen  of  the  air  into  the  azines  them- 
selves ; 


AZINES. 


225 


/\,0H 
JuH 


Nil. 


+  O 


ryrocatc'cliol 


Ortlin|ihoiij  Icne 
duiiiiiiie 


=    3H.0  +  i 


I      I         I  J 


Dipheiiazine. 

C).  Azines  may  also  be  prepared  by  heating 
a-diketones  with  aiiniionia  or  ammonium  acetate. 
This  method  lias  been  applied  to  the  production 
of  diphenanthrazine  from  phenanthraquinone  by 
Japp  a.  Wilson  (C.  J.  1880,  82(1)  and  of  dinaph- 
thazine  from  ;3-naphthaquinone  by  Japp  and 
Burton  (C.  J.  1887,  08). 

7.  Japp  and  Wilson  showed  (I.e.)  that  ben- 
zoin—an a-hydroxyketone  — when  heated  with 
ammonia  or  ammonium  acetate,  yielded  tetra- 
phenylazine  : 

C.,H,  C 


CO 


1/ 


+  2NH, 


C 


4  411,0 +  H, 


C  H,     C  H, 


CH(OH) 

I 

CH, 

BeiiZDin 

This  reaction  was  afterwards  extended  by  L. 
Wolff,  who  showed  (B.  21,  123)  that  compounds 
containing  the  group 

-  CO 

-  CHBr,(Cl),(OH) 

are  converted  by  ammonia  into  azines. 

8.  A  reaction  related  to  the  foregoing  is  that 
in  which  the  compounds  described  by  V.  Meyer 
as  '  ketines  '  or  '  aldines  '  (azines)  are  formed  by 
the  reduction  of  the  monoliydroximes  of  o  dicar- 
boxyl-compounds  in  alkaline  solution.  Thus 
benzil-monohydroxime,  when  dissolved  in  caustic 
soda  and  treated  with  sodium  amalgam,  gives 
tetraphenylazine  (tctra^phcnylaldinc  in  V.  Meyer's 
nomenclature) : 


C  H, 


CO 


Cli. 


c(N.on) 


C  H, 


+  3H,  = 


CH, 

r>v  I 

c/  \c 


C  c 

I  I 

CH,  C.H., 


-  CO 


4\ 

c  c 


CH.NII. 


-  C  I  C  - 

(Brann  and  V.  Meyer,  B.  21,  1947). 
Vol.  1.  r 


4H  O 


9.  Another  mode  of  formation  of  the  azines 
consists  in  the  joint  oxidation  of  certain  phenols 
with  aromatic  orthodiamines.  This  method  was 
applied  to  the  production  of  tolunaphthazin  by 
Witt  (B.  19,  917). 


.NH, 


^,011 


+  20. 


p-X.iphtlioI 


CH/  \/  \NH, 
Ortliotoluylenc  diamiue 

l~~\,CH, 


5H,0. 


Tuluiuiphthazine 

10.  A  very  peculiar  mode  of  formation  of 
these  substances  was  discovered  by  Witt  (B.  20, 
571),  who  showed  that  the  azo-  derivatives  of 
secondary  0-naplithylamines  are  decomposed  by 
being  heated  with  strong  acids  into  the  corre- 
sponding azine  and  amido-  compouud,  thus  : 


C„H, 

I 

N 

II 

N 

A/ 


C  Hj  + 
NH.^ 

Aniline 


-N 


Naphtlioplieuazine. 


(Braun  and  V.  INIeyer,  B.  21, 129()).  If,  however, 
the  reduction  of  such  a  monohydroxime  is  car- 
ried out  in  acid  solution,  the  hydrochloride  of  an 
unstable  base —  probably  an  a-amido-ketoiie  — is 
obtained,  which,  when  liberated  from  its  salts, 
readily  parts  with  hydrogen  (probably  by  oxida- 
tion) and  water,  yielding  an  azine  : 


2IL0  +  H, 


riieiivlaznplirny!- 
^-X;iplitli\  liiiDin 

11.  Finally  a  pyrogenic  formation  of  an  azine 
may  be  mentioned,  which  has  been  published  by 
Bernthsen  (B.  19,  32.50),  although  only  traces  of 
phenazine  were  found.  It  consists  in  distilling 
aniline  through  red-hot  tubes,  when,  according 
to  the  author  small  quantities  of  phenazine  may 
be  isolated  from  the  tar  which  is  the  chief  pro- 
duct of  the  reaction. 

All  azines  have  certain  peculiar  properties  in 
common.  As  a  rule  they  are  solid,  well-crystal- 
lised compounds  of  a  pale  yellow  or  orange 
colour,  possessing  a  high  melting-point  and  boil- 
ing at  very  high  temperatures  without  the 
slightest  decomposition.  They  sublime  at  tem- 
peratures below  their  boiling-point,  and  their 
j  vajxjur  condenses  into  voluminous  flakes  of  a 
crystalline  structure. 

All  the  azines  are  bases  which  form  salts 
with  mineral  but  not  with  organic  asids.  These 
salts,  which  are  generally  of  adeciJ  red  or  orange 
colour,  are  easily  decomposed  by  water,  the  free 
azine  being  liberated.  All  azines  dissolve,  with 
characteristic  intense  colourations,  in  concen- 
trated sulphuric  acid.  These  colourations  are 
no  doubt  due  to  the  formation  of  diacid  salts 
which  are  stable  only  in  the  presence  of  aa 
excess  of  concentrated  sulphuric  acid.  If,  there- 
fore, water  be  added  to  the  coloured  solution  of 
an  azine  in  sulphuric  acid,  an  instantaneous 
change  is  the  result :  the  yellow  or  orange 
mono-acid  salt  is  formed,  and  on  further  addition 
of  water  the  free  azine  itself  separates  in  flakes. 
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These  striking  colour  reactions  are  highly  cha- 
racteristic and,  therefore,  furnish  the  best  means 
of  identifying  the  azines. 

\  .  Notwithstanding  these  intense  colourations 
the  azines  are  not  colouring  matters,  they  only 
become  such  by  the  introduction  of  an  amido-  or 
a  hydroxy-  group  into  the  molecule.  The  azines 
are  chromogenes,  and  in  this  respect  strictly 
analogous  to  anthraquinone  and  acridine,  to 
which  they  bear  a  strong  resemblance  in  con- 
stitutiori : 


"0 

Antbraqiiiiioue 


Phenaziiie. 

The  following  is  an  enumeration  of  the  more 
important  aromatic  azines  from  which  well- 
known  colouring  matters  are  derived  : 


Diphenazine  C,.H^N^,  = 


(Glaus,  A.  168,  1  ;  Bernthsen,  B.  19,  325G ;  Eis, 
15.  19,  2200)  has  been  obtained  by  the  methods 
3,  5,  and  11.  It  forms  pale  yellow  needles,  of 
the  m.p.  170-171°,  soluble  in  alcohol  and  most 
other  solvents.  It  distils  without  decomposition. 
It  dissolves  in  strong  acids,  forming  unstable 
salts  of  a  red  colour. 
Toluphenazine 

,  ..^%/\ 

C,,H,„N.,  = 


CH, 


has  been  prepared  by  Merz  (B.  19,  725)  by  the 
action  of  pyrocatechol  on  orthotoluylenediamine. 
It  is  very  similar  to  diphenazine.    Its  m.p.  is 
117°,  its  b.p.  350°. 
Napbthophenazine 


has  been  prepared  by  Witt  (B.  20,  571).  The 
best  mode  of  obtaining  it  is  by  the  decomposi- 
tion, by  acid,  of  the  azo-  compounds  derived  from 
phenyl-/3-naphthylaniine,  but  it  has  also  been 
prepared  by  the  action  of  /3-naphthaquinone  on 
ortliopheuylenediamine  and  by  simultaneous 
oxidation  of  the  latter  and  j3-naphthol.  It  forms 
yellow  needles,  melting  at  142-5  ,  distilling  at  a 
high  temperature  without  decomposition,  and 


dissolving  in  sulpliuric  acid  with  a  reddish-brown 
colouration.  On  dilution,  two  sulphates  crystal- 
lise from  this  solution.  It  is  supposed  that  the 
formation  of  two  series  of  monacid  salts  of  this 
base  is  due  to  either  of  the  two  nitrogen  atoms 
becoming  penta\  alent  and  saturated  with  the 
acid. 

Tolunaphtliazines  C|;H,.^N.„  Three  substances 
of  this  formula  are  known,  the  isomerism  of 
which  has  been  discussed  by  Witt  (B.  20,  577). 
One  of  these,  meltJig  at  17;)-8  has  been  prepared 
by  the  simultaneous  oxidation  (B.  19,  917)  of 
orthotoluylenediamine  and  /3-naphthol.  Its  con- 
stitution is  expressed  by  the  formula 

/\cii, 


It  dissolves  in  sulphuric  acid  with  a  violet  colour- 
ation. The  other  is  formed  by  the  decomposi- 
tion by  acids  of  the  azo-  derivatives  of  para- 
tolyl-j3-naphthylamine  (B.  20,  577).  Its  consti- 
tution is  represented  by  the  formula 
CH, 


0 


Its  melting-point  is  1(59°,  its  sulphuric  acid 
reaction  similar  to  that  of  naphthaphenazine. 
The  third  tolunaphthazine,  discovered  by  Hins- 
berg  (A.  237,  343a,  371),  has  been  proved  to 
consist  of  a  molecular  combination  of  the  two 
preceding  ones;  its  melting-point  is  139^2'. 

Several  other  tolunaphtliazines  are  theoreti- 
cally possible.  They  have  not,  however,  hitherto 
been  prepared. 

Dinaphthazines  C  ,„H|.^N.„  Several  isomerides 
of  this  formula  are  possible,  only  one  of  which 
has  been  prepared  hitherto  by  various  methods 
already  mentioned.  This  substance,  which  was 
originally  discovered  by  Laurent  (Gm.  7,  24), 
and  described  under  the  name  of  naphthase,  has 
the  constitutional  formula 


It  forms  long  g"stcning  needles  of  pale  orange 
colour,  melting  at  275°,  and  dissolving  in  sul- 
phuric acid  with  an  intense  violet  colouration. 

Phenopheaanthrazine  CouH,.jN,^  (isomeric  with 
dinaplitliiizine).  Of  the  large  number  of  azines 
prepared  from  phenanthraquinone  and  aromatic 
orthodiamines,  only  this  and  the  two  following 
may  be  mentioned  as  typical.  It  may  be  obtained 
by  acting  on  orthophenylenediamine  with  either 
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phenanthrnquinone  in  an  acetic  aeiil  solution 
(Hinsberg,  A.  iilO)   or  with  pheuantlira- 

quinone  sodium  bisulphite  in  an  acjueous  solu- 
tion. It  crystallises  in  pale  yellow  needles, 
melting  at  217-\  and  dissolves  in  sulphuric  acid 
with  a  beautiful  red  colouration.  Its  constitu- 
tion is 


A  similar  substance  may  be  obtained  from  ortho- 
toluylencdiamine.    It  melts  at  '212-213^^. 

irhei.anthronaphtliaziiie  C^,H|  ,N_,  is  easily 
obtained  (Ijawson,  B.  l^t,  2120)  from  cn-tho- 
naphthyloneiliaminc  and  phenanthraquinone. 
It  gives  a  violet  colouration  witli  sulphuric  acid. 
Melting-point  27^i'^.  The  sulphonic  acid  deriva- 
tives of  this  substance,  C.,,H|  ,N,.SO.,H,  are  ob- 
tained (Witt,  B.  17i;»;  21,' scq.)  by 
acting  \Yith  an  aqueous  solution  of  phenanthra- 
quinone sodium  bisulphite  upon  the  solutions  of 
the  various  naphthyleiiediarnine  sulphonic  acids 
in  sodium  acetate  solution,  acidulated  with 
acetic  acid.  These  sochum  salts  are  soluble  in 
pure  water ;  small  quantities  of  alkaline  salts 
are  sufticient  to  precipitate  them  from  these 
solutions. 

Diphenyltoluazine  C,|H|,N.  may  be  men- 
tioned as  a  type  of  the  many  azines  obtained  by 
the  action  of  benzil  on  aromatic  amines.  It 
separates  out  (Hinsberg,  A.  2.^7,  i5J(l)  in  silvery 
leaflets  from  an  alcoholic  solution  of  benzil 
mixed  with  a  solution  of  orthotoluylenediamine. 
It  melts  at  111°,  and  dissolves  with  a  crimson 
shade  in  sulphuric  acid.  Its  constitution  is 
expressed  by  the  formula 

/\ 

N.      I  I 


CII 


The  corresponding  derivative  of  orthonaph- 
thylenediamine  has  been  prepared  by  Lawson 
(B.  18,  2  t2G). 

Chrysotoluazine  C,,.H,„N,  and  Chrysonaphth- 
azine  C,^H|^N.^  have  been  prepared  by  Liebcr- 
mann  and  Witt  (B.  20,  24 12)  from  cluysoquhione 
and  the  corresponding  ortliodiamines.  The  same 
authors  obtained  azine  derivatives  from  the 
quinone  of  picene. 

Toluindazine  C,  H|,N.„  the  azine  derivative 
of  isatine,has  been  prepared  by  Hinsberg  (A.  2:i7, 
314)  from  orthotoluylenediamine  and  isatine,  by 
melting  together  the  ingredients  and  crystallising 
the  product  obtained  from  a  mixture  of  alcohol 
and  acetic  acid.  It  forms  yellow  needles,  meet- 
ing at  200°,  and  dissolving  in  acids  with  a 
brownish-red  colouration.  Its  constitution  is 
expressed  by  the  formula 

H 


CII 


A  large  number  of  other  less  important  azines 
have  been  prepared  in  experiments  made  with  a 
view  to  showing  that  certain  compounds  obtained 
by  the  authors  were  either  orthodiketones  or 
ortliodiamines. 

Colouring  matters  derived  from  azinea  (eu- 
rhodines  and  euvhodols). 

It  has  already  been  said  that  by  the  introduc- 
tion of  an  auxochromic  group,  NI1_,  or  OIT,  into 
the  mo'ecule  of  an  azine,  the  latter  is  transfcrnied 
into  a  colouring  matter.  The  amido-  derivatives 
of  azines  containing  either  one  or  several  amido- 
groups  are  embraced  by  the  generic  name  of 
cuvh.odlncs,  whilst  the  name  of  curliodols  has 
been  given  to  the  phenolic  (OH)  derivatives  of 
the  azines.  The  following  is  an  enumeration  of 
the  various  methods  by  which  eurhodines  and 
eurhodols  have  been  obtained. 

A.  EUKIIODINES. 

1.  By  heating  together  any  orthamido-azo- 
compound  and  the  hyd.rochloride  of  certain 
aromatic  monamines,  such  as,  for  instance, 
a-naphthylamine  or  a-amidoiiuinoline,  preferably 
in  aphenol  solution,  monaniido-azines  (the  eurho- 
dines proper)  are  obtained.  It  was  by  this  pro- 
cess that  the  first  eurhoiline  was  discovered  by 
Witt  in  1883  (B.  18,  1119  ;  19,  441)  by  heating 
orthamidoazotoluene  with  naphtliylamine  hydro- 
chloride. In  this  reaction  an  orthodinmine  is 
formed  by  the  reduction  of  the  amido-azo-  com- 
pound, which  combines  with  the  a-naphthyl- 
amine, hydrogen  being  eliminated  and  absorbed 
by  the  amido-azo-  compound  still  present. 

C;H,„N,  4- C,„H,,N  =  GH-hC.-HjjNj. 

Urthntolnyicne-   a-Naplitliyl-  Typio.'u 
(Uamiiie  ;iniiiie  cuiiiodiiie 

2.  Another  method  of  much  greater  applica- 
bility consists  in  reacting  with  a-diketones  upon 
aromatic  triamines,  which  contain  two  amido- 
groups  in  the  ortho-  position.  Two  molecules  of 
water  are  eliminated  for  every  molecule  of 
eurhodine  formed.  Thus,  for  instance,  a  eurho- 
dine  was  obtained  from  triamidobenzene  and 
phenanthraquinone  (Witt,  B.  19,  445) : 

/\ 

NR., 


-I-  2110. 


3.  Another  method  of  considerable  appl'c.a- 
bility  consists  in  heating  together  nitrosainines 
(Witt,  B.  21,  719)  or  quinonedichlorimides 
(Niefzki  a.  Otto,  B.  21,  1598)  with  aromatic 
amines  in  which  the  paraposition  to  the  amido- 
group  is  occupied  by  some  radicle.  Thus,  for 
instance,  a  eurhodine  is  formed  by  heating  to- 
gether nitrosodimethylaniline  hydrochloride  and 
ytj-naphtliylamine,  in  an  acetic  acid  solution, 

g  2 
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HCl 
N(CHJ 


11. 


NO 

Nitrosorlimethylanilinc 
hydrochloj"ifle 

HCl 
(CH,),N^ 


^-NapUthj  lamine 


nci 

(CH,),N 

I 


+  311,0  •(- 


2  N/ 


NH, 

Di  methyl  paraphenyl- 
eiiO'Uaniiue  mono- 
Dimethylarairlonap  ithaplieu-  hydrochloride 
"azine  hydrochloride 

and  an  analogous,  though  somewhat  different 
reaction  takes  place  if  the  nitrosodiinethylaniline 
be  substituted  by  dichloroquinonimide. 

CI— N— 


H.N. 


+ 


Cl-N- 

Dichloroqninonimide 
H..N. 


+  2IIC1. 


Atnidonaphthaphoiaziiie 

4.  Eurhodines  proper  may  also  be  obtained 
by  the  reduction  (with  ammonium  sulphide)  of 
nitro-azines.  Thus,  for  instance,  nitropheno- 
phenanthrazine  may  be  reduced  into  the  eurho- 
dine  amidophenophenanthrazine  (Heim,  B.  21, 
230(i). 

5.  Diamidoazines  are  formed  by  the  spon- 
taneous decomposition  of  certain  indamines,  if 
their  solutions  be  boiled  for  a  certain  time. 
Thus  toluylene  blue,  the  indamine  produced  by 
the  action  of  nitrosodimethylaniline  hydro- 
chloride upon  metatoluylenediamihe,  is  decom- 
posed if  its  solution  be  boiled  for  some  time, 
dimethyldiamidotoluphenazine  (toluylene-red) 
being  the  principal  product  of  this  reaction 
(Witt,  B.  12,  931)  : 


I  CH, 

c,.H,  : 


I  (NH 
C^H,-^  NHj 
"  i  CH^ 
ToUiy'.eue-blue. 


C.H, 


CH,. 


KH 

C.H,{  NH, 

"Ich; 

Lcucotohiylene-bhie. 


N 


CH3 

To!uyleiie-red 
(dlnaetliy  Idiamido- 
to.uphcuazine). 


C.  Di-  and  polyamido-azines  may  also  be  pre- 
pared by  the  oxidation  of  orthodiam'nes  and  of 
polyamines  containing  two  amido-  groups  in  the 
ortlio-  position.  Thus  O.  Fischer  and  E.  Hepp 
proved  (B.  22,  356)  that  the  red  substance  which 
is  foi'med  by  the  oxidation  of  orthophenylenedi- 
amine  and  which  has  been  observed  by  many 
investigators  (Griess,  B.  5,  202  ;  Salkowski,  A. 
173,  68  ;  lludolph,  B.  12,  2211 ;  Wiesinger,  A. 
224,  353),  is  nothing  else  than  diamidophenazine. 
And  Nietzki  and  Mtiller  obtained  (B.  22,  447)  by 
oxidising  terramidobenzone  with  a  current  of  air 
tetramidophenazine. 

B.  EoilHODOLS. 

These  may  likewise  be  prepared  by  various 
methods. 

1.  The  sulphonio  acids  of  azines,  fused  with 
potash,  readily  yield  the  corresponding  oxyazines 
or  eurhodols  (Witt,  B.  19,  2791).    For  instance  : 

C„H„N,SO,,Na  f  2NaOH 

Sjdic  na  )htliOi)licnanthrazine^u'|)honate, 

=  C.,,H,3N,ONai-Na,S03 

Plieiiautl.il on  iphthoeurhodol. 

2.  Several  eurhodines  (amido-azines)  yield 
the  corresponding  eurhodol  on  being  heated 
under  pressure  with  strong  acids,  a  hydrolysis 
taking  place  under  the  circumstances  (Witt,  B. 
19,  444) : 

C„H,,N,.NH,H-H,0  =  NH3-hC,;H,,N.,0H 

Typical  eurhodine.  Earliudo'. 

3.  Diazo-azines,  on  being  boiled  with  water, 
"yield  the  corresponding  eurhodols ;  on  being 
boiled  with  alcohol  they  yield  the  alkylic  ethers 
of  these  eurhodols  (Witt,  B.  19,  444) : 

C,,H„N.,.N:N.CUH.,0 

DiazoeurUotline  chloride, 

=  HCl  +  N.,-hC„H,,N.,OH. 

Eurliodol. 

C,-H„N.,.N  :N.C1+C.,H  OH 
=  HC1  ,  N2-i-C,-H„N,,OC.JI-. 

Ethyleurhodo;. 

The  following  is  an  enumeration  of  those  of 
the  eurhodines  and  eurhodols  which  have  been 
more  closely  investigated,  the  properties  of 
which  are  tyisical  for  the  whole  class  of  colour- 
ing-matters. 

Typical  eurhodine,  C„H,  ,N.,  (Witt,  B.  19,445). 
The  mode  of  formation  of  this  substance  has 
already  been  given  (Section  A,  1).  It  is  best 
prepared  by  heating  equal  molecules  of  orth- 
aniidoazotoluene,  of  the  melting-point  118"5,  and 
a-naphthylamine  hydrochloride,  dissolved  in 
phenol  to  130"'C.,  until  the  colour  of  the  mix- 
ture, which  is  at  first  of  an  emerald  green,  has 
changed  into  a  brilliant  scarlet.  The  mixture  is 
now  treated  with  a  large  quantity  of  toluene, 
when  the  hydrochloride  of  the  new  dyestuff  is 
precipitated  in  a  crystalline  state.  By  recrystal- 
lisation  from  water  acidulated  with  hydrochloric 
acid  it  may  be  obtained  in  a  pure  state.  From 
the  pure  hydrochloride  the  free  eurhodine  base 
is  precipitated  by  alkalis  or  ammonia  in  the 
shape  of  a  yellow  powder,  which  may  be  recrys- 
tallised  from  aniline.  Thus  prepared,  it  forms 
glistening  yellow  prisms  and  needles  of  a  dark- 
brown  colour.  It  dissolves  in  ether  with  a  yellow 
colour  and  a  niagniticent  green  fluorescence, 
which  is  characteristic  for  all  the  members  of 
this  group  of  dyestuffs.  Eurhodine  forms  three 
series  of  salts,  of  which,  however,  only  those 
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with  one  molecule  of  acid  are  fairly  stable, 
whilst  those  containing  more  acid  are  decom- 
posed hy  the  addition  of  water.  It  is  to  the 
formation  of  these  various  salts  that  the  peculiar 
change  of  colour  is  due  which  is  observed  on 
adding  water  to  a  solution  of  eurliodine  in  con- 
centrated sulphuric  acid.  This  solution  is  of  a 
cherry-red  colour.  On  adding  a  small  quantity 
of  water  the  col'iur  changes  to  a  fine  emerahl 
green,  whilst  still  more  water  produces  the  scarlet 
shade  of  the  normal  sulphate.  This  change  of 
cobur,  which  is  observed  with  all  the  eurho- 
dines,  links  tiiem  to  their  parent-substances,  tlie 
azines,  which  exhibit  similar  curious  phenomena. 

The  normal  salts  of  eurhodine  are  well  crys- 
tallised and  of  a  bi'onzed  copper  colour  when 
solid.  In  solution  they  exhibit  a  brig]  it 
scarlet  tint  which  they  communicate  to  the  fibre. 
Tliese  normal  salts  are,  however,  partially  de- 
composed by  an  excess  of  water,  the  free  eurho- 
dine base  being  regenerated.  The  same  takes 
])lace  if  fibres  dyed  red  with  eurliodine  be  washed. 
The  scarlet  shade  is  gradually  replaced  by  the 
yellow  shade  of  the  free  eurhodine  base.  For 
this  reason  eurhodine  has  not  found  an  applica- 
tion in  the  industry  of  artificial  dyestutfs. 

Atnidonaphthophenazine  C|„H|,N.,  has  been 
obtained  by  Nietzld  and  Otto  (B.  21,  1598)  from 
;3-napbthylamine  and  dichloroquiiionimide.  It 
crystallises  in  dark-yellow  needles.  Its  salts  are 
of  a  crimson  colour.  Its  solution  in  sulphuric 
acid  changes  by  the  addition  of  water  from  red- 
dish brown  through  green  into  red.  It  forms  a 
diazo-  compound  which,  when  boiled  with  alco- 
liol,  yields  the  ordinary  naphthophenazine,  of 
the  melting-point  ll'2°-5.  The  following  com- 
pound is  its  dimethyl  derivative  : 

Dimethylamidonaphthophenazine  C,^H|-N, 
(Witt,  B.  21,  71'.)).  This  eurhodine,  the  forma- 
tion of  which  lias  been  described  under  Section 
A,  3,  may  easily  be  prepared  in  quantity  by 
heating  together  20  parts  nitrosodimethylaniline 
hydrochloride  and  10  parts  ;8-naphthylaraine 
with  50  glacial  acetic  acid  ;  the  reaction  sets  in 
Vielow  100°C.,  and  is  apt  to  become  violent. 
The  melt  tur.is  a  fine  violet  colour.  It  is  dis- 
solved in  water  acidulated  witli  hydrochloric 
acid,  and  the  tiitered  solution  is  precipitated  by 
the  addition  of  sodic  acetate.  The  crude  eurho- 
dine which  is  tlius  precipitated  may  be  purified 
by  dissolving  it  in  alcohol  acidulated  with  hydro- 
chloric acid.  From  this  solution  tlie  normal 
eurhodine  hydrochloride  crystallises  in  bronze- 
coloured  needles.  From  tiiese  ammonia  liberates 
the  free  eurhodine  base  in  the  shape  of  a  scarlet 
crystalline  powder.  It  may  be  recrystallised 
from  boiling  xylene  ;  it  is  thus  obtained  in  mag- 
nificent crystals  resembling  magnesium-platino- 
cyanide,  melting  a.t  205°C. 

The  change  of  colour  of  a  sulphuric  acid 
solution  of  this  eurhodine  is  not  very  marked, 
going  from  violet  through  black  and  green  into 
violet.  The  ethereal  solution  of  the  free  base 
exhibits  the  brilliant  fluorescence  characteristic 
of  all  eurhodines. 

Amidophenophenanthraz'.ne  C..,,H|.,N,.  This 
eurhodine  was  prepared  by  Witt  (li  I'.i,  445)  and 
by  Heim  (B.  21,  230G)  by  the  methods  given 
under  Section  A,  2  and  4.  It  crystallises  from 
toluene  in  short,  thick,  yellow  prisms,  melting 
at  -21'.V\ 


I  Dimetbyldiamidotoluphenazine,  Toluylene 
I  red  CijHi^i^,.  The  formation  of  this  compound 
by  the  spontaneous  decomposition  of  toluylene- 
blue  has  been  described  under  Section  A,  5. 
This  azine  forms,  in  a  pure  state,  orange  crystals, 
which  contain  4  mol.  of  water  of  crystallisation ; 
at  150°  this  is  given  off  and  the  anliydrous  base 
remains  as  a  dark-red  powder.  Tlie  hydrated 
base  is  soluble  in  ether  with  a  pink  colour  and  a 
beautiful  orange  fiuorescence.  The  solution  in 
concentrated  sulphuric  acid  is  green;  on  being 
diluted  with  water  it  changes  through  sky-blue 
into  red.  The  normal  (monacid)  salts  are 
perfectly  stable  and  soluble  in  water  witli  a 
pink  colour.  This  solution  dyes  unmordanted 
or  mordanted  cotton  and  other  fibres  a  pink 
which  in  darker  shades  deepens  into  a  coppery 
red. 

The  production  of  this  dyestufl'  has  been 
patented  (Otto  N.  Witt,  G.  P.  15,272,  dated  Nov. 
0,  1880).  The  commercial  product,  which  con- 
tains a  certain  amount  of  impurities,  is  sold 
under  the  name  of  '  neutral  red.'  It  is  chiefly 
used  in  calico-printing,  and  gives  very  fast  and 
useful  shades. 

A  similar  product  is  prepared  from  the  in- 
damine  which  is  formed  by  reacting  with  nitroso- 
dimethylamine  hydrochloride  upon  metaphenyl- 
euediamine.  It  is  embraced  by  the  same  patent 
and  sold  under  tlie  name  of  '  neutral  violet.' 

Typical  eurhodol  C,,H,,N,OH  (Witt,  B.  10, 
444).  This  substance,  the  formation  of  which" 
takes  place  according  to  the  equation  given  under 
Section  B,  2,  forms  small  leaflets  of  a  yellow  or 
red  colour  which  dissolve  in  concentrated  sul- , 
phuric  acid  witlr  a  red  colouration,  and  are  re- 
precipitated  from  this  solution  by  the  addition 
of  water.  Caustic  soda  solution  dissolves  it  with 
an  orange  shatle.  Thus  it  is  shown  that  this 
eurhodol  (like  all  compounds  of  the  same  class) 
exhibits  both  acid  and  basic  properties,  the 
latter  being  due  to  the  azine  group  contained  in 
their  molecule. 

Eurhodol  C.,^H,,N,,OH.  o.-Hydroxynaplitha- 
phenanthrazine  has  been  obtained  (Wilt,  B.  10, 
2701)  by  the  method  described  under  Section 
15,  1,  by  the  fusion  of  naplithaphenanthrazine- 
a-sulphonio  acid  with  caustic  potash.  Its  solu- 
tion in  sulphuric  acid  is  of  a  tine  and  intense 
indigo-blue ;  it  changes  very  suddenly  into  red 
on  the  addition  of  water,  the  sulphate  being 
precipitated.  This  substance  is  a  tine  yellow 
colouring  matter  which  may  be  fixed  on  cotton 
with  alum-mordant,  like  alizarine.  Owing,  how- 
ever, to  its  costliness  it  has  not  been  brought 
into  commerce.  A  large  number  of  isomerides 
may  be  prepared  by  starting  from  the  numerous 
sulpho-  derivatives  of  orthonaphthylenediainine, 
transforming  them  into  azinesulphouates  by 
condensation  \vith  phc-ranthraquiuone  and  into 
eurhodols  by  subsequent  fusion  with  caustic 
alkalis. 

Azonium  bases  and  safFranires.  The  azonium 
liases  are  a  class  of  compounds  of  wliich  our 
knowledge  is  very  restricted,  only  one  represen- 
tative of  the  class  being  at  present  known,  and 
that  rather  imperfectly.  Tiiey  are,  however,  of 
importance,  as  it  is  now  established  beyond 
doubt  that  they  are  the  parent  substances  of 
the  very  important  class  of  dyestuffs  known  as 
I  saffraniiies.    Although  the  first  artificial  dye- 
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stnlT,  mauvine,  \vas  a  true  saffranine,  and  al- 
though this  group  of  compounds  has  been 
frequently  under  investigation,  a  correct  view  of 
their  constitution  had  not  been  obtained  until 
quite  recently.  According  to  the  theory  now 
universally  adopted,  all  satfranines  are  amido- 
derivativcs  of  azonium  bases,  to  which  they 
stand  in  the  same  relation  as  the  azines  to  the 
eurhodines.  Hydroxy-  derivatives  of  azonium 
bases  have  also  been  prepared  and  described 
under  the  name  of  saffranols.  They  are,  how- 
ever, of  no  importance  as  colouring  matters. 

The  azonium  bases  themselves,  which,  as  has 
been  said,  are  with  one  exception  hypothet'cal, 
stand  in  the  same  relation  to  the  azines  as  the 
ammonium  bases  to  the  amines.  They  are 
azines  in  which  one  of  the  nitrogen  atoms  has 
become  pcntavalent  by  being  saturated  with 
tliree  organic  radicles  and  one  acid  radicle,  the 
connection  with  the  second  nitrogen  atom  being 
still  preserved  by  the  filth  valency  of  the  penta- 
valent  nitrogen  atom.  Thus  the  characteristic 
constitution  of  the  azonium  bases  may  be  ex- 
pressed by  the  general  formula 

j^iri 

in  which  and  PJ^  represent  mono-  and  bivalent 
organic  radicles  and  X'  a  monovalent  acid 
radicle.  The  azonium  bases  are,  as  far  as  we 
know,  compounds  which  f)ossess  strong  basic 
properties,  and  which,  in  the  tenacity  with 
which  they  retain  their  acid  radicle,  strongly 
resemble  the  ammonium  bases.  It  is  probable 
that  the  free  azonium  bases  contain,  like  the 
ammonium  bases,  the  hydroxyl  group  in  the 
position  X'  of  the  above  general  formula. 

The  azonium  bases  are  strongly  coloured 
substances,  but  their  dyeing  properties  are  only 
developed  and  brought  to  perfection  by  the  in- 
troduction of  amido-  groups  into  their  molecule. 
As  the  azonium  bases  theoretically  possible  are 
very  numerous,  and  each  of  them  is  capable  of 
producing  very  numerous  isomeric  mono-  and 
polyamido-  derivatives,  the  number  of  possible 
saft'ranines  is  exceedingly  large,  and  the  number 
of  those  which  have  already  been  prepared  is 
insignificant  in  comparison  with  that  fore- 
shadowed by  theory. 

Of  the  saffranines  which  have  hitherto  been 
prepared,  only  a  few  are  monamido-  derivatives 
of  azonium  bases.  A  few  more  are  of  doubtful 
or  unknown  constitution.  The  majority  are 
asymmetric  diamido-  derivatives  of  azonium 
bases,  containing  one  amido-  group  in  one  of 
the  diatomic  organic  radicles  (H")  whilst  the 
other  is  attached  to  the  nionatomic  radicle  (R^). 

The  true  constitution  of  phenosaffranine 
and  its  congeners  has  been  recognised  by  Witt, 
who,  after  pointing  out  the  analogy  between  the 
eurhodines  and  salTranines  (B.  18,  lll'J)  and 
clearing  up  the  constitution  of  tlie  former  (B.  10, 
44G),  proved  the  latter  to  be  asymmetric  diani  do- 
azonium  bases  (B.  1'.),  8121).  Bcrnthsen's  view, 
who  had,  basing  himself  likewise  on  Witt's 
eurhodine  researches,  proposed  (B.  19,  2G!10) 
somewhat  earlier  a  symmetrical  formula  for  the 


saffranines,  was  subsequently  proved  to  be 
erroneous. 

A.  Azonium  bases.  Of  these  only  one  re- 
presentative has  been  hitherto  prepared.  It  was 
obtained  by  Witt  (B.  20,  1183)  by  the  reaction 
of  phenanthraquinone  on  phenylorthonaphthyl- 
enediamine.  By  heating  these  ingredients  in 
an  acetic  acid  solution  an  intermediate  product 
is  obtained,  which  on  treatment  with  a  mineral 
acid  is  transformed  into  the  salt  of  the  azonium 
base. 


If  nitric  acid  is  used  the  nitrate  is  deposited 
in  very  fine  crystals.  It  is  sparingly  soluble  in 
water,  readily  soluble  in  spirit  with  a  tine 
orange-red  colouration.  The  hydrochloride  dis- 
solves in  sulphuric  acid  with  a  violet  tint, 
which  changes  into  red  on  dilution  with  water. 

B.  Saffranines.  The  various  colouring- 
matters  belonging  to  this  group  have  mostly 
been  prepared  by  various  synthetical  methods, 
which  may  be  classed  in  the  following  manner : 

1.  Keduction  of  the  nitro-  derivatives  of  azo- 
nium bases.  By  reacting  with  mononitro- 
phenanthraquinone  and  dinitrophenanthra- 
quinone  on  phenylorthonaphthylenediamine, 
nitro-  and  dinitro-  derivatives  of  the  above  azo- 
nium base  are  obtained,  which  on  reduction 
with  ammonium  suljahide  yield  reddish  violet 
colouring  matters  belonging  to  the  saffranine 
group  (Witt,  unpublished  observations). 

2.  By  the  action  of  dichloroquinonimides 
upon  secondary  aromatic  amines,  in  which  the 
paraposition  to  the  amido-  group  is  occupied, 
monamido-azonium  bases  are  formed  (Nietzki 
and  Otto,  B.  21,  151)8).  The  reaction  for  in- 
stance between  dichloroquinonimide  and;8-naph- 
thylplienylamine  may  be  represented  by  th? 
equation  : 

CI  N— , 

I  I 

\y 

Cl  N- 

Dichloroquinonimide  jS-NapIitliylplion}  iaiuiuo 

-  IICl  + 


3.  In  a  similar  manner  nitrosodimethyl- 
aniline  (or  any  other  nitrosamine)  reacts  with 
;3-naphthylphcnylamine  (Witt,  B.  21,  719). 
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NO  g-NaiilitliyIi>Iicu>laiuiiie 
Kitro^odiniethylaniliue 
liydroi'liloride 


(cn,),N 


HCl.N(CIIj), 


Kew  dyeituCE. 


+  3H,0  + 


NH, 

Diiui-'tlivlp.-ir.iplit'H-  1- 
eiiediiiiiiiiie  iiiuiio- 
li\d]'ticliluri<le. 


4.  The  saffranines  proper  (asymmetric  di- 
araklazoninm  bases)  are  formed  Ijy  tlie  joint 
oxiilation  of  one  molecule  of  diamine  and  two 
molecules  of  an  aromatic  monamine.  In  this 
reaction  fugitive  indamines  are  formed  as  inter- 
mediate products;  the  process  thus  becomes 
strictly  analogous  to  the  formation  of  toluylene- 
red  and  its  congeners. 

This  is  the  process  which  is  generally  used 
in  the  manufacture  of  saffranines,  and  it  will 
therefore  be  thoroughly  explained. 

By  the  joint  oxidation  of  an  aromatic  para- 
diamine  with  one  molecule  of  an  aromatic 
monamine,  an  indamine  is  invariably  formed 
{v.  Indaminks).  If  these  indamines  be  oxidised 
in  the  presence  of  another  molecule  of  an 
aromatic  monamine,  a  saffranine  is  formed  : 


First  Stage. 


NIL, 


I 

0 


Second  Stage. 


HCl 

NH, 


NIL, 

I 


N 


Aniline 
Jiydruchluride 


+  ■20  =  211  0+  N 

ci/| 

/\\. 


nhJ 


NH, 
1'Iieui.icull'ianinc'. 


Of  course  any  other  paradiamine  may  be 
substituted  for  paraphenyknediamine,  and  any 
other  monamine  for  aniline.  As,  however,  the 
formation  of  an  indamine  only  takes  place  if  the 
paraposition  to  the  aniido-  group  be  still  free, 
it  results,  that  at  least  one  of  the  two  molecules 
of  monamines  niust  fuiJil  this  condition.  Thus 
the  formation  of  a  saffranine  from  paraphenylene- 
diaraine  ti'kes  place  on  o.xidation  of  one  molecule 
of  the  diamine  with 

(1)  Two  molecules  of  aniline. 

(2)  Two  molecules  of  orlhotoluidine. 

(3)  One  of  aniline  and  one  of  orthotoluidine.' 

(4)  One  of  anilir  e  anJ  one  of  paratoluidine. 
(0)  One  of  qrthotoluidine  and  oiw  of  para- 

toluuline,  bat  it  does  not  take  place  with  one 
molecule  of  paraphenylcnediamine  and  two  of 
paratoluidine  (Wilt,  S.' C.  I.  1.S82,  250). 

On  the  other  hand,  the  other  of  the  two  mole- 
cules of  monamines  must  have  a  free  ortho-  posi- 
tion in  order  to  be  capable  of  entering  the 
reaction.  Thus  the  indamine  of  the  above  for- 
mula f  jrms  saffranines  with  all  the  primary 
aromatic  monamines  of  the  benzene  series,  with 
Ibe  exception  of  one  xylidine  and  of  mesidine, 
of  the  respective  formulaj 

NH.,       .  Nil, 


CII, 


CH, 


and 


CII, 


NH, 


because  these  two  have  no  free  ortho-  position  to 
be  used  for  the  formation  of  the  azonium 
group  (Nietzki,  B.  19,  3017  and  3136). 

It  is  also  necessary  that  this  second  molecule 
of  monamine  be  a  pnmp,ry  base,  whilst  the  one 
necessary  for  the  formation  of  the  indamine  may 
be  either  primary,  secondary,  or  tertiary,  provided 
always  that  it  possess  a  free  para-  position. 

5.  It  is  evident  that  the  general  process  de^ 
scribed  under  4  miy  be  modified;  thus,  for  in- 
stance, the  diparamido- derivatives  of  secondary 
bases  (being  the  leuco- compounds  of  indamines) 
may  be  oxidised  together  with  one  molecule  of  a 
primary  aromatic  monamine,  when  a  saffranine 
is  the  result. 


NH, 


NH, 


HII  IICl 


NH 


-f  30  =  311,0  + 


Aniline 
liydiucliloride 


NH„ 

D'pafaiiiido- 
diplicnyiiiniine 


NH, 

Safl'r.uiine. 


6.  Another  modification  (Witt,  B.  10,  873) 
consists  in  heating  amidoazo-  compounds  with 
the  hydrochlorides  of  aromatic  monamines. 
This  is  the  oldest  process  for  the  manufacture 
of  saffranines.  The  ir-echanism  of  this  reaction 
is  simple.  Part  of  amidoazo-  compound  being 
reduced,  a  mixture  of  a  paradiamine  and  a 
primary  monamine  in  molecular  proportions  is 
formed,  which  with  the  monamine  added  in  the 
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shape  of  hydrochloride,  is  transformed  into 
satt'ranine  hy  the  dehydrogenatiug  action  of  the 
remaining  part  of  the  amidoazo-  compound.  It 
is  evident  that  the  yield  must  be  small  in  this 
process  of  manufacture,  and  such  is  actually 
the  case. 

7.  Certain  compounds  belonging  to  the  saf- 
frauine  group  (mauveine  &c.)  are  formed  by  the 
oxidation  of  heavy  aniline  alone  ;  on  continued 
oxidation  mauve'ine  is  converted  into  true  salfra- 
nine  (Perkin.  P.  R.  35,  717). 

The  following  is  an  account  of  the  more 
important  and  more  thoroughly  investigated 
saffranines. 

A.  MoNAMiDo-  Derivatives  of  Azonium  Bases. 

1.  Eed  dyestuff  C,,H|  .N^.d.  Obtained  by 
the  action  of  dichloroquinonimide  on  phenyl- 
/S-naphthylamine  was  prepared  by  Nietzki  and 
Otto  (B.  21,  1598)  by  heating  the  ingredients  in 
molecular  proportion  in  alcoholic  solution  on 
the  water-bath.  The  nitrate  forms  green  needles 
or  prisms  which  are  soluble  in  water  with  a 
magenta-red  colour.  The  hydrochloride  dis- 
solves in  sulphuric  acid  with  a  red  colouration, 
which  on  dilution  changes  through  green  into 
red. 

2.  Violet  colouring'  matter  CiH^N^Cl.  Pre- 
pared by  Witt  (B.  21,  719)  by  acting  with  3  mole- 
cules of  nitrosodimcthylaniline  hydrochloride 
in  an  acetic  acid  solution  on  2  molecules  of 
phenyl-/3-naphthylamine.  This  is  the  dimethyl- 
derivative  of  the  jjreceding  substance.  The 
hydrochloride  forms  large  black  needles  soluble 
in  water,  with  a  tine  violet  colour.  The  free 
base,  C.^,H_,,|N,,.OH  is  liberated  from  the  salts  by 
caustic  alkalis  only.  It  is  insoluble  in  water, 
soluble  in  alcohol,  with  a  red  colour  and  a  line 
orange  fluorescence. 

3.  Violet  colouring  matter  C,,H,.N,C1.  Pre- 
pared -by  Witt  (B.  21,  719)  irom  paratolyl- 
y8-naphthylaniine  in  exactly  the  same  manner  as 
the  preceding  substance,  of  which  this  is  the 
next  homologue.  Violet,  soft  needles,  resem- 
bling in  their  colour  and  reactions  the  phenyl 
derivative. 

The  above  substances  have  been  patented 
(Otto  N.  Witt,  G.P.  19,221,  dated  Feb.  18, 1882). 

B.  DiAMiDO-  Dehivatives  of  Azonium  Bases. 
1.  Phenosaffranine  C,„H,jN,Cl.  Discovered 

by  Witt  (exhibited  in  Paris  in  1878  and  men- 
tioned in  the  catalogue  of  Messrs.  Williams, 
Thomas  &  Dower),  closely  investigated  by 
Nietzki  (B.  Ifi,  404)  and  by  Bindschedler  (B.  13, 
207  ;  10,  805). 

It  was  with  this  compound  that  the  mode  of 
formation  of  the  saffranines  and  their  chemical 
properties  were  definitely  ascertained,  chieHy  by 
K.  Nietzki,  whose  brilliant  researches  on  this 
subject  did  much  to  clear  up  the  chemistry  of 
this  group. 

Phenosaffranine  is  prepared  by  the  joint 
oxidation  of  paraphenylenedianiine  and  aniline. 
The  mechanism  of  this  process  has  already  been 
discussed.  A  dilute  aqueous  solution  of  the 
normal  hydrochlorides  of  these  bases  is  used,  and 
their  oxidation  is  accomplished  by  adding  potas- 
sium or  sodium  bichromate  or  manganese  dioxide 
in  the  necessary  proportion  to  the  hot  solution. 
The  blue  colour  of  the  iudamiue  which  appears 


at  first  is  immediately  replaced  by  the  red  colour 
of  the  saffranine  formed.    A  certain  quantity  of 
insoluble  dark  by-products  is  always  formed, 
but  by  careful  work  the  yield  of  pure  saffranine 
may  be  raised  to  70  per  cent,  of  the  theory. 
When  the  oxidation  is  finished,  soda  solution  or 
milk  of  lime  is  added  in  order  to  precipitate  the 
impurities,  and  the  liquid  is  filtered.  By  adding 
a  small  amount  of  nitric  acid  and  some  sodium 
nitrate  to  the  filtered  solution,  the  nitrate  of  the 
saffranine  crystallises  out  ;  or  the  chloride  may 
be  prepared  by  adding  common  salt  to  the  solu- 
I  tion  after  acidulating  it  with  hydrochloric  acid. 
By  repeated    recrystallisation  from   water  or 
alcohol,  the  phenosaffranine  is  obtained  in  a 
state  of  purity,  in  the  form  of  magniticent  green 
needles.   The  sulphate  forms  blue  needles.  The 
platinum  salt  (C,„H|.N|.Cl)oPtCl|  forms  insoluble 
j  shining    leaflets.     Phenosaffranine    forms  a 
j  diacetyl-  derivative  on  boiling  with  acetic  an- 
I  hydride  in  the  presence  of  dry  sodium  acetate. 
It  forms  two  diazo- derivatives,  of  which  the  first 
C.sH^NjCl 

\n  :  N.Cl 

is  rather  stable  and  soluble  in  water,  witli  a  blue 
colouration.    The  other  diazo-  compound 
^N  :  N.Cl 

C„H„N,C1 
\n  :  N.Cl 
is  very  unstable  and  of  a  green  colour. 

Phenosaffranine  dyes  wool,  silk,  and  cotton  a 
magnificent  pink.  Its  aqueous  solutions  are  red 
and  show  no  fluorescence,  whilst  alcoholic  solu- 
tionsshow  a  marked  greenish-yellow  fluorescence. 
Phenosaifranine  dissolves  in  concentrated  sul- 
phuric acid  with  a  green  colouiation  which 
changes  through  blue  into  red  on  dilution,  thus 
indicating  the  actual  existence  of  the  three  series 

j  of  salts  foreshadowed  by  theory. 

j  The  alkyl-  derivatives  of  phenosaffranine  are 
interesting  colouring  matters,  some  of  which 
have  found  an  industrial  application.  They 
have  not  been  prepared  by  introducing  alkyl- 
groups  into  ready-formed  saffranine,  but  rather 
by  direct  synthesis  from  suitable  raw  materials. 
Each  of  them  exists  in  two  isomeric  modifica- 
tions, according  to  the  amido-  group  into  which 
the  alkyl-  group  has  been  introduced.  The  two 
amido-  groups  of  phenosalfranine  being  asym- 
metric, and  thereiore  not  equivalent  to  one 
another,  must  of  nccess'ty  produce  dilferent  pro- 
ducts by  their  being  alkylated. 

a-DimethylsafFranine  C.„,Hn,NjCl  is  produced 
by  the  simultaneous  oxidation  of  one  molecule 
of  dimethylparaphenyleuediamine  with  two 
molecules  of  aniline. 

It  is  a  dyestuff  of  a  magenta-red  shade.  Its 
nitrate  crystallises  in  green  needles  (Biiidsched- 

.  ler.  I.e.). 

/8-Dimethylsaffranine  is  obtained  by  oxi- 
dising a  mixture  of  one  molecule  of  paraphenyl- 
enedianiine with  one  molecule  of  aniline  and 
one  molecule  of  dimethylaniliiie.  Its  shade  is 
similar  to  that  of  the  preceding  one  ;  its  nitrate 
I  forms  brown  leaflets  (Nietzki,  B.  19,  3017  and 
3130). 

The  two  diethyl  saffranines  are  obtained  in 
a  similar  manner.  Their  chlorides  form  green 
needles  which  dissolve  in  water  with  a  violet 
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shade  (Nietzki,  B.  1(3,  404).  These  substances, 
and  especially  the  a- derivatives,  are  manufac- 
tured under  the  name  of  fuchsia. 

TetramethylsafFranine  (Bindschedler,  loc.  cit.) 
and  tetra-ethylsaffranine  (Nietzki,  loc.  cit.)  may 
be  prepared  by  the  joint  oxidation  of  one  mole- 
cule dimethyl-  (or  diethyl-)  paraphenylenediamine 
with  one  molecule  of  aniline  and  one  molecule 
of  dimethyl-  or  diethylaniline.  These  substances 
have  been  sold  under  the  name  of  amcthj/st. 
Their  shade  is  a  magniticent  violet,  with  a  tine 
crimson  fluorescence.  Unfortunately  they  are 
very  fugitive. 

2.  Tolusaifranines  (Hofmann  and  Geyger,  B. 
5,  526)  C^,H.^|N|.C1.  A  mixture  of  the  isomerides 
of  this  formula  is  the  saffranine  of  commerce. 
It  is  prepared  by  the  oxidation  of  a  mixture  of 
paratoluylenediamine  with  the  two  toluidines. 
This  mixture  is  obtained  by  treating  three  mole- 
cules of  the  orthotoluidine  of  commerce  (which 
contains  from  G  to  10  p.c.  of  paratoluidine)  with 
two  molecules  of  hydrochloric  acid  and  one 
molecule  of  sodic  nitrite  dissolved  in  as  little 
water  as  possible.  A  thick  heavy  oil  is  the  result, 
which  is  merely  a  solution  of  amido-azotoluene 
in  the  excess  of  toluidine  present.  By  dissolving 
this  oil  in  hydrochloric  acid,  and  reducing  it  with 
either  zinc-dust  or  iron  borings,  the  aniido-azo- 
compound  is  split  up  into  paratoluylenediamine 
and  orthotoluidine ;  consequently  the  aqueous 
liquid  produced  contains  the  bases  in  the  neces- 
sary proportions  for  the  production  of  saffranine. 
The  rest  of  the  treatment  is  exactly  similar  to 
the  one  described  for  pheno-saft'ranine.  The 
saffranine  is  precipitated  from  the  liquid  by  the 
addition  of  salt.  By  redissolving  it  in  water, 
boiling  with  a  small  quantity  of  potassium 
bichrcmate,  treating  it  afresh  with  milk  of  lime, 
and  reprecipitating  the  filtered  liquid  with 
clean  salt,  the  saffranine  is  purified  so  as 
to  give  the  brightest  shades  on  dyeing.  Saf- 
franine prepare  1  with  a  toluidine  rich  in  para- 
toluidine is  very  insoluble  in  cold  water,  and 
therefore  generally  disliked  by  the  dyer.  The 
presence  of  aniline  has  not  the  same  disagree- 
able effect :  some  manufacturers  therefore  use 
the  first  runnings  of  the  magenta  process,  which 
consist  of  aniline  and  orthotoluidine,  and  con- 
tain no  paratoluidine,  as  a  suitable  raw  product 
for  the  manufacture  of  saffranine.  The  saf- 
franine of  commerce  forms  a  brown  powder 
which  dissolves  readily  in  hot  water.  It  dyes  a 
bluish  pink  on  textile  fibres,  and  was  chiefly 
used  for  dyeing  cotton.  The  introduction  of  the 
so-called  substantive  azo-  colours,  derived  from 
benzidine  and  its  congeners,  has  much  dimin- 
ished the  use  of  saffranine. 

3.  Girofle.  A  dimethylphenoxylosaffranine 
has  been  produced  by  heating  nitrosodimethyl- 
aniline  hydrochloride  with  xylidine,  and  sold 
under  the  above  name  as  a  violet  colouring 
matter  of  a  pleasing  shade. 

4.  Saffranisol  C„H|,(OCH,)  ,N,.C1  is  a  sub- 
stance which  has  been  obtained  by  Nietzki  by 
the  joint  oxidation  of  one  molecule  of  para- 
phenylenediamine with  two  molecules  of  ortho- 
anisidine.  It  dyes  a  very  beautiful  yellowish- 
pink  with  a  yellow  flaore:5cence.  This  product 
has  been  patented  (Kalle  &  Co.,  G.  P.  21,22), 
dated  Oct.  27,  18s2),  but  owing  to  the  high  price 
of  its  production  it  has  been  unable  to  compete 


with  the  cosine  colours,  which  are  perhaps  still 
more  brilliant  in  shade. 

5.  Magdala  red  C,„H,,N,C1.  This  old  and 
very  beautiful  colouring  matter  is  the  saffrannie 
of  the  naphthalene  series.  It  was  discovered  by 
Schiendl  and  first  investigated  by  Hofmann 
(B.  2,  374),  who,  however,  owing  to  the  great 
difficulties  of  its  analysis,  assigned  to  it  the 
erroneous  formula  C.||H^|N.,.HC1.  After  a  re- 
vision of  the  analytical  data  by  Julius  (B.  19, 
1365)  its  true  composition  was  established. 
This  substance  cannot  be  prepared  by  the 
usual  oxidation  process  from  paranaphthyleno- 
diamine  and  naphthylamine  because  para- 
naphthylenediamine  is  at  once  transformed  into 
a-naphthaquinone  even  by  the  gentlest  oxi- 
dising agents.  Magdala  red  has  therefore  to  be 
prepai-ed  by  the  old  process  of  heating  a-amido- 
azouaphthalene  with  a-naphthylamine  acetate. 
The  chief  product  of  this  reaction  is  rhodindine, 
the  induline  of  the  naphthalene  series  {v.  Indu- 
LiNEs)  ;  but  a  small  proportion  (6-8  p.c.)  of 
Magdala  red  is  formed  at  the  same  time.  This 
is  extracted  from  the  melt  by  a  repeated  treat- 
ment with  boiling  water,  in  which  it  is,  although 
sparingly,  soluble.  On  cooling,  this  solution 
deposits  the  dyestuff  in  the  shape  of  gelatinous 
flakes.  It  is  purified  by  repeated  crystallisations 
from  water.  When  pure,  it  forms  a  dark  crys- 
talline powder  which  dissolves  in  alcohol  with  a 
pink  colour  and  a  magnificent  orange  fluores- 
cence. It  is  used  for  dyeing  light  pinks  on  silk, 
but  is  now  rapidly  being  replaced  by  rhodamine 

{v.   TlilPnENVLJIKTHANE  COLOURING  MATTEKs).  If 

ready-formed  paranaphthylenediamine  be  added 
to  the  magenta-melt,  the  proportion  of  Magdala 
red  formed  is  considerably  increased  (Otto  N. 
Witt,  G.  P.  40,868,  dated  Dec.  30,  1886).  It  is 
thus  shown  that  Magdala  red  is,  after  all,  only  a 
product  of  the  joint  oxidation  of  paranaphthyl- 
eneiliamine  and  a-naphthylamine. 

The  salts  of  Magdala-red  form  in  a  perfectly 
pure  state,  if  recrystallised  from  s^jirit.  green 
needles  with  a  metallic  lustre.  The  chloride, 
sulphate,  picrate,  and  platinum  double  chloride 
have  been  prepared  and  analysed.  These  salts 
dissolve  in  concentrated  sulphuric  acid  with  a 
blue-black  colour  which  changes  into  red  on 
dilution. 

Mixed  Magdala  reds  have  been  prepared 
either  by  heating  amido-azonaplithalene  with 
aromatic  monamines  of  the  benzene  series  (M. 
T.  Lecco,  B.  7,  12',I0),  or  by  heating  amidoazo- 
compounds  of  the  benzene  series  with  para- 
naphthylenediamine hydrochloride  and  aniline, 
toluidine,  or  even  phenol  (Otto  N.  Witt,  G.  P. 
40,808).  These  dyestuffs  resemble  Magdala  red 
in  their  properties. 

6.  Indazine  is  the  commercial  name  of  a 
saffranine  dye,  which  is  obtained  by  heating 
the  symmetrical  diphenylmetaphenylenediamine 
(prepared  by  heating  resorcine  with  aniline  hydro- 
chloride in  the  presence  of  zinc  chloride)  with 
nitrosodimethylaniline  hydrochloride.  Its  con- 
stitution may  be  inferred  from  its  analogy  with 
the  violet  dyestuff  prepared  from  nitrosodi- 
methylaniline and  ;8-naphthylphenylamine.  It 
is  a  serviceable  blue,  of  considerable  intensity 
but  little  brilliancy  of  shade. 

7.  Basle  blue  C,,,H,,N|C1  is  a  similar  blue 
dyestuff  prepared  (T.  Annaheim,  B.  20,  1371  ; 
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Durand  and  Ilugiienin,  G.  P.  40,880,  dated  Sept. 
23,  188G)  by  the,  reaction  of  nitrosodimethyl- 
aniline  hydrochloride  on  the  paratolyhiaph.tliyl- 
enediamine  \vhich  is  formed  by  heating  Ebert 
and  Merz's  dihydroxynaphthalene  with  para- 
toluidine  hydrochloride.  It  forms  a  brown  crystal- 
line jjowder,  soluble  in  water,  with  a  bluish- 
violet  shade.  In  concentrated  sulphuric  acid  it 
dissolves  with  a  greenish-brown  shade,  which 
changes  through  green  into  violet  on  dilution. 

Saffranine  Dyes  op  Unknown  Constitutiojt. 

Mauveine  C^iHo^NiCl.  This  substance,  the 
oldest  of  all  the  artificial  colouring  matters,  is 
still  manufactured  in  a  small  way,  and  sold  under 
the  name  of  rosolane.  It  was  discovered  and  ex- 
amined by  W.  H.  Perkin  (P.  E.  So,  717),  who  also 
described  the  mode  of  its  production.  It  is  pre- 
jiared  by  oxidising  heavy  aniline  with  potassium 
bichromate,  and  extracting  the  mauveine  formed 
with  water  or  spirit  from  the  black  insoluble 
mass  which  is  the  chief  product  of  the  reaction. 
Mauveine  is  generally  sold  in  the  shape  of  a  violet 
paste.  It  is  insoluble  in  cold,  sparingly  soluble 
in  hot  water,  easily  soluble,  with  a  fine  purple 
shade,  in  .spirit.  Concentrated  sulphuric  acid 
dissolves  it  with  an  olive-green  colouration, 
which  changes  through  green  and  blue  into  pur- 
ple. Mauveine  holds  still  its  own  against  the 
cheaper  new  violets  on  account  of  its  great  fast- 
ness to  light  and  other  inflnences.  It  is  used  for 
shading  tiie  white  in  bleached  silks. 

Mauveine  yields  on  oxidation  a  pink  dyestufJ 
which  is  supposed  to  be  identical  with  ordinary 
phenosaft'ranine.  In  our  opinion  this  statement 
requires  confirmation.  O.  N.  W. 

AZO-ANTHROL  COLOURS.  Anthrol,  the 
phenol  of  anthracene,  can  easily  be  prqsared  on 
a  large  scale  by  the  method  of  Liebermann  and 
Lollert  (B.  15,  226)  (;'.  ANxnituL).  Liebermann 
has  used  it  in  the  preparation  of  a  number  of  azo- 
colours,  since  it  is  of  interest  to  know  the  in- 
fluence which  phenol,  naphthol,  or  anthrol  when 
used  in  the  preparation  of  azo-  colours  has 
upon  their  shade  and  their  stability.  The 
colours  were  prepared  in  the  usual  way,  viz.  by 
mixing  the  solutions  of  the  diazo-  bases  or  their 
sulphonic  acids  with  alkaline  solutions  of  anthrol, 
the  reactions  taking  place  in  exactly  the  same 
manner  as  when  naphthol  is  used.  The  sul- 
phonic acids  of  the  colouring  matters,  which  are 
cither  obtained  by  using  the  sulphonic  acids  of 
the  bases  for  the  preparation  of  the  colours,  or 
by  sulphonating  the  insoluble  colouring  matters 
which  are  produced  when  the  bases  themselves 
are  used,  dye  silk  and  wool  direct,  imparting  to 
them  shades  similar  to  thoseobtained  by  naphthol 
colours.  They  vary  from  blood- red  to  a  deep 
reddish-brown.  Of  course  other  anthracene  de- 
rivatives— for  instance,  dioxyanthracene —yield 
similar  azo-  colours  (S.  C.  I.  1,  ISl). 

AZOBENZENE  C,,H,„N,.  A  product  of  the 
jiartial  reduction  of  nitrobenzene,  obtained  by 
Mitscherlich  (A.  12,  311)  by  boiling  an  alcoholic 
solution  of  nitrobenzene  with  potash  and  distil- 
ling the  product. 

P)C2Jrt)-«<!o;i.— Azobenzene  is  obtained  by 
acting  with  sodium-amalgam  (4  to  5  p.c.  of 
sodium)  on  nitrobenzene  dissolved  in  ether  con- 
taining water  (Werigo,  A.  135,  176  ;  Alexejefif, 
J.  18G1,  625;  Easeneck,  B.  5,-3G7);  the  pro- 


duct, according  to  Alexejeff  (J.  1867,  503)  is 
azobeuzene  or  azoxybenzene,  according  as  the 
sodium  amalgam  or  nitrobenzene  is  in  excess. 
On  the  large  scale  azobenzene  is  prepared  by  the 
reduction  of  nitrobenzene  in  alcoholic  solution 
with  zinc-dust  and  aqueous  soda.  In  this  re- 
action the  reduction  tends  to  go  further,  and 
some  hydrazobenzene  is  also  obtained ;  this, 
however,  is  readily  oxidised  to  azobenzene  if 
nitrous  fumes  are  passed  into  the  alcoholic  solu- 
tion of  the  product  (Alexejeif,  J.  1867,  503). 
Azobenzene  can-  also  be  prepared  by  distilling 
azoxybenzene  (1  part)  with  iron  tilings  (3  parts): 
(Schmidt  and  Schultz,  B.  12,  481),  and  by  heat- 
ing nitrobenzene  on  a  water- bath  with  the 
ca'calated  quantity  (2 mols.)  of  stannous  chloride 
dissolved  in  excess  of  aqueous  soda  (\Yitt,  B. 

18,  21)12). 

.Properties. — Azobenzene  crystallises  in  large 
yellowish-red  crystals  belonging  to  the  rhombic 
system  (Alexejeff,  C.  S.  42,  965),  melts  at  i>S', 
boils  at  2'J3^,  and  is  readily  soluble  in  alcohol 
and  ether,  insoluble  in  water.  From  benzene  it 
crystallises  with  benzene  of  crystallisation  in- 
rhombic  prisms,  which  lose  benzene  on  exposure 
to  the  air.  Weak  reducing  agents,  such  as  am- 
monium sulphide  or  zinc-dust  in  alkaline  solu- 
tion, convert  azobenzene  into  hydrazobenzene 
(Alexejeff,  A.  2-07,  327),  but  benzidine  is  obtained 
when  strongerreducing  agents  such  as  sulphurous 
acid  or  hydrogen  iodide  are  employed,  or  ihe 
alcoholic  solution  is  treated  in  the  cold  with 
stannous  chloride  and  a  little  sulphuric  acid 
(Schultz,  B.  17,  464  ;  Mentha  and  Heumann,  B. 

19,  2970).  When  heated  with  ammonium 
hydrogen  sulphite  and  alcohol  under  pressure 
it  is  converted  into  benzidinesulphamic  acid 
(Spiegel,  B.  IS,  1481).  Azobenzene  yields  a 
mixture  of  mono-,  di-,  and  tri-nitrazobenzenes 
when  treated  with  fuming  nitric  acid  (Gerhardt 
and  Laurent,  A.  75,  73 ;  Janovsky  and  Erb, 

B.  18,  1133;  19,  2157;  Janovsky,  M.  7,  124), 
whilst  ordinary  sulphuric  acid  dissolves  it  with- 
out alteration,  although  the  fuming  acid  at  130° 
converts  it  into  azobenzenemonosulphonio  acid 
(Griess,  A.  154,  20i  ;  Janovsky,  M.  2,  219).  The 
bromine  derivatives  of  azobenzene  have  been 
examined  by  Werigo  (A.  165,  189)  and  Janovsky 
(Z.C.). 

AZOBENZENE    RED    v.    Azo-  coLouniNO 

MATTERS. 

AZO-BLACK  or  NAPHTHOL  BLACK  v.  Azo- 

COLCURING  MATTEIiS. 

AZO-BLUE  V.  Azo-  coLorniNo  matters. 
AZO-COCCIN  V.  Azo   col  iuuino  matters. 
AZO-  COLOURING  MATTERS. 

History.  —  The  colouring  matters  of  this 
class  contain  one  or  more  azo-  groups — N:N — 
linking  together  aromatic  radicles.  Tlie  typical 
parent  substance  from  which  these  compounds 
may  be  regarded  as  being  derived  is  azobenzene, 

C,  .H-,.N:N.O„H^,  which  has  been  known  since 
the  year  1834  (Mitscherlich,  A.  12,  311).  The 
basic  and  acid  derivatives  of  azobenzene  are  all 
colouring  matters,  the  amido-  derivative,  amido- 
azobenzene,  having  been  the  first  of  these  com- 
pounds which  was  prepared  and  introduced  into 
commerce  on  anything  approaching  a  large  scale 
by  the  firm  of  Simpson,  Maule,  and  Nic'  o'son  in 
1863.  This  substance  was  prepared  by  the 
action  of  nitrous  gas  upon  aniline  dissolved  in 
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alcohol,  aiifl  Wtas  known  in  the  market  by  the 
name  of  '  aniline  yellow,'  the  true  constitution 
of  the  colour  being  at  the  time  unknown.  Tile 
introduction  of  the  first  azo-  colour  into  com- 
merce is  thus  due  to  the  firm  above  mentioned, 
although  the  prod  action  of  the  colour  itself 
appears  to  have  bien  previously  observed  by 
Mene  (C.  E.  52,  311),  Luthnnger  (Brevet 
d'invention,  Aug.  80,  18G1),  and  Griess  (A. 
1862,  121,  p.  202,  vote).  The  first  researches 
upon  the  diazo-  compounds  (as  distinguished 
from  azo-  compounds)  were  published  in  1858 
by  Griess  (A.  C.  lOO,  12,J),  who  in  18G2  dis- 
covered a  compound  produced  by  the  action  of 
nitrous  acid  upon  aniline,  to  which  he  gave 
the  name  of  '  diazoaniidobenzol  '  (A.  C.  121, 
257).  The  latter  was,  however,  a  true  diazo- 
compound,  and  on  comparing  it  with  the 
'  aniline  yellow '  of  commerce  it  was  found 
that  the  two  substances  were  is  omeric,  a  dis- 
covery which  led  to  the  establishment  of  the 
true  formula  of  ainidoazobenzene  by  Martius 
and  Griess  in  180G  (Z.  N.F.  2,  132).  In  this 
same  year  a  brown  dye  was  sent  into  the 
market  by  the  firm  of  lioberts.  Dale,  it  Co.,  of 
Manchester,  and  this  colouring  matter  (known  as 
Manchester  Brown,  Vesuvine,  Pheiiylene  Brown, 
or,  more  generally,  Bismarck  Brown)  was  inves- 
tigated by  Caro  and  Griess,  and  identiiied  as 
an  azo-  compound  (trianiidoaiiobenzcne)  in  18G7 
(Z.  N.F.  3,  278).  Tliis  compound  sti  1  occu- 
pies an  important  place  in  the  tinctorial  in- 
dustries, wliilst  the  earlier  known  amidoazo- 
benzene  (aniline  yellow)  has  been  completely 
abandoned  on  account  of  its  fugitive  character. 
In  187<i  a  beautifully  crystalline  orange  colour- 
ing matter  made  its  appearance  as  a  commercial 
product  under  the  name  of  '  chrysoidine,'  its 
composition  and  constitution  having  been  estab- 
lished by  Hofniann  (B.  1877,  213),  who  showed 
that  it  was  diamidoazobenzene,  being  thus  re- 
lated on  the  one  hand  to  amidoazobenzene  and  on 
the  other  hand  to  triamidoazobenzene.  This 
colouring  matter  was  discovered  almost  simul- 
taneously by  Caro  and  Witt,  independently,  in 
1870,  but  was  hrst  introduced  into  commerce  by 
the  latter,  the  manufacture  having  been  carried 
out  by  the  tirni  of  Williams,  Thomas,  and  Dower, 
of  Brentford  and  Fulham.  The  three  azo- 
colours  which  thus  iirepared  the  way  for  the 
further  extension  of  this  important  branch  of 
manufacture  are  all  amidated,  and  therefore 
basic  derivatives  of  azobenzene,  having  the 
furmuhe  : 

C,H3.N,.C,H,.NH, 

Aiiiitloazobfii'/ene  (aniline  yel'ow) 

C,H,.N,,.C„H3(NH,), 

DianiidoazubL'iizciie  (t'hrysui  line) 

NH,.C„Hj.N,.C,H,(NH,), 
Tiianiidonzobenzeue  (Bismarck  brown). 
The  manufacture  of  chrysoidine  was  the 
first  industrial  application  of  Griess's  discovery 
of  the  diazo-  compounds,  the  colouring  matter  in 
question  being  prepared  by  the  action  of  a  diazo- 
salt  (diazobenzene  chloride)  upon  metaphenyl- 
enediamine,  and  this  manufacture  was  soon 
followed  by  the  appearance  of  acid  azo-  com- 
pounds prepared  by  the  action  of  diazosulplionic 
acids  upon  phenols.  The  typical  parent  sub- 
stance of  the  acid  azo-  colours  may  be  regarded 


as  oxyazobenzene,  C„H-,.N„.C^II,.OH,  which  was 
first  prepared  by  Griess  in  18(i0  (A.  C.  137, 
S4).  The  general  method  by  whicb  the  azo- 
colours  are  now  prepared  is  an  application  of 
the  reaction  between  diazo-  salts  and  phenols 
in  alkaline  solution,  first  made  known  by  Kekule 
an-d  Hidegh  (B.  1S70,  233),  the  first  colouring 
matters  of  this  class  having  1  eeii  introduced 
by  Witt  under  the  name  of  '  Tk  prolines  '  (C.  J. 
187'J,  17!)),  and  simultaneously  by  Poirrier,  of 
St.  Denis,  under  the  designation  of  'Orange' 
of  various  brands.  Since  the  first  appearance  of 
the  acid  azo-  colours  immense  numbers  of 
these  compounds  have  been  sent  into  com- 
merce under  various  designations,  the  first 
patent  lia\ing  been  taken  out  by  Griess  in 
1878  (B.  1870,  12  and  143),  and  being  quickly 
followed  by  others,  which  will  be  referred  to  in 
due  order.  Of  the  acid  azo-  colours  described  in 
the  earlier  specifications,  the  most  successful 
from  an  industrial  point  of  view  were  those 
manufactured  by  the  'Badisclie  Anilin-  und 
Soda-Fabrik'  (B.  1870,  1304),  and  by  Meister, 
Lucius,  and  Brilning,  of  Hiichst  (B.  1879,  141). 

j  The  next  step  of  importance  in  the  industrial 
history  of  the  azo-  colours  was  the  introduction 
of  scconddvy  azo-  coiiq  oiinds,  containing  two  azo- 
groups.  Tlietvpical  compound  of  this  class  is  oxy- 
azo-azobenzcne,  C, H-,.N,.C,H,,.N_.C  H,.OH,  dis- 
covered in  1877  by  Caro  "and  Schraube  (B.  1877, 
p.2230).  In  1879  appeared  the  '  Biebrich  scarlet ' 
of  Nietzki  (B.  1880,  pp.  800,  183S),  which  was 
introduced  by  the  firm  of  Kalle  &  Co.,  of  Bie- 
brich. The  manufeicture  of  this  scarlet  de- 
pended upon  a  discovery  of  Griissler  (B.  1879j 
p.  300  ;  Germ.  pat.  4,180,  May  12,  1878,  and 
subsequent  patents;  also  Kriigener,  B.  1882, 
p.  94  ;  Germ.  pat.  10,482,  Nov.  14,  1879),  that 
amidoazobenzene  could,  by  the  action  of  fuming 
sulphuric  acid,  be  converted  into  a  mixture  of 
sulphonic  acids  capable  of  being  diazotised.  In 
1881  the  manufacture  of  a  new  /3-naphtliol-a-sul- 
phonic  acid  was  patented  by  the  firm  of  Baver 
&  Co.  (B.  1882,  pp.  1351,  3104),  from  which 
acid  were  prepared  a  number  of  now  secondary 
azo-  colours,  these  now  being  met  with  under  the 
name  of  '  Crocein  Scarlets.'  Of  late  years  a 
new  series  of  secondary  azo-  compounds,  derived 
from  benzidine  and  its  honiologucs,  has  been 
discovered,  and  these  colouring  matters  are  now 
extensively  used,  especially  for  cotton-dyeing. 
Amongst  the  earliest  of  these  benzidine  colours 

.  manufactured  on  a  large  scale  was  '  Congo  red,' 
obtained  by  the  aciion  of  a  tetrazo-  salt  of  this 
base  upon  o-naphtliylaniine  sulphonic  acid  (P. 
Bottiger,  Germ.  pat.  No.  28,753;  B.  1884,  p. 
453). 

Manufacture—  The  general  method  of  pre- 
paring the  azo-  colours  on  a  large  scale  depends 
upon  the  reaction  between  a  diazo-  salt,  usually 
the  chloride,  and  a  phenol  or  phenolsulphonic 
acid  in  presence  of  an  alkali,  as  typified  by  the 
following  example : — 

C,iH5.N,.CU  C„H,.ONa  ' 

Diazobenzene-  Soiliuni 
cliloride  Plieiiatc 

=  C,II,.N,.C,Hj.OH  +  NaCl. 

Benzencazophcuol 

Amidosulphonic  acids  or  amidocarboxylic 
acids  when  diazotised  react  in  a  similar  manner : 
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C,II,<J^-  >  +  C„H^.OXa 

Duzosulpliaiiilic  Sodium 
acid  Phenate 

Sulpliobenzcnenzoplicrol  (sodium  salt) 
In  practice  the  diazo-  salt  is  not  isolated  in 
the  first  place,  but  is  always  employed  in  a  state 
of  aqueous  solution,  the  amine  to  be  diazotised 
being  first  dissolved  in  dilute  acid  and  then 
mixed  with  the  calculated  quantity  of  sodium 
nitrite  dissolvjd  in  water  ' : 

C,H,.NH2  +  NaNO,  +  2HC1 

Ani'iiie 

=  C,H,.N,.C1  +  NaCl  +  2H,0. 
Diazobei.ZL'iie- 
ch  oride 

As  diazo-  salts  are  unstable  in  presence  of 
warm  water  the  solutions  are  always  well  cooled 
during  the  process  of  diazotising,  the  cooling 
being  effected  in  large  operations  by  floating 
lumps  of  ice  in  the  solution.  When  the  whole 
of  the  nitrite  has  been  added  and  the  diazotising 
operation  is  complete,  tlie  solution  of  the  diazo- 
salt  is  run  into  the  solution  (also  cooled)  con- 
taining the  calculated  quantity  of  phenol  or  sul- 
phnnic  acid,  Ac,  dissolved  in  alkali,  the  amount 
of  the  latter  being  so  adjusted  as  to  Iveep  the 
mixed  solutions  slightly  alkaline  at  the  end  of 
the  reaction.  In  most  cases  the  colouring- 
matter  separates  out  at  once,  or  after  standing 
for  some  liours ;  in  other  cases  the  complete 
precipitation  of  the  azo-  compound  is  promoted 
by  the  addition  of  common  salt,  and,  in  some 
few  instances,  the  solution  requires  acidifying 
in  order  to  precipitate  the  colour.  The  rate  at 
which  an  amine  becomes  diazotised  depends 
upon  the  state  of  dilution  of  the  solution  as  well 
as  the  nature  of  the  amine.  It  may  be  taken  as 
a  general  rule  that  the  simple  amines,  such  as 
aniline  and  its  homologues,  tlie  naphthylamines, 
Ac,  diazotise  more  rapidly  than  the  more  com- 
plex amido-  derivatives,  such  as  amidoazo- 
lieuzene  and  its  homologues.  Benzidine  and  its 
liomologues  form  totrazo-  salts  when  acted  upon 
by  nitrous  acid  : 

c"h' Nh!  ^  2NaN0,  +  41101 

Benzidine 

=  CH::K  +  2NaCl  +  4H,0. 

TLtl■azo-aiplien.^^- 
di  di'oride 

These  tetrazo-  salts  also  combine  with  two 
molecules  of  a  phenol,  amine  or  sulphonic  acid, 
and  it  has  been  observed  that  the  combination 
takes  place  in  two  stages,  intermediate  products 
containing  one  free  diazo-  group  being  first 
formed  (Langj,  B.  188(5,  p.  1G97).  The  prac- 
tical application  of  tliis  discavery  will  be  seen 
on  referring  to  the  mixed  secondary  azo-  com- 
pounds of  this  class,  which  are  described  in  the 
detailed  list  of  azo-  colouring  matters. - 

General  properties. — The  tinctorial  value  of 
the  azo-  colours  depends  upon  the  presence  of 

'  Some  of  the  diazosu' phonic  .acids,  such  as  diMzon.aph- 
thionic  acid,  are  iiisolub  e  in  water,  and  are  therefore  em- 
ji'o.ved  in  a  state  o£  sin|  ension. 

'  AccordLn?  to  a  recent  patent  oxyazo-  csmpounds  can 
l)c  produced  by  lieating  diazoamido-  compouuds  witli 
phenols  accoi-fliiifr  to  tlje  general  reaction  : 

X.N,.NH.X  +  Y.OH  =  X.N..,(Y-H).OH-i-X.NH,  (Fischer 
and  Micliaelis,  Germ.  pat.  -(0,890,  Nov.  11,  188G  :  B.  188?". 
iii.  p.  ?54). 


acid  or  basic  radicles  in  the  throe  parent  com- 
pounds : 

C,H-,.N,,.C,,H3      C„H.,.K,.C,„H,  C,„H;.N,.C,„H, 

Azobeuzene  Benzeneazo-  Azonaphtha'eiie 

naphthalene 

These  compounds  are  insoluble  in  water  and 
devoid  of  dyeing  properties.  The  basic  deriva- 
tives of  azobenzene  previously  mentioned  are 
soluble  in  dilute  acids  and  show  a  regular  grada- 
tion of  tint,  amidoazobenzene  being  yellow, 
diamidoazobenzene  <n'ange,  and  triamidoazo- 
benzene  reddish  brown.  These  amidated  azo- 
benzenes  are  all  dye-stuils  having  considerable 
affinity  for  animal  fibre,  such  as  silk  or  wool. 
The  hydroxy-  derivatives  of  the  parent  com- 
pounds are  generally  soluble  in  alkalis  and  are 
strong  colouring  matters,  but  are  not  readily  ap- 
plicable in  this  form.  The  tinctorial  value  of  both 
amidated  and  hydroxy-  derivatives  is  increased 
when  these  are  converted  into  sulphonic  acids 
by  the  presence  of  one  or  more  HSO.,  groups  in 
one  or  both  radicles.  The  sulphonation  may 
be  effected  by  first  forming  the  azo-  compound 
and  then  heating  the  latter  with  sulphuric  acid 
of  appropriate  strength,  or,  preferably,  the 
amidosulphonic  acid  is  diazotised  and  then 
combined  with  the  phenol,  amine  or  sulphonic 
acid  in  accordance  with  the  general  method  of 
manufacture  already  described.  The  alkaline 
salts  of  such  sulphonic  acids  are  all  soluble  in 
water  and  are  decomposed  by  stronger  acids 
with  the  liberation  of  the  sulphonic  acid,  which 
then  combines  readily  with  the  fibre  presented 
to  it.  A  regular  gradation  of  shade  is  shown  by 
homologous  series,  thus  : 

C, H,.N,.C,„H,.HO;8.(HS03)., . . .  Benzeneazo-;8- 
naphtholdisulphonic  acid.  Orange. 

C  H..N,.C,„Hj.H0;S(HS03),  .  .  .  Tolueneazo-j3- 
naphtholdisulphonic  acid.    Keddish  orange. 

C,H,.N,.C|„H,.HO/3(HS03).,  Xyleueazo-/3- 

naphthoklisulphonic  acid.  Scarlet. 

a,H„.N,.C,„H,.H0j3(HS0,),, ....  Cumeneazo-)3- 
naphtholdisulplionic  acid.    Bluish  scarlet. 

The  shade  of  colour  is  influenced  also  by 
isomerism.  Thus  the  unsymuictrical  diamido- 
azobenzene C„H,.N2.C^H3(NH2)._,  is  much  redder 
than  the  symmetrical  mod  fication 
NH,.C,H,.N2.C  H,.NH,. 
The  various  isomeric  naphtholsulphonic  acids 
also  give  different  shades  of  colour,  and  as  a  rule 
the  azo-  colours  derived  from  a-naphtholsul- 
phonic  acids  are  bluer  and  more  soluble  than 
those  obtained  from  the  (8-naplitholsuIphonic 
acids.  The  tinctorial  power  of  the  azo-  colours 
appears  to  increase  up  to  a  certain  limit  with  the 
complexity  of  the  molecule,  the  secondary  azo- 
colours  derived  from  amidoazobenzene  being 
more  intense  colouring  matters  than  the  simpler 
compounds  containing  only  one  N._,  group.  The 
azo-  colours,  both  acid  and  basic,  all  dye  silk  and 
wool  readily,  but  cannot  be  made  to  take  easily 
upon  cotton  without  the  use  of  mordants.  Some 
affinity  for  vegetable  fibre  is  shown,  however,  by 
the  secondary  azo-  colours  of  the  Biebrich  scarlet 
type  (croceins)  and  more  especially  by  the 
secondary  azo-  compounds  derived  from  benz- 
idine and  its  homologues,  these  colouring  mat- 
ters having  a  distinct  affinity  for  cotton,  which 
makes  them  of  special  value,  since  they  can  be 
dyed  directly  on  to  cotton  from  a  soap  bath 
without  the  use  of  a  mordant.   The  mode  of  f.p' 
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plication  of  these  dyes  to  the  various  classes  of 
fabrics  belongs  to  the  subject  of  dyeing. 

The  azo-  colours  dissolve  with  characteristic 
colours  in  strong  sulphuric  acid,  so  that  this  re- 
agent can  be  used  as  a  rough  test  for  these  com- 
pounds. Thus  the  simpler  primary  compounds 
containing  only  benzene  nuclei  dissolve  as  a  rule 
with  an  orange  or  red  colour ;  secondary  azo- 
compounds  containing  HSO.,  groups  in  the 
benzene  nucleus  only,  dissolve  with  a  green 
colour  (Biebrich  scarlet, 

HS0,.C,H,.N,.C,H,(HS0,).N,.C,„H„.0H)3); 
when  the  HSO.,  group  is  in  the  naphthalene 
nucleus  the  colour  given  by  strong  sulphuric 
acid  is  violet : — Ponceau  8S, 

C,H,.N,.C„H^.N,.C,„H;(HS0,),.0n;8, 
and  when  HSO.,  is  present  in  both  benzene  and 
naphthalene  nuclei  they  dissolve  with  a  blue 
colour  (crocein  scarlets, 

HSO,,.C,H,.N,,.C„H,.N,.C,„H,.HS0,a.II0;3). 
It  must  bo  understood,  however,  that  the  colour 
given  by  sulphuric  acid  is  only  of  use  in  a  rough 
preliminary  examination,  as  the  rules  given 
above  are  interfered  with  by  the  circumstance 
that  several  of  the  primary  azo-  colours  also 
dissolve  with  a  violet  or  blue  colour,  e.g.  Bor- 
deaux G,  fast  red,  &c. 

By  the  action  of  reducing  agents,  such  as  tin 
and  hydrochloric  acid,  the  azo-  colours  are  re- 
duced, and  always  in  such  a  manner  that  the 
nitrogen  atoms  of  the  N„-groups  become  severed 
and  hydrogenised.  This  is  shown  by  the  follow- 
ing examples : — 

C,H-,.N,.C,H,.NH,-h2Hj 

Aninlo-;izoben/etie 

=  C,H,.NH2  +  C„H,(NH,)., 

Aniline         I'aritphenv  cne-diamino. 

C,H,.N,,.C,.H.,(NH,),,  +  2H, 

Diamiilo-azolX'ii/.inc 

=  C,H,.NH2  +  C,H,(NH,)3 

Aniline  Trimnidobenzene, 

HSO,.C„H,.N2.C,„H,OH()3)  +  2IL, 

Su'pliobpiizcne;izo-;8-iiiiiilit,liol 

=  HSO.,.C,H,.NH2-<-C,„H„.NH2(a)HO{^) 

Sulpiianilio  acid  a-Airiido-3-iia|ilithu;. 
nSO,.CeH^.N,.n„H,.N,.C,„H5.HSO/aJ.OH(/3)-t-lir,= 
Croocin  scai-  et 
IISO ,.aF^.NH^-l- Ccn,(  N H,), -f  C.^H^.NH^.HSO/o 0  ^ ) 
Sullihaiiilic        ParaplK'nyl-  i\mi(io-^naiihtho:-a- 
aeicl  enu  iliumine         siilphouic  acid. 

C,.H,.N.,.C,„H^.NH,,(a).HSO,(a) 
C„.Hj.N,.C,„H,.NH,(a).HS03(a) 
(Ji>ngo  red. 

=  CH'NH'+2C,oH,.NH,(a).NH,(0).HSO,(a) 

"■'-'^2       Uiamidouaplitlialeueouliihuiiic  acid. 
Benzidine. 

Identification  of  azo-  colours. — A  process  for 
identifying  the  azo-  colours  derived  from  the 
sulpho-acids  of  the  naphthols  and  naphthyl- 
amines  has  been  described  by  0.  N.  Witt 
(B.  1888,  p.  34(58).  The  method  is  based  on  the 
complete  reduction  of  the  colouring  matter  in 
accordance  with  the  above  principle.  One  gram 
of  the  substance  is  dissolved  in  10-20  parts  of 
hot  water  according  to  its  solubility  and  to  the 
solution  are  added  (i  c.c.  of  a  solution  contain- 
ing 2  grams  of  stannous  chloride  (crystals)  in 
pure  hydrochloric  acid  of  1-19  sp.gr.  (40  grams 
tin  salt  in  100  c.c.  acid).  When  the  reduction  is 
complete  the  resulting  aniido-naphthol  or  di- 
amidonaphthalenc  sulphonic  acid  can  be  identi- 
fied by  its  properties.  For  tlie  detection  of  azo- 
colours  in  the  libre  see  a  paper  by  Lepetit  (Zcit. 


f.  angew.  Chem.,  Aug.  1888,  Journ.  Sec.  Dyers 
and  Colourists,  vol.  4.  p.  V60). 

Soluble  compoiinds  furvicd  by  Asn-  Colnnrswiih 
acid  sulphites. — Oxyazo-  comi^ounds  which  are 
insoluble  in  water  have  the  property  of  forming 
easily  decomposable,  soluble,  crystalline  com- 
pounds when  heated  for  sorne  time  in  alcoholic 
or  aqueous  solution  with  potassium  or  sodium 
bisulphite.  The  compounds  thus  formed  are 
yellowish  in  colour,  soluble  in  water,  and  de- 
composed by  steaming  or  by  alkali,  so  that  the 
colouring  matter  can  by  this  means  be  de- 
posited in  the  fibre.  These  water-soluble  com- 
pounds have  the  general  formula  (Spiegel,  Ber. 
1885,  p.  1479)  : 

X— N-N-Y 
I  I 

H  NaSO.j 

The  following  compounds  of  this  class  have 
been  sent  into  commerce  : — • 

Azarine  (Meister,  Lucius,  and  Briining).- -Li- 
amidodioxybcnzosulphone,  SO.^(C„H,.HU.NH.J.^, 
is  diazotised  and  the  tetrazo-  salt  combined  with 
;8-naphthol  in  the  usual  way.  The  azo-  colour, 
which  is  insoluble  in  water,  is  then  converted 
into  the  bisulphite  compound  : 

„^  H,,.H0.N...C„,H,.0H/3 
*  -'\C„H,.HO.N,.C,„H,.01ij8 

Sfcotuhiry  uzo- cum  pound, 
r-n        H,.HO.^'H.N(NaSO.,).C,„H  .011/3 
*^  -\C„H,.HO.NH.N(NaS03).C,„H,.Oii/3 

Azarine. 

ITarceine  (Durand  and  Huguenin).  Tlic  bi- 
sulphite compound  of  sulphobenzencazij-/3- 
naphthol  having  the  formula  : 

HHO,.NH.N(NaSOJ.C,„H„.OH0. 

The  property  of  forming  soluble  compounds 
with  bisulphites  was  first  discovered  by  Prud'- 
homme.  The  following  patents  refer  to  the 
technical  application  of  this  discovery: — Farb- 
werke  vorm.  IMeister,  Lucius  and  Briining,  Germ, 
pat.  29,007,  December  IG,  1883  (B.  1884,  p.  452); 
Eng.  pat.  5,707,  December  17,  1883  ;  Farbenfah- 
riken  vorm.  F.  Bayer  &  Co.,  Germ.  pat.  30,0<S0, 
April  19,  1SS4  (B.  1885,  p.  11);  Eng.  pat. 
22()(;,  Feb.  17,  1885 ;  Farb.  vorm.  Meister, 
Lucius  und  Briining,  Germ.  pat.  30,598,  June  1, 
1884  (B.  1885,  p.  89)  ;  Dreyfus,  Eng.  pat.  9,280, 
June  20,  1888,  S.  C.  I.  1889,  p.  117.  This  last 
patent  relates  to  the  formation  of  a  bi-sulphite 
compound  from  Primuline. 

Separation  of  Azo-  Colours  by  fractional  pre- 
cipitation.—  The  isomeric  naphtholsulphonic 
acids,  which  are  so  largely  used  in  the  manufac- 
ture of  azo-  colours,  not  only  form  compounds  of 
different  shades  of  colour  with  the  same  diazo- 
salt,  as  has  already  been  stated  above,  but  tliey 
differ  also  in  the  facility  with  which  they  enter 
into  combination  with  such  diazo-  salts.  Advan- 
tage is  taken  of  th'is  property  to  effect  the  sepa- 
ration of  the  different  isomerides  without  pre- 
viously separating  the  isomeric  naphtholsulpho- 
nic acids.  As  an  example  of  this  method  may 
be  mentioned  the  use  of  diazotised  benzidine 
(tetrazodiphenyl  chloride).  Thus  when  ;8-naph- 
thol  is  sulphonated  at  50-G0''C.,  a  mixture  of 
three  monosulphonic  acids  is  produced  of  which 
only  one  (B-naphthol-a-suljihonic  acid)  is  of  use 
for  the  manufacture  of  Crocein  [Scarlet.  The 
other  two  modifications, of  which  one  is  Schiiffer's 
acid,  arc  therefore  removed  by  adding  the  neccs- 
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snry  quantity  of  diazotiscd  benzidine  to  the  alka- 
line solution  of  the  mixed  acids,  when  Schiirt'er's 
acid  and  the  other  modification  are  first  pre- 
cijiitated  as  clarot-red  secondary  azo-  colours,  and 
the  a-acid  is  left  in  solution  in  a  state  of  purity. 
The  latter  can  then  be  used  for  the  preparation  of 
crocein  scarlet  (Farbenfab.  vorm.  F.  Bayer  it  Co., 
Oerm.  pat.  30,007,  March  1, 1884  ;  B.  188.5,  p.  89; 
Eng.  pat.  8,495,  May  31,  1834,  S.  C.  I.  1885,  p. 
45'2). 

Direct  formation  of  Azo-  Colours  intJic  fibre. 
Owing  to  the  facility  with  which  diazo-  salts 
react  with  phenols  in  alkaUne  solution,  it  has 
hcen  found  possible  to  produce  azo-  colours  di- 
rectly in  the  fibre  of  the  goods  which  have  to  be 
dyed  by  immersing  alternately  or  simultaneously 
in  a  solution  of  naphthol  and  the  diazo-  salt, 
and  then  developing  by  alkali.  This  process  is 
especially  applicable  to  cotton-dyeing  (T.  and  E. 
Holliday,  Eng.  pat.  2  757,  July  G,  1880).  A  similar 
result  is  arrived  at  by  using  the  nitrite  which  is 
necessary  for  diazotlsing  in  the  form  of  an  am- 
monium salt,  so  that  on  heating  the  impregnated 
fabric  tliis  salt  is  decomposed  in  the  presence  of 
tlie  phenol  and  amine,  and  thus  gives  rise  to  the 
formation  of  the  azo-  colour  (F.  Griissler,  Germ, 
pat.  14,950,  November  28,  1880;  Ber.  1881, 
p.  2079).  Azo-  compounds  of  rosaniline  can  be 
similarly  introduced  into  fabrics  by  first  immer- 
sing in  a  solution  of  diazotised  rosaniline.  and 
then  into  an  alkaline  solution  of  6-naphthol 
(Dawson,  Eng.  pat.  1,280,  March  IG,  18S2).  A 
colouring  matter  has  recently  been  introduced 
by  Brooke,  Simpson,  and  Spiller,  Limited,  under 
the  name  of  '  Primuline,'  which  can  be  diazotised 
in  the  fabric  and  then  the  latter,  on  immersion 
in  a  bath  containing  the  phenol  (naphthol  or  res- 
orcinol)  dissolved  in  alkali,  develops  the  colour 
in  the  fibre.  The  same  principles  are  applied 
ill  processes  described  in  the  following  patents :  — 

C.  Holliday,  Eng.  pat.  2,941),  June  21,  1882  ; 
T.  Holliday,  Eng.  pat.  2,580,  February  25,  1885, 
and  13,790,  November  12,  1885.  Farbenfab. 
vorm.  F.  Bayer  &  Co.,  Germ.  pat.  43,433,  August 
•30,  1887  ;  B.  1888,  p.  557. 

In  the  succeeding  portion  of  this  article  it  is 
proposed  to  give  an  account  of  the  most  impor- 
tant azo-  colours  which  have  been  introduced 
into  commerce.  Each  colour  will  be  treated  of 
under  its  commercial  name  ;  its  chemical  for- 
mula given,  and  the  mode  of  preparation  and 
general  properties  briefly  described. 

I.  Basic  Azo-  Compounds. 
Aniline  Yellow;  Amidoazoben.-.one, 
C„H,.N.,.C  Hj.NH,. 

This  compound,  discovered  by  M&ie  in  18G1 
(J.  18G1,  p.  41G),  and  introduced  into  com- 
iiieroe  by  Simpson,  Maule,  and  Nicholson  in 
1853,  is  interesting  as  being  the  first  azo-  colour 
made  on  a  manufacturing  scale.  It  was  formerly 
prepared  by  passing  nitrous  acid  gas  into  an 
alcoholic  solution  of  aniline.  As  a  colouring 
matter  it  is  now  of  no  importance,  but  is  largely 
used  as  the  starting  point  in  the  manufacture  of 
other  azo-  colours  and  of  indulines.  In  practice 
tbis  compound  cannot  be  prepared  directly  by 
the  action  of  one  molecule  of  nitrous  acid  upon 
two  molecules  of  aniline,  since  diazoamidobenz- 
"ene  is  always  the  first  product  of  this  reaction  :  — 


2C  H  .NH,.HCU  NaNO. 

-  C^H,.N,.NH'.cX  +  NaCl  +  HCi  +  2H  ,0. 
The  diazo-  compound  is  slowly  converted  into 
the  isomeric  aniline  yellow  on  being  allowed  to 
stand  for  some  time  in  contact  with  aniline 
and  an  aniline  salt  :  — 

C  H,.N,.NH.C,H3  =  C„H5.N,.C„H,.NH,. 
On  a  large  scale  the  diazoamidobenzene  is  first 
prepared  and  then  dissolved  in  excess  of  aniline 
and  a  little  aniline  hydrochloride  (2  parts  diazo- 
compound,  1  part  aniline  salt,  and  4  parts 
aniline) ;  the  mixture,  after  standing  for  a  day 
or  two  at  about  30°-40^C.  contains  nothing  but 
aniidoazobenzene,  and  the  excess  of  aniline  is  re- 
moved by  basifying  with  caustic  soda  and  steam 
distilling.  By  carefully  adjusting  the  propor- 
tions, and  keeping  the  mixture  well  cooled  during 
the  addition  of  the  nitrite,  the  diazo-  compound 
can  be  formed  directly  in  the  presence  of  the 
excess  of  aniline,  and  need  not  be  isolated  at 
first.  The  old  aniline  yellow  was  the  oxalate  of 
the  base.  The  free  base  crystallises  in  yellow 
I  rhombic  prisms.  M.  p.  120'-\  B.  p.  above  3C0-'. 
The  hydrochloride  crj'stallises  in  steel-blue 
needles.  Base  slightly  soluble  in  hot  water, 
readily  soluble  in  alcohol.  Yellow  solution 
coloured  red  by  hydrochloric  acid. 

Literature.  — Millie,  18G1  (see  above);  Dale 
and  Caro,  Eng.  pat.  No.  3,307,  1863 ;  Martins 
und  Griess,  18iiG,  Z.  2,  132;  Kekule,  18GG,  ibid., 
2,  fi89  ;  Griissler,  D.  P.  J.  232,  192 ;  Witt  and 
Thomas,  C.  J.  1883,  p.  112  ;  Friswell  and  Green, 
C.  J.  1885,  p.  917;  and  188G,  p.  74G  ;  Stiulel 
and  Bauer,  B.  188G,  p.  1953. 

Butter  Yellow ;  Dimethylamidoazobenzcne, 
C„H^.N,.C„H^.N(CH,),. 
Prepared  by  the  action  of  diazobenzene  chloride 
on  dimethylaniline.  Substance  forms  yellow 
leaflets  of  m.  p.  115°  ;  soluble  in  dilute  hydro- 
chloric acid  with  a  red  colour ;  precipitated  by 
alkali.  Soluble  in  strong  sulphuric  acid  with  a 
yellow  colour  becoming  red  on  dilution. 

Literature. — Griess,  B.  1877,  p.  528. 

Chrysoidine ;  Diamidoazobenzene, 
CH.N.,.C  H,.NH  .NH,. 

[1]  [2]  [-i] 

This  colouring  matter  is  prepared  by  mixing 
a  solution  of  diazobenzene '  cliloride  with  a 
solution  of  metaphenylene-diamine.  In  prac- 
tice a  known  weight  of  aniline  is  dissolved 
in  dilute  hydrochloric  acid  and  diazotised,  the 
solution  being  diluted  so  as  to  contain  1  per 
cent,  of  diazo-  salt.  The  necessary  amount  of 
the  diamine  is  obtained  by  reducing  the  corre- 
sponding quantity  of  metadinitrobenzene '  so  as 
to  obtain  a  10  per  cent,  solution  of  the  diamine. 
The  colour  when  formed  is  separated  by  means 
of  common  salt  or  else  directly  crystallised  as 
hydrochloride.  The  free  base  forms  yellow 
needles;  m.p.  117-5°C.  Slightly  soluble  in 
water,  readily  in  alcohol ;  solutions  orange. 
The  commercial  product  is  the  hydrochloride, 
C,-H|.N|,HC1,  which  forms  beautiful  blackish- 
green  prisms  with  a  metallic  lustre.  The  strong 
solution  of  tlie  salt  solidifies  on  rapid  cooling  to 
a  red  jelly.  Dissolves  in  strong  sulphuric  acid 
with  a  brownish-yellow  colour.    Used  in  combi- 

'  In  some  factories  it  is  ciistoinnry  to  use  impure  dini- 
trobenzene,  i.e.  containing  a  certain  amount  of  dinitro- 
toluene,  so  that  the  product  contains  some  toluylene  chry- 
soidine formed  from  the  mctatoluyleue-diamine. 
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nation  with  saffranine  to  produce  a  scarlet  on 
mordanted  cotton. 

LitL'ratHre.—Iloima.nn,'B.  1877,p.  213;  Witt, 
ibid.,  pp.  y'lO  and  G54  ;  Griess,  ibid.,  p. 

Azophosphines  ;  Nitroclirysoidines.  ~  Tiiese 
colours  are  prepared  by  the  action  of  diazotised 
metanitraniline  and  its  homologues  upon  nieta- 
phenylone-diamine  and  its  homologues.  Thus 
the  simp'est  compound  of  this  class  would  have 
the  formula:— NO,.C,H,.N„.C„H,.NH,.NH,. 

[31'  [1]  [2]  [-1] 

Tjitcniturc. — A.  Leonhardt&  Co.,  Germ.  pat. 
31,i)-n,  B.  1H8G,  vol.  iii.,  p.  803,  S.  C.  I.  1886, 
p.  r)'i3. 

Bismarck  Brown;  Pheaylene  Brown;  Man- 
chester Brown;  Vesuvine.— Triamidoazobenz- 
ene,  Nil  ,.C  n,.N,.C  H^.NIL.NH,.    Prepared  by 

V-i]'   "     [1]  L-4  [4]" 

the  action  of  nitrous  acid  upon  metaphenyl- 
ene-dianiine,  the  reaction  occurring  in  two 
stages  : — 

C  H,(NH,).,  +  HN0.,  +  HC1  = 
NH,.C,n,.N.,.Cl  -i-2H  0 
NH,.C  H,.N.,.C1h-C  H,  (NH,),= 
NH",.C„H,.N,.C,R,  (NHJ,  +  HCl. 
These  two  reactions  occur  simultaneously  in 
practice,  the  colour  being  made  on  a  large  scale 
lay  reducing  a  known  weight  of  dinitrobenzene 
with  luiely  divided  iron  and  a  little  hydrochloric 
acid  and  then  boiling  with  water  and  milk  of 
lime.  The  iron  salts  are  decomposed  by  tliis 
treatment,  and  the  clear  solution  on  titration 
or  on  being  allowed  to  subsiiie  contains  the 
metaphenylene-diamine.  The  necessary  quantity 
of  sodium  nitrite  and  dilute  hydrochloric  acid 
are  added  to  the  cold  solution,  and  the  colour, 
which  forms  immediately,  salted  out  and  col- 
lected on  filters.  The  commercial  product  con- 
sists of  the  hydrochloride,  C,.^H,.|N..'2HC1,  more 
or  less  mixed  with  salt,  and  containing  a  certain 
quantity  of  insoluble  matter  which  is  formed  as 
a  secondary  product  during  the  reaction.  The 
insoluble  residue  is  a  resinous  substance,  pos- 
sibly containing  the  secondary  azo-  compound 

CJI,<^^-"^"^'|^y-|^     The  free   base  forms 

yellowish-brown  leaflets ;  m.p.  137°;  sparingly 
soluble  in  water,  more  readily  in  alcohol.  So- 
lutions of  salts  yellowish-brown,  becoming  redder 
on  addition  of  hydrochloric  acid  ;  precipitated 
by  alkalis.  Solid  colour  dissolves  in  strong  sul- 
phuric acid  with  a  dark-brown  colour,  becoming 
orange  on  dilution  with  water. 

Literature. — Caro  and  Griess,  1807  ;  Z.  N.  F. 
3,  p.  278. 

II.  Aciii  Azo-  CiorrouNDS. 
A.  Sulphonic  Acids  of  Amidoazo-  Compounds. 

Acid  Yellow ;  Fast  Yellow  ;  sometimes  with 
the  brand  G  ((jclli)  to  distinguish  it  from  its 
hoinologue.  Tliis  colouring  matter  is  a  mixture 
of  the  sodium  salts  of  mono-  and  disulphonic 
acids  of  amidoazobenzene, 

HSO,.C  H,.N.,.C  H^.NH.,  and 
HSO,.C,H,.N.,.C„H,-HSO,.NH,. 
Prepared  by  the  action  of  fuming  sulphuric  acid 
upon  aniline  yellow  (3  5  parts  acid  to  one  of 
amidoazobenzene).  Solution  not  precipitated 
by  alkali;  colour  dissolves  in  strong  sulphuric 
acid  with  a  brownish  yellow  colour  becoming 
redder  on  dilution.    Solution  gives  a  precipitate 


I  with  barium  cliloride,  but  not  .with  calcium 
[  chloride.     The  corresponding  colouring  matter 
from  amidoazotoluene  is  somewhat  more  orange 
in  shade,  and  is  known  as  Acid  Yellow  B  or 
Fast  Yellow  R. 

Literature.  —  Griissler,  Germ.  pat.  4,180, 
B.  1879,  p.  30G;  Germ.  pat.  7,094,  B.  1879,  p. 
2107;  and  Germ.  pat.  9,:;S4,  B.  1880,  p.  942; 
Nietzki,  B.  1880,  p.  1838;  Griess,  B.  1882,  p. 
2188  ;  Eger,  B.  1889,  p.  847. 

Methyl  Orange;  Helianthin;  Orange  III.; 
Gold  Orange;  Mandarin  Orange.— Parasulpho- 
benzene-azodimethylaniline, 

HSO^.G  H,.N.,.C  H,.N(CH  ),. 

[4]  ^  [IJ    "  [4] 

Prepared  by  the  action  of  diazotised  sulphanilic 
acid'  upon  dimetliylaniline,  the  commercial 
proiluct  being  the  anmionium  or  sodium  salt  of 
the  sulphonic  acid  thus  produced.  Solution  of 
colouring  matter  orange  and  not  precipitated  by 
alkali ;  dilute  acids  produce  a  crystalline  pre- 
cipitate, the  crystals  having  a  violet  reflexion 
(the  free  sulphonic  acid).  The  substance  dis- 
solves in  strong  sulphuric  acid  with  a  yellow 
colour  becoming  red  on  dilution. 

Literature. —dnvf^K,  B.  l:-:77,  p.  528. 
Trojjje  line  00 ;  OrangB  IJo.  IV. ;  Diphenyl- 
amine  Yellow;  Gold  Orange  ;  Acid  Yellow  D,  or 
Fast  Yellow. — Parasulphobenzenc-azodiphenyl- 
amine,  USO,.C  H^.N.,.C  H  .NH.C  H  .  Produced 

[4]       [_i  '    — ■ 
[1] 

by  the  action  of  diazotised  sulphanilic  acid  upon 
diphenylamine ;  the  market  product  is  the 
potassium  or  sodium  salt.  The  diphenylamine 
is  reduced  to  powder  and  suspended  in  the 
solution  containing  the  diazosulphonic  acid,  the 
whole  being  kept  agitated  for  some  hours  till 
the  reaction  is  complete.  The  colouring  matter 
is  not  very  readily  soluble  in  water  ;  the  solution 
is  yellow  and  when  strong  deposits  crystals  on 
cooling.  Alkalis  produce  no  precipitate,  calcium 
or  barium  chloride  gives  an  insoluble  precipitate 
(Ba  or  Ca  salt).  Substance  dissolves  in  strong 
sulphuric  acid  with  a  violet  colour,  leconiing 
redder  and  giving  a  greyish  prccijutate  of  the 
free  sulphonic  acid  on  dilution.  Tiie  aqueous 
solution  of  the  substance  is  coloured  red  by 
dilute  acids. 

When  nitrated  this  colour  furnishes  a  mono- 
nitvo-  derivative  together  with  a  mixture  of 
mono-,  di-,  and  tri-  nitrodiphenylaniine  ;  the  re- 
sultingproduct  is  a  yellow  colouring  matter  which 
lias  been  introduced  into  commerce  under  the 
names  of  Citronine  B  or  2B,  Azo  Yellow,  Azo- 
flavine  S  or  2,  Jaune  Indien,  Indian  Yellow, 
New  Yellow,  &c.  It  is  not  to  be  confounded 
with  the  '  Citronine  '  of  Brtpoke,  Simpson,  and 
Bpiller  (Meldola,  C.  N.  1878,  vol.  37,  p.  50; 
Witt,  C.  J.  1878,  p.  210). 

A  colouring  matter  homologous  with  the 
preceding  and  prepared  by  the  action  of  diazo- 
tised xylidinemonosulphonic  acid  on  diphenyl- 
amine was  formerly  in  the  market  under  the 
name  of  Luteolin. 

Literature. — lioussin  and  Poirrier,  Eng.  pat. 
4,491,  Nov.  0,  1878,  Witt,  B.  1879,  p.  202. 

^  Vnr  dctiiileil  iiiroriii;ition  on  tlio  m;imif;ictnro  of  snl- 
pliiiiiilio  aril]  Hiiil  it-<  lioiuolofiii'js  see  .'i  jKiper  by  MiiUl- 
li  ai  c  r,  U.  P.  J.  Vol.  2C4,  pp.  ISLand  llSii. 
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Metanil  YeUow;  Orange  MN. — Mctasulpho- 
benzene-azodiplienylamine, 

HSO3.C  H,.N.,.C  H,.NH.C  H,. 

[3J       "  [I]   

[4] 

Prepared  in  the  same  manner  as  the  preceding 
from  metadiazobenzenesulphonic  acid '  and 
diphenylamine ;  market  product  the  sodium 
salt.  Aqueous  solution  orange,  giving  no  pre- 
cipitate with  alkalis,  becoming  red  and  pre- 
cipitating with  dilute  acids,  and  giving  a  diffi- 
cultly soluble  precipitate  with  barium  or  calcium 
chloride.  Dissolves  in'  strong  sulphuric  acid 
with  a  dull  violet  colour,  becoming  magenta  red 
on  dilution. 

[ntroduced  by  the  firm  of  K.  Oehler,  Offen- 
bach on  the  Maine,  Germany,  1882. 

Metaail  Yellow  S  is  produced  by  sulpho- 
nating  the  preceding  colouring  matter. 

Metanil  Orange  I.  and  II.  are  prepared  by 
tlio  action  of  diazotised  meta-amidobenzenesul- 
phonic  acid  on  a  and  i8-nax5hthol  respectively 
(Griess,  B.  1878,  p.  2197). 

Orange  N;  Jaune  N;  Curoumein. — Sulpho- 
toluene-azo-diphenylaraine, 

HS03.C-H,.N,.C,H,.NH.C„H^. 

[1]  

[4] 

This  colouring  matter  is  homologous  with  the 
two  preceding  which  it  resembles  in  its  general 
properties. 

Literatim. — Koussin  and  Poirrier,  Eng.  pat. 
4,491,  Nov.  6,  1878. 

Brilliant  Yellow  (Bad.  An.  u.  Sod.  Fab.)  ; 
Acid  Yellow  00.  Similar  to  the  preceding ; 
prepared  from  the  sulphonic  acid  of  commer- 
cial mixed  (ortho-  and  para-)  toluidines. 

Naphthionic  Red ;  Archil  Substitute. — Nitro- 
benzene-azo-a-naphthylamine-a- sulphonic  acid, 
NO,.C-H,.N.,.C,„H  .NH,,.HS03.  Prepared  by  the 

[2  &  4]   °       [1]  "  [a]        [a]  ,  . 

action  of  diazotised  nitraniline  upon  naphthionic 
acid  ^  in  alkaline  solution.  The  nitraniline  is 
prepared  by  the  nitration  of  acetanilide  and 
subsequent  hydrolysis  so  that  it  consists  of  a 
mixture  of  ortho-  and  para-  nitraniline.  Com- 
mercial product  a  paste ;  solution  precipitated 
by  acids  and  alkalis.  Strong  sulphuric  acid 
dissolves  colour  with  a  magenta  red  becoming 
brownish  and  precipitating  on  dilution. 

Literature. — Koussin  and  Poirrier,  S.  C.  I., 
1879,  p.  292. 

B.  Carboxylic  Acids  of  Amidoazo-  Compounds. 

Jaune  Solide;  Fast  Yellow  (for  soap).— Carb- 
oxybenzene-azodiphcnylamine, 

COOH.C  H,.N  =  N.C  H,.N.HC  H, 

[3]       "     [1]    [1]  .  ■ 

Prepared  by  the  action  of  metadiazobenzoic  acid 
upon  diphenylamine.  Used  as  a  yellow  colour- 
ing matter  fast  to  soap.  A  brown  paste,  diffi- 
cultly soluble  in  water.  Solution  becomes  red- 
dish-violet with  acids.  Dissolves  with  a  violet 
colour  in  strong  sulphuric  acid  becoming  red  on 
dilution. 

'  Meta-.amidobenzenesul  phonic  .acid  is  prepsired  by 
fii'phonating  nitrobenzene  and  reducing  tlie  nietnnitro- 
benzenesulplionieacid  thu-i  formed. 

'  Naphthionic  aeid  is  nianutactured  on  a  large  scale  by 
heating  a-naphthylamine  with  3  -4  parts  of  strong  sul  ilmrio 
.acid  (oil  of  vitriol)  or  by  heating  dry  n.aphthvlaraino  sul- 
phate to  180°-200°C. 


Literature. — Soc.  Anon.  d.  Mat.  Color.,  Eng. 
pat.  4621,  Sept.  1833  ;  S.  C.  I.  1831,  p.  319 

C.  Oxyazo-  Compounds. 

Soudan  Brown. — a-Oxyazonaphthalene, 
C,|,H..N.,.Cit,H  .OH.    Prepared  by  the  action  of 

'[af  [a] 

diazotised  a-naphthylamine  upon  a-naphthol  in 
alkaline  solution. 

Literature.  -Badische  Anilin-u.  Soda-Fabrik, 
Germ.  pat.  5,411,  B.  1879,  p.  1364. 

Souaan  G.— Metadioxyazobenzene, 
C  H..N„.C,H3.0H.0H. 

[4]  [3]  [1] 

Prepared  by  the  action  of  diazobenzene  chloride 
upon  resorcinol  in  alkaline  solution.  Solution 
of  colouring  matter  yellow,  giving  a  brown  pre- 
cipitate with  acids.  Dissolves  in  strong  sul- 
phuric acid  with  a  yellowish  brown  colour.  In- 
troduced into  commerce  by  the  '  Actiengesell- 
schaf t  f.  Aniliufabrikation.' 

Literature. — Baeyer  and  Jiiger,  B.  1875,  p. 
151 ;  Typke,  ibid.  1877,  p.  1576  ;  Wallach,  ibid. 
18S2,  p.  24. 

Benzene  and  Xylene-azo-)3-naphthol, 
C,H3.N,.C,„H,.0H(3)  and  C,H„.N,.C,„H,.OH(0), 
have   been   introduced   under   the   names  of 
Soudan  I.  and  II. 

Carminnaphtha ;  /3-naphthalene-azo-j8-naph- 
thol.  Prepared  by  the  action  of  diazotised  /3-napli- 
thylamine  on  /3-naphthol  in  alkaline  solution. 
Insoluble  in  water  :  soluble  in  strong  sulphuric 
acid  with  a  magenta-red  colour  giving  a  reddish- 
brown  precipitate  on  dilution.  Manufactured 
by  Durand  and  Huguenin,  Basle. 

D.  Sulphonic  Acids  of  Oxyazo-  Compounds. 

1.  MoNosnLPHONic  Acids. 
Tropspoline  Y. — Parasulphobenzene-azophe- 
nol,  HSO,.C  H,.N  ,.C  .H^.OH.    Prepared  by  the 

[4]  [1]  [4] 

action  of  diazotised  sulphanilic  acid  upon  phenol 
dissolved  in  alkaline  solution.  The  commercial 
product  was  the  acid  sodium  salt ;  the  colouring 
matter  is  no  longer  met  with  in  commerce, 
Solution  yellow,  not  precipitated  by  alkalis ; 
precipitated  by  barium  chloride.  Solution  in 
strong  sulphuric  acid  brownish-yellow. 

Literature. — Tschirvinsky,  B.  1873,  p.  560; 
Griess,  ibid.  1878,  p.  2192 ;  Witt,  ibid.  1879,  p. 
259,  and  C.  J.  1879,  p.  184. 

Tropaeoline  0  nr  R ;  Resorcin  Yellow ;  Chry- 
soin;  Chrysoline  ;  Chryseolin ;  Golden  Yellow. — 
Parasulphobenzene-azoresorcinol, 

HSO3.C  Hj.N  =  N.C,H,.OH.OH. 

[4]  [I]     [11  [2]  [4] 

Produced  by  the  action  of  diazotised  sulphanilic 
acid  upon  resorcinol  in  alkaline  solution,  the 
commercial  product  being  the  acid  sodium  skit. 
Solution  of  colouring  matter  orange ;  substance 
dissolves  in  strong  sulphuric  acid  with  a  yellow 
colour. 

Literature.— Giiess,  B.  1878,  p.  2195  ;  Witt, 
C.  J.  1879,  p.  183. 

Orange  I. ;  Tropaeoline  000,  No.  1 ;  a-Naph- 
thol  Orange.  —  Parasulphobenzene-azo-a-naph- 
thol,   HSO,.C,H,.N  =N.C,„H„.OH.    Formed  by 

[41  [1]     [a]  [a]  _ 

the  action  of  diazotised  sulphanilic  acid  upon 
a-naphthol  in  alkaline  solution.  The  com- 
mercial product  is  the  sodium  salt.  Solution 
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grange,  not  precipitated  by  alkali ;  the  red 
calcium  salt  precipitated  by  calcium  chloride. 
Dissolves  in  strong  sulphuric  acid  with  a  violet 
jolour,  becoming  orange  on  dilution.  No  longer 
net  with  in  commerce. 

Literature— Witt,  C.  J.  1879,  p.  184  ;  Lieber- 
mann,  B.  1881,  p.  1796,  and  A.  Ch.  1882,  p.  61 ; 
Miihlhiiuser,  D.  P.  J.  vol.  2G4,  p.  181.  Introduced 
n  1876  or  1877  by  Koussin  and  Poirrier,  of  St. 
Denis,  and  about  the  same  time  by  Williams, 
rhomas,  and  Dower  of  Brentford. 

Orange  II. ;  Tropaeoline  000,  No.  2  ;  Man- 
larin  G ;  /3-Naphthol  Orange.  —  Parasulpho- 
)enzene-azo-/3-naphthol, 

HSO^.C.H^.N  =  N.C,„H,.OH. 

[4]  [1]     [a]  m 

Prepared  in  the  same  manner  as  the  last  from 
3-  instead  of  a-  naphthol.  Solution  orange,  be- 
soming red  on  addition  of  caustic  soda.  Solu- 
tion in  strong  sulpliuric  acid  red,  becoming 
)range  on  dilution.  Commercial  compound,  the 
sodium  salt. 

Literature— Witt,  C.  J.  1879,  p.  184  ;  Miihl- 
lauser,  D.  P.J.,  vol.  264,  p.  181.  The  industrial 
listory  is  the  same  as  that  of  the  last  colouring 
natter. 

Orange  E;  Mandarin  GR  —  Sulphotoluene- 
izo-;8  naphthol,  HS0,.C,n,.N,.C,„H„.0H(;8).  Ho- 
nologous  with  the  preceding,  the  diazotised 
;ulphonio  acid  of  commercial  toluidine  being 
.jsed  instead  of  sulphanilic  acid.  Commercial 
sroduct  the  sodium  salt. 

Orange  2  R.— Su]phoxylene-azo-)3-naphthol, 
HS03.CsH,.N,,.C,„H„.OH(/3).  — Prepared  in  the 
same  manner  as  the  pi'eceding  from  the  sulphonic 
icid  of  commercial  xylidine  and  ;8-naphthol. 
rhe  commercial  jDroduct  is  the  sodium  salt, 
f^queous  solution  gives  a  reddish-brown  precipi- 
tate with  dilute  acids.  Dissolves  with  a  red 
3olour  in  strong  sulphuric  acid  giving  a  brown 
preciijitate  on  dilution. 

Literature.  —  The  manufacture  of  the  two 
last  colouring  matters  is  described  in  the  paper 
by  Miihlhiiuser  already  referred  to. 

Tropaeoline  0000.  — Benzeneazo-a-naphthol- 
julphonic  acid,  C„H,.N.,.C,„N5.HS0;,.0H(a). 
rhis  colouring  matter  is  no  longer  manufac- 
tured ;  it  was  formerly  prepared  by  the  action 
■ji  diazobenzene  chloride  upon  a-naphtholmono- 
sulphonic  acid  in  alkaline  solution.  An  isomeric 
compound  is  in  the  market  under  the  name  of 
Cochineal  Scarlet  G,  prepared  from  o-naphthol- 
monosulphonic  acid  C.  The  first  colouring 
Qiatter  dissolves  in  strong  sulphuric  acid  with  a 
magenta  red  and  the  cochineal  scarlet  with  an 
orange-red  colour  giving  a  brownish  precipitate 
on  dilution. 

Literature.— Witt,  C.  J.  1879,  p.  184;  also 
Hofmann,  B.  1877,  p.  1380.  Verein  Chem. 
Fab.,  Germ.  pat.  26,012,  188:^ ;  S.  C.  I.  1884,  p. 
29.  Also  Gaess,  Monit.  Sci.  1884,  p.  335. 

Cochineal  Scarlet  2  R. —Homologous  with 
the  preceding.  Prepared  by  the  action  of  diazo- 
tised toluidine  on  a-naphtlmlmonosulphonic  acid 
C.  Aqueous  solution  reddish  orange.  Flaky 
precipitate  with  acids.  Diss-olves  in  strong  sul- 
phuric acid  with  a  red  colour  giving  red  flaky 
precipitate  on  dilution.  Introduced  with  Cochi- 
neal Scarlet  G  by  the  SchoUkopf  Aniline  and 
Chemical  Co.,  Buffalo,  U.S.A. 
Vol,.  I.-T 


Literature. — Gaess,  as  in  preceding,  and 
Eng.  pat.  1.5,781,  Dec.  22,  1885  (Scholl.  An.  Co., 
S.  C.  I.  1886,  p.  164). 

Cochineal  Scarlet  4  R. — Homologous  with  pre- 
ceding; prepared  from  diazotised  xylidine  and 
the  same  a-naphtholsulphonio  acid.  Properties 
similar  to  those  of  the  last  compound. 

Literature. — Same  as  under  jireceding. 

Ponceau  4  GB.  —  Benzeneazo-;3-naphthol- 
sulphonic  acid,  C„H5.N,.C,„H-.HSO;,.OH((8).  Pre- 
pared by  the  action  of  diazobenzene  chloride 
upon  ;8-naphtholmonosulphonic  acid  (Schaffer's 
acid)  '  in  allcaline  solution. 

Literature.~-Gness,  B.  1878,  p.  2197. 

Crocein  Orange.  —  Isomeric  with  the  pre- 
ceding.   Probably  has  the  formula  : 

C,H,.N.,.C,(,H,.HSO,.OH. 

[«]        [<x]  m 

Prepared  as  above  from  Bayer's  /3-naphthol-a- 
sulphonic  acid.-  Commercial  product  the  sodium 
salt. 

Orange  GT.— Tolueneazo-/3-naphthol3ulpho- 
nic  acid,  C,H..N,,.C,„H5.HSO,,.OH(6).  Homo- 
logous with  the  last ;  prepared  by  diazotising 
commercial  toluidine  and  combining  with 
Schiiffer's  /3-naphtholmonosulphonic  acid  in 
alkaline  solution.  Orange  aqueous  solution  gives 
an  oily  precipitate  with  acids.  Dissolves  in 
strong  sulphuric  acid  with  a  magenta  red  giving 
an  oily  deposit  on  dilution.  The  corresponding 
colour  from  jDaratoluidiue  is  Scarlet  GT.  Intro- 
duced (as  sodium  salt)  by  P.  Bayer  &  Co.,  of 
Elberfeld. 

Scarlet  GE. — Homologous  with  the  last ;  pre- 
pared from  diazotised  xylidine  and  Schaffer's 
acid.  Dissolves  in  strong  sulphuric  acid  with  a 
red  colour  becoming  brown  and  precipitating  on 
dilution. 

Literature. — Levinstein,  B.  1880,  p.  586. 
Azococein  2  E,  sometimes  Xylidine  Scarlet. 

— Xyleneazo-a-naphtholsulphonic  acid, 

(CH.,),.C„H,.N,,.C,„H,.HSO;,.OH(o). 
Prepared  by  the  action  of  diazoxylene  chloride 
(commercial  xylidine  diazotised)  upon  a-naph- 
tholmonosulphonic  acid  in  alkaline  solution, 
the  commercial  product  being  the  sodium  salt. 
The  acid  is  prepared  by  sulphonating  o-naph- 
thol  at  a  low  temperature.  Aqueous  solution 
not  precipitated  by  alkalis ;  when  hot  and 
concentrated  deposits  bronzy  crystals  on  cooling. 
Dissolves  in  strong  sulphuric  acid  with  a  reddish 
violet  colour  becoming  brown  and  precipitating 
free  acid  on  dilution. 

'  This  acid  is  the  cMef  product  when  g-naphthol  ia 
hc-ntcil  with  not  less  than  two  parts  of  strong  sulphuric 
aeid  to  about  90°  until  completely  sulplionated.  At  a 
lower  temiierature  (5U-60°)  this  and  tlie  isomeric  (Bayer's) 
acid  are  formed  in  about  equal  qunntity.  With  more  acid 
and  a  higher  temperature  or  longer  time  disulphonio  acids 
are  produced.  (Scliiiffer,  J.  pr.  18G9,  p.  449  ;  F.  Bayer  & 
Co.,  Germ.  pat.  18  027,  March  IS,  1881.) 

"  This  acid  is  prepared  by  the  action  of  sul  phuric  acid 
upon  j3-naphthol  at  a  moderate  temperature  in  admixture 
with  Scli'iffer's  acid  as  above  de^cribeil.  One  part  of 
finely  powdered  ^-naphthol  is  gradually  mixed  with  two 
parts  of  strong  sulphuric  aeid  (60°B.)  and  the  mi.xture 
allowed  to  rise  to  .50--G0°C.  but  not  beyond.  For  details 
of  separation  see  following  patents  :— F.  Bayer  &  Co.,  Germ, 
pat.  No.  ?0,39r,  January  18,  1883;  ibid.  No.  26,673,  June 
22,  1883  ;  ibid.  No.  26,231,  May  10,  1853,  and  No.  30,077, 
March  1,  1884,  in  .adilition  to  the  original  patent,  No. 
18,027,  March  18,  1881,  referred  to  in  the  abore  note. 
Another  process  for  preparing  this  acid  at  a  lower  tem- 
perature ( 20°C. )  is  described  by  A.  Leonhardt  &  Co.,  and 
Dr.  R.  Scliulz  in  Germ.  pat.  No.  33,857,  July  4,  1881. 
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Literature.  — 'Vexein  Ch.  Fab.  Mannheim. 
Germ.  pat.  26,012,  February  27,  1883;  S.  C.  I. 
1881,  p.  29. 

Fast  Brown  N ;  Acid  Brown ;  Naphthylamine 
Brown.  —  Sulphonaphtlialene  -  azo-a  -  naphthol, 
HS03.C,„H,.N  =  N.C,„H,.0H.    Prepared  by  the 

[a]  [a]    [a]  [a] 

action  of  diazotised  a-naphthylamine-a-sulpho- 
nic  acid  (naphthionic  acid)  upon  a-naphthol 
in  allsaline  solution ;  commercial  product  the 
sodium  salt.  Colouring  matter  gives  a  reddish- 
brown  solution,  not  changed  by  acids  or  alkalis. 
Dissolves  in  strong  sulphuric  acid  with  a  reddish- 
■violet  colour. 

Literature. — Badische  Anilin-  und  Soda- 
Fabrik,  Germ.  pat.  5,411,  March  12,  1878 ;  B. 
1879,  p.  1364. 

Fast  Brown  3  B. — Sulphonaphtlialene-;3-azo- 
a-naphthol,    HS03.Ci„H,.N  =  N.C,„He.0H.  Pre- 

m       m  M  [a] 

pared  by  the  action  of  diazotised  ;3-naphthyl- 
aminesulphonic  acid  upon  a-naplithol  in  alkaline 
solution.  The  naphthylaminesulphonic  acid  is 
prepared  by  heating  the  ammonium  salt  of 
Schatfer's  ;8-naphtholmonosulphonio  acid  to  a 
high  temperature  (180°)  with  ammonia  : 
C,„H,.HS03.0H  +  NH3  =  0,„H,.HSO.,.NH,  +  OH,. 

Aqueous  solution  brownish-red  becoming 
violet  with  dilute  acids  and  red  with  alkalis. 
Solution  in  strong  sulphuric  acid  blue,  giving 
reddish-violet  precipitate  on  dilution. 

Literature. — Bronner,  Germ.  pat.  22, .547, 
July  5,  1882,  S.  C.  I.  1883,  p.  536. 

Brilliant  Double  Scarlet  G  (Actiengesell.)  ; 
Orange  Red  I.  Prepared  from  the  foregoing 
/3-naphthylamine  sulphonic  acid  and  ;8-naphthol. 
Aqueous  solution  gives  brown  precipitate  with 
dilute  acids.  Dissolves  in  strong  sulphuric  acid 
with  a  red  colour  giving  a  brown  precipitate  on 
dilution.    Literature  as  under  preceding  colour. 

Fast  Eed;  Fast  Ued  A;  Roccellin;  Eaura- 
cienne ;  Rubidine;  Orseilline  No.  3.' — Sulpho- 
naphthalene-azo-  /3-naphthol, 
HS03.C,<,H5.N  :  N.O,„H„.OH.     Prepared  by  the 

[a]  [a]  [a]  W        .  . 

action  of  diazotised  naphthionic  acid  upon 
;8-naphtliol  in  alkaline  solution.  Commercial 
product  the  sodium  salt.  Substance  dissolves  in 
hot  water  with  a  reddish-brown  colour  ;  concen- 
trated solution  when  rapidly  cooled  solidifying 
to  a  brown  gelatinous  mass.  Soluble  in  strong 
sulphuric  acid  with  a  violet  colour,  becoming 
brown  and  giving  a  precipitate  of  the  free  acid 
on  dilution. 

Literature. — Badische  Anilin-  und  Soda- 
Fabrik,  Germ.  pat.  5,411,  March  12,  1878;  B. 
1879,  p.  1364  ;  Griess,  B.  1878,  p.  2199. 

Fast  Eed  B. — Sulphonitronaphthalene-azo- 
j3-naphthol,  HSO,.NO,.C,„H,.N.,.C,„H,.OH(^). 
Produced  by  the  action  of  nitroamidonaphthal- 
enesulphonic  acid  (diazotised)  upon  /3-naphthol 
in  alkaline  solution.  Introduced  by  the  Badische 
Anilin-  und  Soda-Fabrik  as  the  sodium  salt. 
Colour  more  violet  in  shade  than  the  preceding. 

Acid  Ponceau  (Durand  and  Huguenin). 
Sulpho-/3-naphthaleneazo-/3-naphthol. 

(HS03).C,„H„.N  =  N.C,„H,.OH. 

[?]        m  [a]  m 

Prepared  by  sulphonating  /3-naphthylamine, 
diazotising  the  mixed   isomeric  sulpho-acids 

'  A  mixture  of  this  with  /3-naphthol  orange  was  for- 
merly sold  under  the  name  of  '  Rouge  Frani;ais.' 


and  combining  with  j3-naphthol  in  alkaline 
solution.  Aqueous  solution  gives  a  brown  pre- 
cipitate with  dilute  acids.  Dissolves  in  strong 
sulphuric  acid  with  a  red  colour  becoming  brown 
and  precipitating  on  dilution. 

Ponceau3G;  Scarlet3  G. — Sulphoanisoil-azo- 
iS-naphthol,    HSO3.OCH3.C6H3.N  =  N.C,„H6.0H. 

w  m 

Produced  by  the  action  of  diazotised  amido- 
anisoil-sulphonicacid  upon  ;8-naphthol  in  alkaline 
solution.  Commercial  product  the  sodium  salt. 
The  anisidinesulphonic  acid  is  prepared  by  sul- 
phonating anisidine  or  by  nitrating  and  reducing 
anisoilsulphonic  acid. 

Literature. — Badische  Anilin-  und  Soda- 
Fabrik,  Germ.  pat.  12,451,  January  3,  1879. 
B.  1881,  p.  552 ;  and  S.  C.  I.  1881,  p.  121. 

2.  DisTJLPnoNic  Acids. 

Orange  G ;  Orange  Yellow.— Benzeneazo- 
^-naphtholdisulphonic  acid, 

C,H3.N„.C,„H^(HSO,)„.OH(5). 
Produced  by  the  action  of  diazobenzene  chlor- 
ide upon  /3-naphtholdisulphonic  acid  (G  salt)' 
in  alkaline  solution.  Commercial  product  the 
sodium  salt.  Solution  not  precipitated  by  alkali ; 
a  crystalline  calcium  salt  formed  on  adding  cal- 
cium chloride  (orange  leaflets).  Dissolves  in 
strong  sulphuric  acid  with  an  orange  colour, 
undergoing  no  change  on  dilution. 

Literature. — Meister,  Lucius,  and  Briining, 
Germ.pat.  3,229,  April  24, 1878  ;  B.  1879,  p.  144. 

Ponceau  2  G  (Meister,  Lucius,  and  Briining). 
Isomeric  with  the  preceding.  Prepared  by 
the  action  of  diazobenzene  chloride  upon 
^-naphtholdisulphonic  acid  (R  salt).  Properties 
similar  to  those  of  the  preceding  compound; 
colour  slightly  redder  in  shade. 

Literature  as  above. 

Ponceau  GT. — Tolueneazo-/3-naphtholdisul- 
phonic  acid.  Homologous  with  preceding ;  pre- 
pared by  the  action  of  diazotised  toluidine  on 
the  G  salt.  The  isomeric  compound  from  the 
E  salt  is  Ponceau  RT. 

Literature,  see  preceding  compound. 

Ponceau  R  (Bad.  An.  n.  Sod.  Fab.)  ;  Ponceau 
2R  (Meister,  Luc,  and  Brii.  and  Actiengesell.), 
Scarlet  G ;  Xy lidine  Red.  —  Xyleneazo-;3-naphthol- 
disulphonic  acid,  C,H,.N„.C,„H,(HS03).,.0H(^). 
Produced  by  the  action  of  diazotised  commercial 
xylidine  (para-  and  metaxylidine)  upon  ^-naph- 
tholdisulphonic  acid  (E  salt).  Properties  similar 
to  those  of  Orange  G.  Colour  a  distinct  scarlet ; 
aqueous  solution  not  precipitated  by  alkali ;  an 
amorphous  precipitate  by  calcium  or  barium 
chloride.  Soluble  with  a  red  colour  in  strong 
sulphuric  acid,  becoming  brown  and  precipitating 
on  dilution. 

•  When  j3-uaphthol  is  heated  with  three  times  its 
weight  of  strong  sulphuric  acid  to  100°-1W  for  twelYe 
hours  a  mixture  of  two  isomeric  disulphonio  acids  is  pro- 
duced, the  one  giving  a  sodium  salt  (G  salt)  which 
furnishes  yellower  shades  of  azo-  colours  than  the  other 
(R  salt).  For  details  concerning  the  manufacture  and 
separation  of  these  acids  see  the  following  patents  :— 
Meister,  Lucius,  and  Briining,  Germ.  pat.  3,329,  April  24, 
1S78  ;  Leipziger,  Anilinfabrik,  Germ.  pat.  33,916,  April  19, 
1834  ;  S.  0.  I.  1885,  p.  339.  Other  patents  relating  to 
naphtholdisul  phonic  acids  are :— L.  Gans  and  M.  Hoff- 
mann, Eng.  pat.  816,  January  5,  1884;  S.  C.  1. 1884,  p.  567, 
and  1885,  p.  742;  Farbtabrik  Torm.  Bronner,  Germ.  pat. 
26,938,  .Julv  21,  1883  ;  H.  Baum,  Germ.  pat.  4,109,  September 
13,  1883,  "Monit.  Scien.  1883,  p.  1121  ;  L.  Gans  &  Co. 
Germ.  pat.  35.019.  January  15,  1884.  See  also  Griess,  B. 
188U,  D.  19f 
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Literature,  see  above.  The  isomeric  com- 
pound from  tlie  G  salt  is  yellower  in  shade,  and 
is  known  as  Ponceau  G. 

Ponceau  3  R ;  Cumidine  Red  (Meister,  Luc. 
and  Bi'ii.).—  Curaeneazo-^i-naphthoklisulphonic 
acid,  C,,H,,.N,.C,„H,(HSO3)„.OH(0).  Produced  by 
the  action  of  diazocumene  chloride  (from  4<-cumi- 
dine)'  upon  the  R  salt.  Properties  as  above; 
colour  of  a  redder  shade  than  the  last. 

Literature,  see  above. 

Ponceau  3  R  (Meister,  Luc,  and  Brii.). — Ethyl- 
dimethylbenzeneazo  -  ^  -  naphtholdisulphonic 
acid,  C,H,.(CH,),,.C„H,,.N2.C,„H,(HS03),.OH(i3). 
Prepared  by  the  action  of  diazotised  ethyl- 
xylidine  -  upon  the  R  salt. 

Literature,  see  above. 

Wool  Scarlet  R. — Xyleneazo-a-naphtholdi- 
sulphonic  acid, 

C„H„.N,.C,„H^(HS03),.0H(a). 
Prepared  by  the  action  of  diazotised  xylidine 
upon  the  disulphonio  acid  in  the  usual  manner. 
Commercial  product  the  sodium  salt;  reddish 
solution  becomes  violet  on  addition  of  acid. 
Sulphuric  acid  solution  red,  unaltered  on  dilu- 
tion. Introduced  by  the  Schollkopf  Aniline  Co., 
Buffalo,  U.S.A.  Eng.  pat.  15,775,  Dec.  22,  1885 ; 
S.  C.  L  1880,  p.  ICi. 

Buffalo  Rubin. — The  corresponding  colour 
from  diazotised  a-naphthylamine  and  the  same 
a-naphtholdisulphonic  acid.  References  as  in 
preceding.  Another  colouring  matter  of  the 
same  formula  and  probably  isomeric  has  been 
introduced  by  the  Parbw.  vorm.  F.  Bayer  &  Co. 
It  is  known  as  Nafildhorubin,  and  is  jjrepared  by 
the  action  of  diazotised  a-naphthylamine  on  the 
a-naphtholdisulphonio  acid  prepared  according 
to  the  patent  of  Giircke  and  Rudolf  (Eng.  pat. 
15,710,  Dec.  21,  1885). 

Orange  No.  3  (not  Helianthin). — Metanitro- 
benzeneazo-;8-naphtholdisulphonic  acid, 
NO,.C,H,.N...C,„H,.(HSO,)„.OH. 

[3]  [1]  W 

Prepared  by  the  action  of  diazotised  meta- 
nitraniline  upon  R  salt ;  commercial  product  the 
sodium  salt.  Orange  aqueous  solution  gives  an 
orange  precipitate  with  acids.  Dissolves  in 
strong  sulphuric  acid  with  an  orange  yellow 
colour  giving  a  precipitate  on  dilution  which 
dissolves  in  more  water.  Colouring  matter  but 
seldom  met  with  now.  Introduced  by  Roussin 
and  Poirricr.  Germ.  pat.  0,715,  Nov.' 19,  1878  ; 
D.  P.  J.  1870,  p.  42:5. 

Bordeaux  G  ;  Claret  G.— a-Naphthaleneazo- 
/8-naphtholdisulphonic  acid, 

C,„H..N.,.C|„H,.(HSO,).,.OH. 
[a]  .  m 

Prepared  by  combining  a-diazonaphthalene 
chloride  with  sodium  j3-naphtholdisulphonate, 
G  salt.  Commercial  product  the  sodium  salt. 
Solution  gives  a  fiocculent  precipitate  with 
barium  or  calcium  chloride.  Substance  dis- 
solves in  strong  sulphuric  acid  with  an  indigo- 
blue  colour. 

Literature. — Meister,  Lucius,  and  Briining, 
Germ. pat.  3,229,  April  24,  1878.  B.  1879,  p.  144. 

'  This  cumiJine  is  manufactured  bv  lieating  xylidine 
hydrocliloride  and  methyl  alcoliol  to  28U°-3U0°  in  auto- 
clayes.  Acticngesell.  f,  Anilinfab.,  Germ.  pat.  22,2G5, 
July  1, 18».'. 

'  Prepared  like  cumidine,  by  heating  xylidine  hvdi'o- 
chloride  and  ethyl  alcohol  to  a  high  temperature  ia 
autoclaves. 


Bordeaux  R  or  B ;  Claret  Red.  —  Isomeric 
with  the  last,  the  R  salt  being  used  instead  of 
the  G  salt.  Colour  somewhat  bluer  in  shade 
but  otherwise  similar  in  its  properties  to  the 
preceding. 

LUeraturc  as  in  the  last. 

Crystal  Ponceau  6  R;  New  Coccin  R. — 
a-Naphthaleneazo-;8-naphtholdisulphonic  acid 
(7-modification).'  Produced  by  the  action  of 
diazotised  a-naphthylamine  upon  /3-naphthol- 
7-disulphonic  acid  in  alkaline  solution.  Com- 
mercial product  the  sodium  salt.  Introduced 
by  Casella  &  Co. 

Anisole  Red;  Anisidine  Ponceau. — Anisoil- 
azo-j3-naphtholdisulphonic  acid, 

CH3.0.C,H,.N,.C,„H,.(PIS0,).,.0H. 

■  ■  ■  [2]  O) 

[I] 

Prepared  by  the  action  of  diazotised  anisidine 
upon  ;8-naphtholdisulphonic  acid  (R  salt)  in 
alkaline  solution.  Commercial  product  the 
sodium  salt ;  colouring  matter  now  not  often 
met  with.    Anisole  red  appears  at  one  time  to 

I  have  been  prepared  from  a  monosulphonic  acid 
of  /3-naphthol.    Substance  gives  a  red  solution 

I  with  strong  sulphuric  acid.  An  isomeric  anisole 
red  was  formerly  made  from  diazotised  anisidine- 
sulphonic  acid  and  /3-naphtholmonosulphonic 
acid  (Scliaffer's). 

I  Literature.— Eng.  pat.  4,726,  Nov. 
20,  1878  ;  Meister,  Lucius,  and  Briining,  Germ. 

I  pat.  7,217,  Dec.  3,  1878  ;  B.  1879,  p.  2108  ; 

!  Badische  Anilin-  und  Soda-Fabrik,  Germ.  pat. 
12,451,  Jan.  3,  1879,  B.  1881,  p.  552.    S.  C.  I. 

'  1881,  p.  121. 

Phenetole  Red  ;  Coccinin, — 

C,H,.O.C,N,.N,,.C,„H,.(HS03)2.0H(;3). 
Homologous   with    the   last ;    prepared  from 
amido-phenetoil  instead  of  anisidine.  Substance 
dissolves  in  strong  sulphuric  acid  with  a  red 
colour. 

Literature  as  in  the  pireceding.  No  longer 
in  the  market. 

Coccinin  B. — ■ 

CH3.0.C,H,,.N,,.C,„H,.(HSO,),.OH(/3). 
Prepared  by  diazotising  the  amido-  derivative  of 
methyl-anisoil  (amidocresol-methyl-ether),  and 
combining  with  the  R  salt  of  ;8-naphtholdisul- 
phonic  acid  in  presence  of  alkali.  Commercial 
product  the  sodium  salt;  solution  not  precipi- 
tated by  alkali ;  a  brown  precipitate  with  barium 
chloride  and  a  red  precipitate  gradually  formed 
on  addition  of  calcium  chloride.  Soluble  in 
strong  sulphuric  acid  with  a  magenta -red  colour 
becoming  more  orange  on  dilution. 

Literature. — Meister,  Lucius,  and  Briining, 
Germ.  pat.  7,217,  Dec.  3,  1878  ;  B.  1879,  p.  2108. 

Cresol  Red.— The  higher  homologue  of  the 
last  compound ;  prepared  from  the  ethyl-ether 
of  amido-cresol.  Introduced  by  the  Badische  Co. 

Azorubin   S   (Actiengesell.)  ;  Fast    Red  C 
(Badische  Co.) ;  Carmoisin  (Bayer).  Sulpho- 
«-naphthaleneazo-a-naphtholsulphonic  acid, 
HS03.C,„H,.N...C,„H3.HS03.0H. 

["1  [a]  [a] 

'  This  acid  is  obtained  by  sulplionating  Bayer's  mono- 
sulphonic acid  under  certain  special  conditions,  or  by  the 
diazo-  reaction  from  ^-naphthyIaminedisulpbouic  acid'.  See 
Eng.  pat.  816,  Jan.  5, 1884,  by  Leo  Gans  and  M.  Hoffmann, 
S.  G.  I.  1884,  p.  567,  and  1885,  p.  742.  Also  Germ.  pat. 
35,019,  Jan.  15, 1884,  Frankfurter  Anil infarbenfabriis:,  Gana 
iSs  Co. 
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Prepared  by  the  action  of  diazotised  naphthionic 
acid  upon  a-naphtholmonosulplionic  acid  (Nev. 
and  Win.)  in  presence  of  alkali ;  commercial 
product  the  sodium  salt.  Solution  gives  a  red 
crystalline  precij)itate  with  calcium  chloride ; 
substance  dissolves  in  strong  sulphuric  acid  with 
a  bluish-violet  colour  becoming  red  on  dilution. 

Literature. — Verein  Chem.  Fab.,  Germ.  pat. 
26,012,  Feb.  27,  1883,  S.  C.  I.  188-1,  p.  29. 

Fast    Red    E    (Badische   Co.).— Sulpho-a- 
naphthaleneazo-/3-naphtholsulphonic  acid, 
HS03.C,„H5.N„.C,„H,.HS03.0H. 

[a]  [a]  m 

Isomeric  with  the  preceding;  prepared  from 
diazotised  naphthionic  acid  and  Sohaffer's 
)3-naphtholmonosulplionio  acid.  Aqueous  solu- 
tion claret  red ;  not  precipitated  by  acids,  dis- 
solves in  strong  sulphuric  acid  with  a  violet 
colour  becoming  red  on  dilution. 

Literature. — Badische  Co.,  Germ.  pat.  5,411, 
March  12,  1878  {v.  list  of  patents). 

Crocein  Scarlet  3  BX  (Bayer). — Isomeric  with 
the  last ;  prepared  from  diazotised  naphthionic 
acid  and  Bayer's  /S-naphthol-a-sulphonic  acid. 
Commercial  product  the  sodium  salt ;  hot  solu- 
tion (concentrated)  gives  a  crystalline  magnesium 
salt  on  adding  magnesium  suljihate  and  allow- 
ing to  cool ;  solution  in  strong  sulphuric  acid 
reddish  violet  becoming  yellowish  red  on  dilu- 
tion. 

Literature. — Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  20,402,  March  30,  18S2  {v.  list  of 
patents). 

Double  Scarlet  Extra  S ;  Brilliant  Scarlet 
Extra  (ActiengeselL). — Isomeric  with  the  last; 
prejjared  from  diazotised  /3-naphthylaminesul- 
phonic  acid  (Br6nner's),and  a-naphtholsulphonic 
acid  :— HS03.C,„H„.N  =  N.CioH^.HSOa.OH. 

[^1  m  M  M 

Aqueous  solution  gives  yellowish  brown  pre- 
cipitate with  dilute  acids.  Dissolves  in  strong 
sulphuric  acid  with  a  red  colour  becoming 
yellower  on  dilution. 

Literature.  —  Farb.  vorm.  Bronner,  Germ, 
pat.  22,547,  July  5,  1882,  S.  C.  I.  1883,  p.  536. 

Pyrotin  (Dahl  &  Co.).  Isomeric  with  the 
preceding.  Prepared  from  /S-najshthylamine- 
monosulphonic  acid  (Dahl's)  and  a-naphthol- 
o-monosulphonic  acid.  Aqueous  solution  yel- 
lowish red  becoming  bluer  with  acid.  Dissolves 
with  a  magenta  red  in  strong  sulishurio  acid, 
remaining  red  on  dilution. 

Literature— Bahl  &  Co.,  Germ.  pat.  29,084, 
March  2,  1884  {v.  list  of  patents). 

3.  Trisulphonic  Acids. 

Atlas  Scarlet  No.  3  (Brooke,  Simpson,  and 
Spiller).  Sulphoxyleneazo-/3-naphtholdisulpho- 
nio  acid,  HSO:,.C8H,.N,.C,„H,,.(HS03)o.OH()3). 
Commercial  product  formerly  the  sodium  salt ; 
the  substance  is  no  longer  manufactured.  Pre- 
pared by  the  action  of  diazotised  xylidinesulpho- 
nic  acid  upon  ;8-naphtholdisulphonie  acid  in 
presence  of  alkali. 

Literature.— Meldola.,  Eng.  pat.  1864,  May 
10,  1879  ;  B.  1880,  p.  992;  C.  N.,  vol.  42,  p.  60. 

New  Coccin  (ActiengeselL)  ;  Brilliant  Pon- 
ceau (Casella) ;  Cochineal  Red  A  (Bad.  Co.).— 
Sulpho-a-naphthaleneazo-/3-naphtholdisulphonic 
acid,    HSO.,.C„,H,N,.C,„H^.(HSOJ..OH.  The 


commercial  product  is  the  sodium  salt,  and 
is  prepared  by  the  action  of  diazotised  naph- 
thionic acid  upon  j8-naphtholdisulphonic  acid 
(G  salt)  in  the  usual  way.  Aqueous  solution  red, 
not  precipitated  by  acids.  Dissolves  in  strong 
sulphuric  acid  with  a  red  colour  becoming  yel- 
lowish red  on  dilution. 

Literature.  —  Badische  Anilin-  und  Soda- 
Fabrik,  Germ.  pat.  5,411,  March  12,  1878,  B. 
1879,  p.  1364.  Meister,  Lucius,  and  Briining, 
Germ.  pat.  3,229,  April  24,  1878,  B.  1879,  p.  144. 

Fast  Ked  D  (Badische  Co.)  ;  Bordeaux  S 
(ActiengeselL) ;  Amaranth  (Meister,  Luc.  and 
Brii.). — Isomeric  with  the  preceding  ;  being  pre- 
pared from  diazotised  naphthionic  acid  and  E 
salt.    Literature  as  in  the  preceding. 

Ponceau  4  R  (Casella). — Isomeric  with  the 
preceding ;  prejjared  from  diazotised  naph- 
thionic acid  and  j3-naphthol-7-disulphonic  acid 
(see  note  to  Crystal  Ponceau  6  R,  p.  243). 

Ponceau  6  R  (Meister,  Lucius,  and  Briining) ; 
Prepared  by  the  action  of  diazotised  naphthionic 
acid  on  /3-naphtholtrisulj)honic  acid : — 

HS03.C,„H,.N,.C,„H3.(HS03)3.0H(i3).  ^ 

Aqueous  solution  red ;  unchanged  by  dilute 
acids.  Strong  sulphuric  acid  gives  a  violet  solu- 
tion becoming  red  on  dilution. 

Literature. — Meister,  Lucius,  and  Briining, 
Germ.  pat.  22,038,  May  20,  1882  {v.  list  of 
Patents). 

4.  Tetkasulphonio  Acids. 
Ponceau  6  R  (Meister,  Lucius,  and  Briining) ; 
Amaranth.  (Casella).  Sulpho-a-najohthaleneazo- 
;8-naphtholtrisulphonic  acid,' 

HS03.C,„H,.N,.C,„H3.(HS03)3.0H. 

[a]  [a]  [/3] 

Commercial  product  (sodium  salt)  prepared  by 
the  action  of  diazotised  naphthionic  acid  upon 
iS-naphtholtrisulphonic  acid  in  presence  of  al- 
kali. 

Literature. — Meister,  Lucius,  and  Briining, 
Germ.  pat.  22,038,  May  27,  1882 ;  S.  C.  I.  1883, 
p.  243. 

5.  AzoTHio-  Compounds. 
Thiorubin, 
„^M.C,H,.N,.C,„H,(HS03),.OH(;3) 
^\[p].C,H,.NH, 
Thio-p-toluidine  is  diazotised  and  combined  with 
jS-naphthoIdisulphonic  acid  (R  salt).  Aqueous 
solution  magenta  red  giving  yellowish-brown 
precipitate  with  mineral  acids.    Sulphuric  acid 
solution  red  giving  yellowish-brown  precipitate 
on  dilution. 

Literature.— UexT,  and  Weith,  B.  1871,  393  ; 
Dahl  &  Co.,  Germ.  pat.  34,299,  June  25,  1885, 
and  35,790,  Nov.  7,  1885  [v.  list  of  patents  under 
tliese  dates). 

Primuline,     (|))CH3.C,H3<^  C.C,H,.NH,. 

Prepared  by  heating  2  mols.  of  jj-toluidine  with 
4  atomic  proportions  of  sulphur  till  the  evolution 
of  hydrogen  sulphide  ceases.  The  commercial 
product  is  prepared  by  sulphonating  the  thio- 
base  so  as  to  form  amidobenzenyl-  p-  m-  amido- 
thiocresolmonosulphonic  acid.    The  latter  is  a 

'  This  acid  is  prepared  by  the  extreme  sulpliouation  of 
I  /3-naphthol  by  means  of  fuming  sulphuric  acid.   For  de- 
tails see  the  above  patent  of  Meister,  Lucius,  and  Briining ; 
'  also  Eu!;.  pat.  706,  February  9,  1883,  by  It.iu  Levinstein  ; 

I  B,  ibSi,  p.  isa. 
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yellow  dye  capable  of  taking  on  to  cotton,  and 
by  the  action  of  nitrous  acid  can  be  diazotised 
in  the  fibre.  The  diazo-  compound  can  then  be 
made  to  combine  with  phenols  by  passing  the 
fabric  through  a  solution  of  the  phenol  in  alkali, 
thus  forming  '  ingrain  '  colours  of  great  fastness 
in  the  fibre  (v.  p.  238  of  this  article).  The  azo- 
colours  from  the  unsulphonated  thio-base  have 
the  general  formula — 

C,H,<;g^C.C,Hi.N2.Ph 

where  Ph  represents  the  phenolic  residue. 

Literature.^  k.  G.  Green,  S.  C.  I.  1888,  179  ; 
Proc.  C.  S.  1889, 46,  and  C.  J.  Trans.  1889,  p.  227  ; 
Jacobson,  B.  1889,  330;  Gattermann,  B.  1889, 
422  ;  Pfitzinger  and  Gattermann,  B.  1889,  lOfjS. 

E.  Secondary  Azo-  Compounds.' 

Soudan  III.  —  C„H,.N2.C„H,.No.C,„H,.OH(/3). 
Prepared  by  the  action  of  diazotised  amidoazo- 
benzene  on  j8-na]phthol.  Insoluble  in  water ; 
dissolves  in  strong  sulphuric  acid  with  a  green 
colour,  becoming  blue,  and  finally  red  and  pre- 
cipitating on  dilution. 

Literature— meizki,  B.  1880,  p.  1838. 

Fast  Scarlet  (Badische  Co.) ;  Double  Scarlet. 
HSO,.C,H,.N  =  N.C,Hj.N  =  N.C,oH,.OH. 

[4]  [1]    [4]  [1]     [a]  [/3] 

Prepared  by  the  action  of  diazotised  amidoazo- 
benzenesulphonio  acid  ^  upon  iS-naphthol  dis- 
solved in  alkali. 

Literatxire. — Caro  and  Schraube,  B.  1877,  p. 
2230  and  1880,  p.  803. 

Biebrich  Scarlet ;  Ponceau  3  R  or  3  RB ; 
Azobenzene  Red;  New  Red;  Imperial  Scarlet. — 
A  mixture  of  the  preceding  colour  and  the 
disulphonic  acid 

HS03.C„H|.N  =  N.C„H,(HSO,,).N  =  N.O,„H,.OH. 

[4]        [1]  [4]    ^   [2]   [1]  M  m 

Prepared  from  diazotised  Acid  Yellow  (which 
see)  and  /8-nai3hthol  dissolved  in  caustic  soda. 
Commercial  product,  the  sodium  salt ;  solution 
not  precijiitated  by  alkali ;  a  brown  flocculent 
precipitate  by  dilute  acids.  Dissolves  in  strong 
sulphuric  acid  with  a  green  colour  becoming 
first  blue  and  finally  brown  and  precipitating  on 
dilution. 

Litcrattire. —  See  under  Acid  Yellow,  and  the 
foUowing  :  Nietzki,  B.  1880,  p.  800  and  1838 ; 
VV.  V.  Miller,  ibid.  p.  542  ;  Kriigener,  Germ.  pat. 
16,482,  Nov.  14,  1879;  B.  1882,  p.  94. 

Ponceau  2  R. — 

C,H,.N.,.C„H,.N,.C,„H3.HS03.0H(i8). 
Two  isomers  in  the  market  prepared  by  the  action 
of  diazotised  amidoazobenzene  on  Sehiiffer's  or 
Bayer's  /8-naphtholsulphonic  acid.   (See  Viguan 
and  Boassou,  Ber.  1880,  p.  1060.) 

Ponceau  SS  Extra  (Actiengesell.) 

C„H,.N  =  N.C,  H,.N  =  N.G,(,H,(HSO,)...OH. 

^      ^    [4]     [1]  m 

Prepared  by  the  action  of  diazotised  amidoazo- 
benzene upon  /8-naphtholdisulphonic  acid  (11 
salt)  in  alkaline  solution  ;  commercial  product, 

'  It  will  be  sufBcient  to  give  the  cliemical  formulEe  o£ 
tliese  secondary  azo-  compounds  without  giving  their 
names  in  full. 

-  Prepared  by  the  action  of  diazosulpliauilio  acid  on 
aniline.  Griess,  B.  187C,  p.  630,  and  1S82,  p.  2183.  This 
method  does  not  appear  to  be  of  any  technical  value,  as 
the  yield  is  too  small  (Griess).  The  direct  sulphonation 
of  amidoazobenzene,  according  to  the  original  p.itent  of 
Grassier  (No.  4186,  May  12,  1878),  gives  a  mixture  o£  the 
mono-  and  di-  sulplioiiie  acids  of  amidoazobenzene  (see 
under  Acid  Yellow  j. 


the  sodium  salt.  Dissolves  in  strong  sulphuric 
acid  with  a  violet  colour,  becoming  redder  on 
dilution.  (Kriigener's  pat.,  under  Biebrich 
Scarlet.) 

Cloth  Red  G.— 

C,H,.N2.C,H„.N,.G,„H,.HS0,.0H(^). 
Produced  by  the  action  of  diazotised  amido- 
azotoluene  on  /3-naphthosulphonic  acid  (Sehiif- 
fer's). Dissolves  in  water  with  a  red-brown 
colour  giving  a  similarly  coloured  precipitate  on 
addition  of  acid.  Dissolves  with  a  blue  colour 
in  strong  sulphuric  acid  giving  a  brownish-red 
precipitate  on  dilution. 

Literature.— Oehlet  (Kriigener),  Germ.  pat. 
16,482,  Nov.  14,  1879,  and  Farb.  vorm.  F.  Bayer 
&  Co.,  Eng.  pat.  .5,003,  1879. 

Cloth  Red  B. — 
C,H,.N,.C,H„.N„.C,„H,,.(HS03),.OH(,8). 
Prepared  by  the  action  of  diazotised  amido- 
azotoluene  upon  jS-naphtholdisulphonic  acid  (E.. 
salt).  Aqueous  solution  red  becoming  brownish 
on  addition  of  hydrochloric  acid.  Dissolves  in 
strong  sulphuric  acid  with  a  blue  colour  giving 
a  brownish-red  precipitate  on  dilution. 

Literature  as  under  preceding  colour. 

Archil  Red  A. 
C,H,.N,.C,H,.N,.C,„H,.(HS03),,.OH(;8). 
Prepared  by  the  action  of  diazotised  amidoazo- 
xylene  on  /3-naphtholdisulphonic  acid  (B  salt) 
in  presence  of  alkali.  Introduced  (1880)  by  the 
Badische  Co.  Soluble  in  water  with  a  Bor- 
deaux-red colour;  reddish-brown  flocculent  preci- 
pitate on  adding  dilute  acid.  Solution  in  strong 
sulphuric  acid  dark  blue  giving  reddish-brown 
precipitate  on  dilution. 

Literature. — Schuncke,  Am.  pat.  240,221, 
1880.  Meistcr,  Lucius,  and  Briining,  Germ.  pat. 
22,010,  Sept.  2,  1882,  S.  C.  I.  1883,  p.  243. 

Crocein  Scarlet  3  B  (Bayer)  ;  Ponceau  4  RB 
(Actiengesell.). 
HS03.C,H,.N  =  N.C,H,.N  =  N.C,„H,.HS03.0H. 

[41       [1]  [4]     [1]  M  m 

Produced  by  the  action  of  diazotised  amidoazo- 
benzenesulphonic  aeidon^-naphthol-a-sulphouic 
acid  (Bayer's)  ;  commercial  product,  the  sodium 
salt.  Solution  not  iwecipitated  by  alkali ;  a  red 
precipitate  produced  by  barium  chloride  becom- 
ing dark  violet  and  crystalline  on  boiling.  Dis- 
solves in  strong  sulphuric  acid  with  a  deep-blue 
colour,  becoming  violet  and  then  red  on  dilution. 

Literature. — Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  18,027,  March  18, 1881,  S.  C.  I.  1882, 
p.  224,  and  Germ.  pat.  30,077,  March  1,  1884, 
B.  1885,  p.  89. 

Crocein  Scarlet  7  B  (Bayer)  ;  Ponceau  6  EB 
(Actiengesell.). 

HS03.C,H,,.N.,.C;H,.N,.C,„H-,.HS03.0H(;8). 
Prepared  by  the  action  of  diazotised  amidoazo- 
toluenesulphonic  acid  on  /3-naphtholsulphonic 
acid  (Bayer's)  in  presence  of  alkali.  Eesembles 
the  preceding  in  general  properties ;  gives  a 
crystalline  magnesium  salt  on  adding  magne- 
sium sulphate  to  hot  concentrated  solution  and 
allowing  to  cool.  Dissolves  with  a  blue  colour  in 
strong  sulphuric  acid,  becoming  red  on  dilution. 

Literature  as  under  preceding. 

Orseillin  2  B  (Bayer).— Prepared  by  the 
action  of  diazotised  amidoazotoluencsulphonic 
acid  on  a-naphtholsulphonic  acid  (Nev.  and 
Win.).  Dissolves  vrith  a  blue  colour  in  strong 
sulphuric  acid,  becoming  red  on  dilution. 
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Literature. — Verein.  chem.  Fab.,  Germ.  pat. 
26,012,  Feb.  27,  1883  (u.  list  of  patents). 

Bordeaux  G  (Bayer). — Prepared  by  the  action 
of  diazotised  amidoazotoluenemonosuliDlionic  on 
jS-napbtholmonosulphonic  acid  (Schiiffer's)  : 
HSO3.C,H,.N,,.C,H„.N.,.C,„H,.HSO3[|8].OH[0]. 

Bordeaux  B  (Bayer). — Diazotised  amido- 
azoxyleuedisulphonic  acid  is  combined  with 
0-naphthol : 

HS03.C8H,.N2.C8H8.HS03.N2.C,„H,.OH[;8]. 

Scarlet  5  R  ;  Ponceau  5  R. — 
C,H  .N  =  N.C,H,.N  =  N.Ci„H3(HSO,)3.0H. 

[I]     [1]  .  m 

Prepared  by  the  action  of  diazotised  amidoazo- 
benzene  on  /3-naphtholtrisuli3honic  acid  in  alka- 
line solution ;  commercial  product  the  sodium 
salt. 

Literature. — Farb.  vorm.  Meister,  Lucius,  and 
Briining,  Germ.  pat.  22,038,  May  27,  1882; 
B.  C.  I.  1883,  p.  2i3. 

Azococein  7  B. — 
C^H^.N  =  N.C,H,.N  =  N.CioH^.HSO^.OH. 

[4]  [1]  .  [a]  [a] 

Prepared  by  the  action  of  diazotised  amidoazo- 
benzene  on  o-naphtholmonosulphonic  acid  (Nev. 
and  Win.)  in  alkaline  solution.  Dissolves  in 
strong  sulphuric  acid  with  a  violet  colour, 
giving  a  brownish-red  precipitate  on  dilution. 
Introduced  by  the  'Yerein  Chem.  Fab.,'  Germ, 
pat.  20,012,  February  27,  1883 ;  S.  C.  I.  1884, 
p.  29. 

Crocein  B. — The  disulphonicacid  correspond- 
ing to  the  preceding :  produced  by  the  action  of 
diazotised  amidoazobenzene  on  a-naphtholdi- 
sulphonic  acid  in  the  usual  way  (Schollkoijf 
An.  Co.,  Eng.  pat.  15,775,  Dec.  22, 1885  ;  S.  C.  I. 
1886,  p.  164). 

The  homologue  from  diazotised  amidoazo- 
toluene  is  known  as  Crocein  3  B  of  the  same 
firm. 

Azorubin  2  S  (ActieugeselL). — 
HS03.G„H,.N  =  N.C.H^.N  =  N.CioHj.HSOa.OH. 

[4]  [1]    [4]  [1]  _         [a]  _  [a] 

Produced  by  the  action  of  diazotised  amidoazo- 
benzenesulphonic  acid  on  a-naphtholmonosul- 
phonic  acid  (Nev.  and  Win.)  in  alkaline  solution. 
Dissolves  in  strong  sulphuric  acid  mth  a  green 
colour  becoming  blue  and  finally  brownish-yel- 
low on  dilution.  Keference  as  under  Azococein. 
Brilliaut    Crocein    M.— C,H,.N  =  N.C,Hj.N 

W  [i] 

=  N.C,„H4  (HS03).,.0H.  Prepared  by  the  action  of 

"  m 

diazotised  amidoazobenzene  on  i8-naphthol-7-di- 
sulphonic  acid.  Dissolves  in  strong  sulphuric 
acid  with  a  reddish  violet  becoming  first  bluer 
and  then  red  on  dilution.  Manufactured  by 
L.  Casella  &  Co.  (See  note  to  Crystal  Ponceau 
6  R,  p.  243.) 

Ponceau  S  Extra  (ActiengeselL). — • 
HS03.C,H,.N  =  N.C,H3.HS03.N 

W  [1]    [4]  [1] 

=  ]S[.C,„H,.(HS03).-.0H. 

Prepared  by  the  action  of  diazotised  amidoazo- 
benzenedisulphonic  acid  on  /3-naphtholdisul- 
phonic  acid  (K  salt)  in  the  usual  way.  Commercial 
product  the  sodium  salt ;  dissolves  in  strong  sul- 
phuric acid  with  a  blue  colour,  becoming  redder 
on  dilution. 

Literature.— W.  v.  Miller,  B.  1880,  pp.  542 
and  803  ;  Nietzki,  ibid.  pp.  980  and  1836. 


Archil  Brown. — 

HSOa.C.Hj.N  =  N.C,H3.HS03.N  =N.C,„H,.NH.,. 

[4]  [1]    [4]  [1]    [a]  [a] 

Prepared  by  the  action  of  diazotised  amidoazo- 
benzenedisulphonic  acid  on  a-naphthylamine. 
Acid  Brown  R  (ActiengeselL). — 
HS03.C,„H,.N  =  N.C,H„.NH2.NH,.N  =  N.C.H^. 

[a]  [a]     [1]         "   [2]      [4]  '  [5] 

Prepared  by  the  action  of  diazotised  naphthionic 
acid  on  chrysoidine.  Aqueous  solution  brown 
giving  brown  precipitate  with  acids.  Dissolves 
in  strong  sulphuric  acid  with  a  dirty  olive  brown 
becoming  first  reddish  and  then  brown  and  pre- 
cipitating on  dilution.  Introduced  by  the  '  Ac- 
tiengesellschaft  f.  Anilinfab.,'  Germ.  pat.  22,714, 
November  8,  1882  ;  S.  C.  I.  1884,  p.  28. 
Acid  Brown  G  (ActiengeselL).— 
C„H,.N  -  N.C,H.,.NH.„NH.,.N  =  N.C6H,.HS03. 

[1]        '   [2] "  [4]  '[5]    [1]  [4] 

Prepared  by  the  action  of  diazobenzene  chloride 
on  chrysoidinesulphonic  acid.  The  latter  is 
prepared  by  the  action  of  diazotised  sulphanilic 
acid  on  metaphenylenediamine.  The  substance 
dissolves  in  strong  sulphuric  acid  with  a  red- 
brown  colour  becoming  yellowish  on  dilution. 

Literature  as  in  preceding. 

Resorcin  Brown. — 

HSOj.C.Hj.N  =  N.C,H,,.HO.HO.N  =  N-CgHg. 

[1]  [4]    [1]       "   [2]  [4]  [5] 

Diazoxylene  chloride  is  combined  with  Resorcin 
Yellow  (p.  240).  Commercial  product  the 
sodium  salt :  aqueous  solution  gives  a  brown 
precii5itate  with  acids.  Dissolves  in  strong  sul- 
phuric acid  with  a  brown  colour.  (ActiengeselL 
Germ.  pat.  18,861,  Aug.  9,  1881,  Die  Chem.  Ind. 
1882,  p.  291.) 

Blue  Black  B  (Badische  Co.)  ;  Azo  Black 
(Meister,  Lucius,  and  Briining). — The  sulphonic 
acid  of  j8-naphthylamine  (Badische  acid.  Germ, 
pat.  20,760,  1881)  is  diazotised  and  combined 
with  a-naphthylamine  and  the  product  diazotised 
and  combined  with  yS-naphtholdisulishonic  acid 
(E  salt).    The  product  has  the  comijosition  : — 

HS03.C,„H„.N  =  N.C,oH,.N  =  N.C,„H„.OH, 

[?]        m  [«]      M  w  .  .  w  , 

Aqueous  solution  gives  a  bluish  precipitate  with 
acids  and  caustic  soda.  Solution  in  strong  sul- 
phuric acid  bluish-green  becoming  blue,  and 
finally  precipitating  on  dilution. 

Litcrature.—'&a.A.  An.  u.  Sod.  Fab.  as  above 
{v.  list  of  patents). 

Wool  Black.— 

HSOa.C.Hj.N  =  N.C,H3(HS03)N 

[4]  [1]    [4]  [1] 

=  N.C,H,.CH3.NH.C,„H,. 

[2]      [4]  [1]  m 

Prepared  by  the  action  of  diazotised  amidoazo- 
uaphthalenedisuliahonic  acid  on  paratolyl-/3- 
mphthylamine. '  Aqueous  solution  gives  a  violet 
precipitate  with  acids.  Dissolves  with  a  blue 
colour  in  strong  sulphuric  acid  giving  a  brown 
precipitate  on  dilution,  and  decomposing  on 
boihng  with  the  formation  of  Acid  Yellow  and 
tolunaphthazine.  (ActiengeselL  f.  Anilinfab., 
Germ.  pat.  38425,  March  31,  1886.  Eng.  pat. 
9754,  July  28,  1886 ;  S.  C.  I.  1887,  p.  523.) 

Azo-  Black  or  Naphthol  Black  introduced 
by  the  firm  of  L.  CaseUa  &  Co.,  is  prepared  by 

'  Prepared  by  heating  jS-naphthol  with  paratoluidine 
and  dry  calcium  chloride  : 

0,„H,.OH  -I-  C,H,.NHa.HCl =C,„H,.NH.C,H,-^OHs-^HCl 
(E.  Friedliindcr,  Ber.  1883,  p.  2078). 
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the  action  of  diazotised  amidoazonapbtlialene- 
disulphonic  acid  on  yS-naphtholdisulphouic  acid 
(E  salt).  Aqueous  solution  dark  violet,  becom- 
ing dark  blue  with  acid  or  alkali ;  barium  and 
calcium  chloride  give  a  precipitate.  Dissolves 
in  strong  sulphuric  acid  with  a  dark  green 
colour,  becoming  blue  on  dilution.  (T3ug.  pat. 
9,214,  July  31,  1885;  S.  G.  I.  1886,  p.  427.) 

Fast  Brown  G  (ActiengeselL). — 

(HS03.C,H,.N„)„.C,„H-,.0H(a). 
Prepared  by  the  action  of  diazotised  sulphanilic 
aoid  (2  mols  )  on  a-naphthol  (1  mol.).  Aqueous 
solution  red-brown  ;  violet  precipitate  with  dilute 
acid.  Strong  sulphuric  acid  solution  violet,  be- 
coming yellowish-brown  on  dilution. 

Fast  Brown  (Meister,  Lucius,  and  Briining). 
Homologous  with  the  joreceding.  Prepared  by 
the  action  of  two  molecules  of  diazotised  xy- 
lidinemonosulphonic  acid  on  one  molecule  of 
a-naphthol.  Aqueous  solution  brown ;  violet 
precipitate  with  dilute  acids.  Soluble  in  strong 
sulphuric  acid  with  a  violet  colour,  becoming  red 
on  dilation. 

Violet  Black.— 

n  TT  /[l].N.,.C,„H,.HSO,(a).OH(a) 
^<^-^-'\L4]N,.(a)C,„H,.NH,(a). 
Paranitracetanilide  is  reduced  by  mild  reducing 
agents  (iron  and  acetic  acid)  and  the  amido- 
acetanilide  diazotised  and  combined  with  1  mol. 
of  a-naishtholomonosulphonic  acid  (Nev.  and 
Win.).  The  acetyl-  groux5  is  then  removed  by 
heating  with  acid  or  alkali,  the  amido-  compound 
again  diazotised  and  combined  with  1  mol.  of 
a-naphthylamine.  Aqueous  solution  brownish - 
red  giving  violet  precipitate  with  mineral  acids 
and  reddish-violet  colouration  with  acetic  acid 
or  with  caustic  soda.  Blue  solution  in  strong 
sulphuric  acid  giving  violet  precipitate  on  dilu- 
tion. 

Literature. — Nietzki,  B.  1884,  pjj.  343  and 
13.50.  Also  Bad.  An.  und  Sod.  Fab.,  Germ.  pat. 
42,814,  April  19,  18S7  {v.  list  under  Feb.  22, 
1887). 

F.  Secondary  azo-  compounds   derived  from 
benzidine  and  its  homologues,  anisidine  and  i 
its  homologues,  &c. 

Benzidine  or  paradiamidodiphenylis  prepared 
fi'om  azobenzene  '  by  reduction  in  the  presence 
of  acids,  the  hydrazobenzene,  C^H.-NH.jSfH.C^Hj, 
which  is  formed  as  an  intermediate  product, 
being  converted  by  molecular  transposition  into 
benzidine : 

HN.C,H,-_C,H,.NH..(^.)) 
HN.C,H5~C,H,.NH,(i)) 
At  the  same  time  a  small  quantity  of  the 
isomeric  compound  diphenyline  is  formed  : 
C,H,.NH„(o) 
C,H,.NH,(ij). 
By  the  reduction  (in  presence  of  acid)  of  azo- 
toluene,  azoxylene,  &c.,  the  homologues  of  benz- 
idine are  produced.  The  amido-  groups  in  these 
bases  are  capable  of  being  diazotised  and  the 
tetrazo-  salts  thus  formed  combine  first  with  one 
and  then  with  a  second  molecule  of  a  phenol, 
amine,  phenolsulphonio  acid,  or  amidosulphonic 
acid,  so  that  mixed  products  can  by  this  means 

'  Azobenzene  is  bestpreparedbyreducingnitrolicnzeae 
in  alcolinlic  solution  with  zino-rtii-t  and  caustic  sodo 
(AlexfjuU,  Z.  18fiS,  iijf.  vol.  4,  p.  iOrj. 


be  obtained  as  shown  by  the  following  typical 
example  :-  — 

I.  ^"g^-^^H2NaN02-i-4HCl  = 


C,H,.N.,.C1 
C^Hj-N-Xl 


+  2NaCl  -I-  4H.,0. 


c:S::N::c!+cA.oNa= 

C„H..N,.C,H,.OH  , 

...    C„H,.N.,.C,H..OH^^  „ 

GX.N:.Ci  +C,„H,.ONa  = 

C„Hj.N„.C,H,.OH  p, 

c,h,.n:.c,„H;.oh  +  ^''^^^- 

The  literature  relating  to  benzidine  will  be 
found  in  the  following  papers  : — Zinin,  J.  pr. 
1845,  vol.  36,  p.  93  ;  Hofmann,  J.  f.  1863,  p.  424  ; 
Schultz,  A.  1874,  vol.  174,  p.  227.  A  paper  on 
the  colouring  matters  of  this  group  witli  dyed 
patterns  by  G.  Hurst  will  be  found  in  the  '  Journ. 
of  the  Soc.  of  Dyers  and  Colourists,'  Feb.  25, 
1888,  p.  14.  A  paper  on  the  azo-  colours  from 
isomeric  tolidines  and  diamidodixyls  by  Nolting 
and  Strieker  will  be  found  in  B.  1888,  p.  3138. 

The  chief  azo-  colours  of  this  group  which 
are  met  with  in  commerce  are  the  following 
Congo  Red. — ■ 

C„H.j.N.,(e).C,„H5.HS03(a).NH„(a) 
C,H,.N,(fl).G,„H,.HSO,(a).NH;(a). 
Prepared  by  the  action  of  diazotised  benzidine 
(one  molecular  proportion)  on  naphthionic  acid 
(two  molecules).  The  tetrazodipheuyldichloride 
is  added  to  the  well-cooled  solution  of  sodium 
naphthionate,  and  then  sodium  acetate  added;  the 
reaction  requires  several  hours  for  its  completion, 
owing  to  the  formation  of  theintermediate  product 
already  referred  to.'  The  commercial  product  is 
the  sodium  salt ;  the  red  aqueous  solution  be- 
comes blue  on  addition  of  dilute  acids  ;  substance 
dissolves  in  strong  sulphuric  acid  with  a  slaty 
blue,  giving  a  bluish  precipitate  on  dilution. 

Literature. — P.  Bottiger,  Germ.  pat.  28,753, 
February  27,  1884,  B.  1884,  p.  453  ;  Eng.  pat. 
4,415,  March  5,  1884  ;  Witt,  B.  188G,  p.  1719. 
Chrysamin ;  Flavophenin. — 

C,  II,.N.,[1]G,  H3.HO[4].COOH[5] 
C,H,,.N,[l]G,H3.HO[4].COOH[5]. 
Prepiared  by  the  action  of  diazotised  benzidine 
(one  molecule)  on  two  molecules  of  salicylic 
acid  in  alkaline  solution.  Commercial  product 
the  sodium  salt ;  used  for  dyeing  cotton  goods 
yellow  directly  from  a  soap  bath.  Aqueous 
solution  orange,  becoming  redder  on  addition  of 
caustic  soda;  orange  flocculent  precipitate,  with 
dilute  sulphuric  acid.  Soluble  in  strong  sul- 
phuric acid,  with  a  magenta-red  colour  becoming 
orange  and  precipitating  on  dilution.  Intro- 
duced by  the  '  Farbenfabriken  vorm.  F.  Bayer  & 
Co.';  Germ.  pat.  31658,  June  14,  1884;  S.  C.  L 
1885,  p.  400.  The  homologue  from  tetrazoditolyl 
is  Chrysamin  R. 

Bordeaux,  Extra.— 

0,  H,,.N.,.G,„H,.HS03[j3].OH[i3] 
C,H,.N:.C,„H,.HS0,[^].0H[/3]. 
Prepared  from  tetrazoditolyl  and  two  molecules 
of  i3-naphtholmonosidphonic  acid  (fromBadische 


ilai'tins,  B.  I88G,  p.  1755  ;  Lauge,  ibid.  p. 


lC;i7. 
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amido-acid).  Aqueous  solution  gives  violet  pre- 
cipitate with  acids  (excej)ting  acetic).  Violet 
solution  in  strong  sulphuric  acid  precipitating 
on  dilution. 

Literature. — Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  30,077,  March  1,  1884  {v.  list  of 
patents  under  March  18,  1881). 

Benzopurpurin  B. — 

C,H,.N.,.C,„H5.NH.,(S).HS03(;3) 
C,H,.N,.C,„H,.NH,,(fl).HS03(i8). 
Prepared  by  the  action  of  diazotised  tolidine 
(one  molecule)  on  )3-naphthylaminesulphonic 
acid  (two  molecules)  in  jwesence  of  alkali.  The 
/3-naphthylaminesulphouio  acid  is  the  so-called 
/3-modification  obtained  (mixed  with  the  a  and 
y-  isomerides)  by  heating  /3-naphthylamine  with 
3  parts  of  sulphuric  acid  (IKj  to  97  p.c.  of 
H.,SO,)  to  100-105°C.  for  6  hours  (Badische 
Co.,  Germ. pat. 20,760, November  17, 1881 ;  Dahl & 
Co.,  Germ. pat.  29,084,  March  2, 1884,  and  32,276, 
November  14,  1884),  or  by  heating  Schaffer's 
/8-naphtholsulphonic  acid  with  ammonia  (Bron- 
ner,  Germ.  pat.  22,547,  July  5,  1882  -see  this 
article  under  '  Fast  Brown  3  B ').  Aqueous  solu- 
tion, orange  red  ;  unchanged  by  caustic  soda  ; 
a  brownish-red  precipitate  by  dilute  sulishuric 
acid.  Dissolves  in  strong  sulphuric  acid  with 
a  blue  colour,  giving  a  brown  precipitate  on 
dilution.  Benzopurpurin  B  is  made  by  the 
Farb.  vorm.  F.  Bayer  &  Co. ;  Eng.  pat.  3,803, 
March  14,  1885  ;  also  Bayer  and  Duisberg,  Ber. 
1887,  p.  1428.  (See  also  list  of  patents  under 
March  17,  1885.) 

Benzopurpurin  4  B. — 

C,H,.N.,(/3).0,„H..NH.,(a).HS03(o) 
C,H,.N„(/3).C,„H5.NH2(a).HS03(a). 
Prepared  by  the  action  of  diazotised  tolidine 
(one  molecule)  on  naphthionic  acid  (two  mole- 
cules). Homologous  with  Congo  red  and 
isomeric  with  the  last.  Aqueous  solution  orange 
red,  giving  a  red  precipitate  with  excess  of  caustic 
potash ;  blue  precipitate  with  hydrochloric  acid  ; 
dissolves  in  strong  sulphuric  acid  with  a  pure 
blue  colour.  Introduced  by  the  Farb.  vorm.  F. 
Bayer  &  Co. ;  references  as  in  the  preceding.' 

Benzopurpurin  6  B. — Prepared  as  above  from 
tetrazoditolyl  and  Laurent's  naphthylamine- 
monosulphonic  acid.  The  latter  is  prepared  by 
sulphonating  a-nitronaphthalene  with  fuming 
sulphuric  acid  and  reducing  the  nitrosulphonic 
acid.  Colouring  matter  very  similar  in  properties 
to  the  preceding.    Eefereuces  as  above. 

Deltapurpurin  G.— 

C,H,.N.,(a).C,„H,.NH.,(5).HS03(^) 
C,H  ,.N,,(o)  .C,„H,.NH:(^)  .HS03(/3) . 
Isomeric  with  Congo  red :  prepared  by  the 
action  of  diazotised  benzidine  on  ;3-naphthyl- 
amine-5-sulphonic  acid,  the  latter  being  i^repared 
by  heating  ;6-naphthylamine  sulphate  with  5-6 
parts  of  strong  sulphuric  acid  (66'"B.)to  150°  for 
\h  hour.  The  a-  and  y-  monosulphonic  acids  of 
0-naphthylamine  are  also  said  to  be  transformed 
into  the  8-  modification  by  this  treatment. 
Colouring  matter  no  longer  in  the  market.  (Farb. 
vorm.  Bayer  &  Co.,  Eng.  pat.  5846,  April  29, 1886  ; 
also  Bayer  and  Duisberg,  Ber.  1887,  p.  1426.) 

•  According  to  Knecbt(  Jonru.  Soc.  Dyersand  Coloarists, 
1880,  p.  112)  Benzopurpuriu  1 B  is  produced  by  the  action 
of  diazotised  diamidodiphonetoil  on  /3-naphthylainine-/3- 
monosulplionic  acij. 


Deltapurpurin  5  B. — 

C,H,.N.,(a).C,„H-.NH.,(;8).HS03(j3) 
C,H,.N:(a).Ci„H,.NH„(^).HS03(3). 
Prepared  from  tetrazoditolyl  and  1  mol.  of  the 
S-acid-l-1  mol.  of  the  Bronner  acid.  Owing  to 
the  5-acid  being  a  mixture  of  isomerides  the 
colouring  matter  contains  also  Benzopurpurin  B 
and  Deltapurpurin  7  B  (see  below).  Aqueous 
solution  orange  giving  a  brown  colouration  with 
acetic  acid,  and  a  brown  precipitate  with  hydro- 
chloric acid.  Bed  precipitate  with  caustic  soda. 
Solution  in  strong  sulphuric  acid  blue  giving  a 
brown  precipitate  on  dilution.  (Bayer  &  Co. ; 
Germ.  pat.  42,021,  April  14,  1886.  Also  Bayer 
and  Duisberg,  B.  1887,  p.  1426,  and  Schultz, 
ibid.  p.  3158.) 

Diamine  Red  3  B. — Isomeric  with  the  pre- 
ceding. Prepared  from  diazotised  tolidine  and 
/3-naphthylamine-F-sulphouio  acid.  The  latter 
is  prepared  by  fusing  the  sodium  salt  of  a-naph- 
thalenedisulphonic  acid  (Ebert  and  Merz,  B. 
187G,  p.  612),  with  four  times  its  weight  of  50 
per  cent,  caustic  soda  at  200°C.  until  dioxy- 
naphthalene  begins  to  be  formed.  ;8-nai3hthol- 
F-sulphonic  acid  is  formed,  and  this  on  being 
heated  with  ammonia  in  an  autoclave  furnishes 
I  the  corresponding  amido-  acid.  The  colouring 
matter  is  precii^itated  from  its  aqueous  solution 
by  acetic  acid,  and  forms  an  insoluble  calcium 
salt.  Bed  precipitate  with  caustic  soda.  Solution 
in  strong  sulphuric  acid  blue  giving  brown  pre- 
cipitate on  dilution.  (L.  Casella  &  Co.,  Eng. 
pat.  12,908,  Oct.  9,  1886 ;  S.  C.  I.  1887,  p.  725. 
Also  Weinberg,  B.  1887,  p.  2906.)  _ 

Deltapurpurin  7  B. — Probably  identical  with 
the  preceding,  being  prepared  from  the  purified 
5-aoid  and  tetrazoditolyl.  Eeferences  as  under 
Deltapurpurin  5  B. 

Roseazurin  G. — 

C-H..N.,.C,„H5.NH„(/3).HSO., 
C,H,.N:,.C,„H..NH.C,H,(fl).HS03. 
Prepared  by  the  action  of  tetrazoditolyl  on  one 
molecule  of  j3-naphthylaniinemonosulplionic  acid 
and  then  on  one  molecule  of  the  S-methyl-deriva- 
tive  of  the  same  sulphonic  acid.  Aqueous  solu- 
tion red  giving  violet  precipitate  with  mineral 
acids.  Not  precipitated  by  acetic  acid.  Blue 
solution  in  strong  sulphuric  acid  giving  violet 
Ijrecipitate  on  dilution.  The  corresponding 
colour  from  one  molecule  of  tetrazoditolyl  and 
two  molecules  of  methyl-;8-naphthylaminemono- 
sulphonic  acid  is  Roseazurin  B.  (Farb.  vorm.  F. 
Bayer  &  Co.,  Eng.  pat.  17,083,  December  30, 
1886  ;  S.  C.  I.  1888,  p.  31.) 

A  colouring  matter  prepared  by  the  action  of 
one  molecule  of  tetrazodianisoil  on  two  molecules 
of  /3-naphthylaminemonosulphonic  acid  (Bron- 
ner's)  was  formerly  in  the  market  under  the 
name  of  Boseazuein. 

Azo-Blue. — 

C,H,.N,.C,„H,.H0(a).HS03(a) 
C,H,.N,.C,„H,.H0(a).HS03(a). 
Prepared  by  the  action  of  diazotised  tolidine 
on  a-naphthohnonosulphonic  acid.  Commercial 
product  the  sodium  salt.  Aqueous  solution  of 
colouring-matter  violet,  becoming  crimson  on 
addition  of  caustic  soda ;  restored  to  violet  by 
dilute  sulphuric  acid.  Dissolves  in  strong  sul- 
phuric acid  with  a  pure  blue  colour  giving  violet 
precipitate  on  dilution.    (Farb.  vorm.  F.  Bayer 
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&  Co.,  C4erm.  pat.  35,341,  August  1, 1885  ;  S.  C.  I. 
1880,  p.  427.) 

Benzoazurin  G. — 

C„H,(OCH3).N,..C,„H3.HO(a)HS03(a) 
G,H3(OCH3).N,.C,„H5.HO(a)HS03(a). 
Prepared  by  the  action  of  diazotised  diamido- 
diauisoil  on  a-naplitholmonosulphonic  acid.  Tlie 
dianisoil  derivative  is  prepared  by  reducing 
orthonitroanisoil  in  alcoholic  solution  with  zinc- 
dust  and  caustic  soda  so  as  to  form  an  azo- 
dianisoil  which  gives  the  desired  compound  on 
reduction  in  presence  of  acid,  just  in  the  same 
manner  as  nitrobenzene  gives  azobenzene, 
hydrazobenzene,  and  benzidine.  Aqueous  solu- 
tion bluish-violet,  becoming  red  on  addition  of 
caustic  potash;  dark-violet  precipitate  with  dilute 
hydrochloric  acid.  Dissolves  in  strong  sulphuric 
acid  with  a  blue  colour  giving  violet  precipitate 
on  dilution  (Farb.  vorm.  F.  Bayer  &  Co.,  Eng. 
pat.  14,424,  November  24,  1885,  S.  G.  1.  1886, 
p.  428).  The  homologue  from  diazotised  di- 
amidodiphenetoil  is  Benzoazurin  B. 
Azo-  Violet. — 

C,H,(OCH.,).N,.C,„H3.HS03(a).NH,,(a) 
C,H3(OCH3).N,.C,„H,.HS03(a).OH(a). 
Diazotised  anisidine  (one  mol.)  is  combined  with 
one  mol.  of  naphthionic  acid,  and  then  with  one 
mol.  of  a-naphthol-a-sulphonio  acid  (Nev.  and 
Win.).    Aqueous  solution  reddish-violet,  giving 
blue  precipitate  with  mineral  acids  and  bluish- 
violet  colouration  with  acetic  acid.  Solution 
turned  magenta  by  caustic   soda.  Dissolves 
with  a  blue  colour  in  strong  sulphuric  acid, 
giving  a  blue  precipitate  on  dilution  (Farb.  vorm. 
F.  Bayer  &  Co.,  Germ.  pat.  40,247,  Feb.  9,  18H6  ; 
V.  List  of  Patents). 
Heliotrope. — 
C,H3(OC.,H,).N.,.0,„H,.lN^HCH,(/3)HS03 
cX(OC:H,)N.;0,„H,-;.NHCH3(/3)HS03. 
Prepared  by  the  action  of  diazotised  diamido- 
dianisoil  on  methyl-^-naphthylaminemonosul- 
phonic  acid.    Aqueous  solution  red,  giving  violet 
precipitate  with  mineral  acids  and  reddish- violet 
colouration,  with  acetic  acid.    Dissolves  with  a 
blue  colour  in  strong    sulphuric  acid,  giving 
violet  precipitate  on  dilution  (Farb.  vorm.  F. 
Bayer  &  Co.,  Germ.  pat.  43,204,  June  8,  1887 ; 
V.  List  of  Patents  under  December  30,  1886). 
Azo-orseillin. — 

C„H,,.N.,.C,  „H,.HO  (a)  .HS03(a) 
C„H,.N:.C,„H5.HO(a).HS03(a). 
Prepared  by  the  action  of  diazotised  benzidine 
on  a-naphtholsulphonic  acid.  Commercial  pro- 
duct the  sodium  salt:  a  paste  dissolving  in 
strong  sulphuric  acid  with  a  blue  colour,  becom- 
ing violet  on  dilution  (Vercin.  chem.  Fab.,  Germ, 
pat.  26,012,  February  27, 1883 ;  v.  List  of  Patents). 
Benzidine  Blue.— 

C,H,.N,.C,„H,(HSO,)  .0H(3) 
C„Hj.N:.C,„H,(HS03),.0H(e). 
Prepared  from  diazotised  benzidine  and  ^-naph- 
tholdisulphonic  acid  (R  salt).    Not  met  with  in 
commerce  at  i^resent  time  (Schultz,  B.  1884, 
p.  461). 

Congo  Yellow ;  Yellow  Paste. — 

C,H,.N,,[1].C,H,.0H[4] 
C,.H,.N2.C,H3.NH,[41.HS03[1]. 
Prepared  by  acting  with  diazotised  benzidine  on 
one  molecule  of  phenol  and  then  combining  the 


resulting  product  with  one  molecule  of  sulph- 
anilic  acid.  Dissolves  in  strong  sulphuric  acid 
with  a  reddish-yellow  colour  (Actiengesell.  f. 
Anilinfab.,  Cierm.  pat.  39,096,  August  29,  1885; 
also  Eng.  pat.  15,296,  December  12, 1885 ;  S.  C.  I. 
1886,  p.  595). 
Congo  G  R.  — 

C„H  ,.N.,[1]  .C,H3.NH„[2]  .HS03[4] 
C,H,.N„[/3].C,„H,.NH,,[al.HS63ra]. 
Prepared  by  the  action  of  diazotised  benzidine 
on  meta-amidobenzenesulphonic  acid  (one  mole- 
cule), and  then  on  one  molecule  of  naphthionic 
acid.      Aqueous  solution  brownish-red,  giving 
blue  precipitate  with  hydrochloric  and  violet 
colouration  with  acetic  acid.    Solution  in  strong 
sulphuric  acid  blue,  giving  blue  precipitate  on 
dilution  (Actiengesell.  Germ.  pat.  40,954,  Janu- 
ary 28,  1886  ;  y.  List  of  Patents). 
Congo  Corinth. — 

C,H.,.N„.C,„H5.NH.,[a].HS03[a] 
C,H,.N.,.C,„H3.HOia].HS03[a]. 
Prepared  as  above  from  tetrazodiphenyl,  o-naph- 
thylaminesulphonic   acid    and  a-naphtholsul- 
phonic acid.    Aqueous  solution  red  ;  violet  pre- 
cipitate with  hydrochloric  acid  and  colouration 
with  acetic  acid.     Solution  in  strong  sulphuric 
acid  blue,  giving  violet  precipitate  on  dilution 
(Actiengesell.  Germ.  pat.  39,096,  August  29, 1885 ; 
V.  List  of  Patents  under  December  12,  1885). 
Brilliant  Congo  G.— 

C„H,.N.,.C,„H,.NH„(;a).(HS03). 
C,H,,.N2.C,„H5.NH2(/3)  HSO^j/B). 
From  diazotised  benzidine,  i8-naphthylaminedi- 
sulphonic  acid  and  ;3-naphthylaminemonosul- 
phonic  acid  (Bronner's).  Aqueous  solution 
gives  a  brownish-violet  precipitate  with  hydro- 
chloric acid.  Solution  in  strong  sulphuric  acid 
blue,  giving  violet  precipitate  on  dilution  (Actien- 
gesell. Germ.  pat.  41,095,  March  30,  1887;  v. 
List  of  Patents). 

Congo  Corinth  B. — 

C.H,.N„.C,„H,.NH„(a).HS03(a) 
C;H„.N.lC,„H,.H0(a).HS03(a). 
From  diazotised  tolidine,  naphthionic  acid  and 
a-naphtholsuliDhonic  acid.     Aqueous  solution 
magenta  red,   giving  violet   precipitate  with 
mineral  acids.    Blue  solution  in  strong  sul- 
phuric acid ;  violet  precipitate  on  dilution  (Ac- 
tiengesell. Germ.  pat.  39,096,  August  29,  1885  ; 
V.  List  of  Patents  under  December  12,  1885). 
Congo  4  R. — 

C,H„.N.,[1].C,H.,.H0  [2].HO[4] 
C;H„.N.X,oH,.NH,,(a).HS03(a). 
From  diazotised  tolidine,  resorcinol  and  naph- 
thionic acid.    Aqueous  solution  brownish-red, 
violet  precipitate  with  mineral  acids,  brown  pre- 
cipitate with  acetic  acid.     Solution  in  strong 
sulphuric  acid  blue  giving  violet  precipitate  on 
dilution  (Actiengesell.  Germ.  pat.  39,096,  Aug. 
29,  1885;  v.  List  under  Dec.  12,  1885). 
Brilliant  Congo  R. — 

C.H,,.N.,.C,„H,,.NH.,(8).(HS03), 
C;H,'.N.^.C,„H5.NH.,(;8).HS03(;8). 
From  diazotised  tolidine,  /^-naphthylaminedi- 
sulphonio  acid  and  j3-naphthylaminemonosul- 
phonic  acid  (Bronner's).  Aqueous  solution 
brownish-red,  giving  a  similarly  coloured  pre- 
cipitate with  mineral  acids.  Solution  becomes 
bluer  with  acetic  acid.  Orange  precipitate  with 
caustic  soda.    Blue  solution  in  strong  sulphuric 
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acid,  giving  dark-brown  precipitate  on  dilution 
(Actiengesell.  Germ.  pat.  41,095,  March  30, 1887  ; 
V.  List  of  Patents). 

Boseazurin  2  B, 
gQ  ^C,H3.N,(a).C,„H,.HS03(;8).NH,(;8) 
'^C,ft.N,(a).C,„H,.HSO,(3).NH,,(;8)" 
Benzidinesulphone  (1  mol.)  is  diazotised  and 
combined  with  2mols.  of  (S-naj^hthylaminemono- 
sulphonic  acid  (Bronner's).    Aqueous  solution 
magenta  red  giving  a  brownish-red  precipitate 
with  acids  and  a  blue  precipitate  with  caustic 
soda.    Sulphuric  acid  solution  reddish-violet, 
giving  a  brownish-red  precipitate  on  dilution 
(Farb.  vorm.  F.  Bayer  &  Co.  v.  List  under  Jan. 
20,  1885). 

Benzidine  Bed, 
C„H3.HS03.N,(i3).C,oH,.HSO,(a).NH,(o) 
C„H,,.HS03.N,{,8).C,„H,.HS0ia).NH,(a)- 
Prepared  by  diazotising  the  disulphonic  acid  of 
benzidine  and  combining  the  tetrazo-  compound 
with  2  mols.  of  naphthionic  acid.    Aqueous  so- 
lution magenta  red  giving  blue  precipitate  with 
mineral  acids,  and  violet  pirecipitate  with  acetic 
acid.    Caustic  soda  gives  a  red  precipitate  with 
concentrated  solution.    Blue  solution  in  strong 
sulphuric  acid  giving  blue  precipitate  on  dilution. 
Colour  no  longer  in  market  (Farb.  vorm.  F.  Bayer 
&  Co.  V.  List  of  Patents  under  Dec.  5,  1883,  and 
Jan.  9,  1884). 

Sulphanil  Yellow, 

C,H,.N,.NH[1].C,,H,.HS0,[4] 
CsH,.N,.NH[l].C,H,,.HS03[4]- 
A  diazoamido-  compound  produced  by  the  action 
of  diazotised  benzidine  (1  mol.)  on  2  mols.  of 
sulphanilic  acid.  Colour  no  longer  in  the  market 
(v.  List  of  Patents  under  Nov.  20,  1884). 


G.  AZO- 


COMPOUNDS  DERIVED  FROM 
STILBENE. 


Hessian  Purple  P. — This  colouring  matter  is 
one  of  a  group  of  secondary  azo-  compounds 
prepared  by  the  action  of  diazotised  diamido- 
stilbenedisulphonic  acid  on  phenols,  amines, 
sulphonic  and  carboxylic  acids.  The  compound 
in  question  has  the  formula  : 

CH.C„H3(HS0,).N.,.C,„H,.NH.,(a).HS0,(a) 

CH.C,H3(HSO,).N,.C,„H,.NH:(a).HS03(a). 

The  diamidostilbenedisulphonic  acid  is  pre- 
pared by  heating  the  sulphonic  acid  of  parani- 
trotoluene  with  caustic  alkali  and  then  reducing 
the  dinitrostilbeuedisulphonic  acid  thus  pro- 
duced.' _  The  colouring  matter  is  produced  by 
diazotising  the  diamidosulphonic  acid  (1  mol.) 
and  combining  the  tetrazo  compound  with 
naphthionic  acid  (2  mols.).  Aqueous  solution 
orange,  becoming  blue  with  acids,  and  violet  with 
alkali.  Eed  solution  in  strong  sulphuric  acid, 
giving  reddish-violet  precipitate  on  dilution. 

Literature— A.  Leonhardt  &  Co.,  Germ.  pat. 
38,735,  January  29,  1886  ;  B.  1887,  p.  183  ;  v. 
List  of  Patents  under  January  29  and  December 
14,  1886. 

Hessian  Yellow. — 

gH.C,H3(HS03).N,(l)C,H3.HO(4).COOH(5) 
CH.C,H3(HS03).N,(l)0,H3HO(4).COOH{5). 

'  For  au  account  of  theazo-  colours  from  ortliodiamido- 
stUbeue  see  paper  by  C.  A.  BUcUoflf,  B.  im,  p.  2078. 


Prepared  like  the  last  from  diazotised  diamido- 
stilbenedisulphonic acid  and  salicylic  acid.  Aque- 
ous solution  ochreous,  giving  blackish  precipi- 
tate with  mineral  acids.    Solution  reddened  by 
caustic  soda.    Reddish-violet  solution  in  strong 
sulphuric  acid,  giving  blackish  precij)itate  on 
dilution.    Eeferences  as  in  preceding. 
1       Hessian  Purple  N. — 
I  CH.C,H3(HSO,).N„(a).C,(,Hs.KH„(3) 
I  CH.C,H3(HS03).N,(a).C,oH,.NH„(;8). 
From  diamidostilbenedisulphonic  acid  diazotised 
and  0-naphthylamine.    Aqueous  solution  red, 
giving   bluish- black  j^recipitate  with  mineral 
acids,  and  violet-black  precipitate  with  acetic 
acid.    Eed  colouration  or  precipitate  with  caustic 
soda.    Blue  solution  in  strong  sulphuric  acid, 
giving   bluish-black  precipitate    on  dilution. 
Eeferences  as  in  preceding. 
Hessian  Purple  B, 

CH.C,H3(HS03).N,.C,„H,.HS03(;8).NH„(^) 

CH.C,H3(HS03).N,.C,„H3.HS03(;8).NHo(;8). 
Prepared  by  the  action  of  tetrazostilbenedisul- 
j)honic  acid  (1  mol.)  on  2  mols.  of  ,3-naphthyl- 
aminemonosulphonic  acid  (Broimer's).  Aqueous 
solution  red  giving  brownish-black  precipitate 
with  mineral  acids.  Eeddish-violet  precipitate 
with  caustic  soda.  Violet  solution  in  strong 
sulphuric  acid  giving  brown  precipitate  on  dilu- 
tion.   Eeferences  as  in  preceding. 

Hessian  Purple  D.  Isomeric  with  the  pre- 
ceding. Prepared  from  the  above  tetrazodisul- 
phonic  acid  and  Dahl's  /3-naphthylaminemono- 
sulphonic  acid  (v.  List  of  Patents  under  March  2, 
1884).  Aqueous  solution  orange  giving  brown 
precipitate  with  mineral  acids,  and  becoming 
redder  with  caustic  soda.  Violet  solution  in 
strong  sulphuric  acid  becoming  brown  on  di- 
lution.   Eeferences  as  in  preceding. 

Brilliant  Yellow. — 

CH.C„H3(HS03).N„[l].C,Hj.OH[4] 
CH.C,,H3(HS03).N,[l].C,H,.OH[4]. 
From  the  same  diazotised  disulphonic  acid  and 
phenol.  Aqueous  solution  orange,  giving  violet 
precipitate  with  mineral  acids.  Dissolves  with 
a  reddish-violet  in  strong  sulphuric  acid,  giving 
a  violet  precipitate  on  dilution.  Eeferences  as 
in  preceding. 

Chrysophenin. — 

CH.C,H3(HS03).N,[l].C,H,.OC.,H,[4] 

CH.C,H3(HS03).N,[l].C,H,.OC3H,[4]. 
Prepared  by  ethylating  the  preceding  colouring 
matter.  Aqueous  solution  orange,  giving  brown 
precipitate  with  mineral  acids.  Dissolves  with 
a  reddish-violet  colour  in  strong  sulphuric  acid, 
giving  blue  pirecii^itate  on  dilution.  Eeferences 
as  in  preceding. 
Hessian  violet. — 

CH.C,H3(HS03).N3{a).C,„H,.NH,(a) 
CH.C,H3(HS03).N3(a).C,oH„.OH(,S). 
Prepared  by  combining  1  mol.  of  diazotised 
diamidostilbene  disulphonic  acid  with  1  mol.  and 
a-naphthylamine,  and  then  with  1  mol.  of  0- 
naphthol.  Aqueous  solution  reddish-violet,  be- 
coming bluer  with  acetic  acid,  and  giving  a  blue 
precipitate  with  mineral  acids.  Solution  in 
strong  sulphuric  acid  blue,  giving  a  violet  preci- 
pitate on  dilution.    Eeference  as  in  preceding. 
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Date 


CoiiiiK  1111(1  (Ihizoti^t'il 


I'lienol,  Amine,  or  Suliilniiiio 
acid 


1878. 
March  12, 


March  12 
April  24 . 
May  12  . 
Nov.  G  . 

Nov.  19  . 

Nov.  20  . 
Dec.  3  . 


1879. 
Jan.  3. 

Feb.  13 


Feb.  15  . 
May  10  . 

Sept.  28 . 

Nov.  14  . 

Dec.  3  . 

1880. 
March  18. 

June  7  . 
Dec.  10  . 


Amido-,  Broniamido-,  Chlor- 
aniido-,  and  lodamido-phe- 
nol  and  honiologues  and 
their  sulphonic  acids. 
Amidosahcyhc  acid  and 
its  sulphonic  acid. 

a-Naphtliylamine  and  its 
sulphonic  acid(naplithionic 
acid) 

Xylidine  and  honiologues ; 
the  naphthylamines,  &c. 

Sulphonic  acids  of  amido- 
azo-benzene  and  homo- 
logues. 

Ortho-  and  paratoluidine  sul- 
phonic acids. 


Nitraniline  and  homologues, 
uitronaphthylainiue. 


Amidated  phenol-ethers  such 
as  amidoanisoil  and  honio- 
logues, aniido-naphthol- 
ethers,  &c. 

Amido-phenols  and  their 
ethers,  amido-naphthols. 


Amidated  phenol  and  naph- 
thol  ethers  and  their  sul- 
phonic acids. 

Sulphanilic  acid  . 


Aniline  and  honiologues 

Sulphanilic  acid  and  homo- 
logues, iiaphthylamiiie 
sulphonic  acid. 

Sulphonic  acids  of  amidoazo- 
benzene.  Sulplionation  by 
suliihuric  anhydride  and 
clilorosulpliuric  acid. 

Aniidoazobenzene  and 
homologues  and  their  sul- 
phonic acids. 

Sulphonic  acids  of  amido- 
azobenzene. 

a-Naphthylaminedisulphonic 
acid. 


Phenol  and  its  homo- 
logues, resorcinol,  or- 
cinol,  the  naiihtliols 
and  sulphonic  acids, 
dioxynaplitbalene  and 
sulphonic  acid. 

a  and  /8-naphthol  and 
their  suliihonic  acids. 

13  -  Naphtholdisulijhouic 
acids. 

[Used  as  an  acid  yellow.] 


The  naphthols,  phenol- 
sulphonic  acid,  diphe- 
nylamine,  phenylene 
diamine,  dinaiihthyl- 
amine,  &c. 

Phenol  and  sulphonic 
acid,  the  naphthols  and 
sulphonic  acids,  resor- 
cinol, diphenylamine 
and  naphtliionic  acid. 

Phenols  and  sulphonic 
acids. 


^  -  Naphtholdisulplionic 
acids. 


Naphthols  and  sulphonic 
acids. 

Aniline  .       .       .  . 


a  -  and  j8-  naphtholsul- 

jihonic  acids. 
Di-  and    tri-  sulphonic 

acids  of  naphthols. 

[Used  as  an  acid  yellow.] 


;8-Naphthylainine  and  sul- 
phonic acids. 

a-  or  ;3-naplithylamine  sul- 
phonic acids. 

Aniline  and  homologues, 
naphthylumine. 


j  Phenols,  naphthols, 
dioxynaplitbalene  and 
sulphonic  acids. 

Resorcinol,  orcinol,  and 
their  sulphonic  acids. 

Phenols  and  their  ethers 
and  sulphonic  acidu. 
Amines  and  their  sul- 
phonic acids. 

;3-Naphthol  and  sul- 
phonic acids. 

Methyl,  phenyl,  tolyl, 
xylyl  and  naiAthyl- 
a-  or  /3-naplitliylainine. 

Sulphonic  acid  of  sali- 
cylic acid. 


Patentee  nnil  reference 

J.  P.  Griess,  Germ.  pat.  3221, 
B.  1879,  p.  143. 


Badische  Anilin-  und  Soda-  Fa- 

brik.  Germ.   pat.   5411,  B. 

1879,  p.  1364. 
Meister,  Lucius,  and  Briining, 

Germ.  pat.  3229,  B.  1879,  p. 

144. 

F.  Grassier,  Germ.  pat.  4180, 
B.  1879,  p.  39(3. 

Eoussin   and   Poirrier,  Eng. 
pat.  4491. 


Eoussin  and  Poirrier,  Germ, 
pat.  6715,  D.  P.  J.  1879,  p. 
423. 


J.  P.  Griess,  Eng.  pat.  4726. 


Meister,  Lucius,  and  Briining, 

Germ.  pat.  7217,  B.  1879, 

p.  2108 ;   addition  to  pat. 

3229  above. 
Badische  Anilin-  und  Soda-  Fa- 

brik.  Germ.  pat.  12451,  B. 

1881,  p.  552. 
F.  Griissler,  Germ.  pat.  7094, 

B.  1879,  p.  2107;  addition 

to  pat.  4186  above. 
I.  Levinstein,  Eng.  pat.  623, 

B.  1880,  586. 

E.  Meldola,  Eng.  pat.  1864, 
B.  1880,  692  ;  C.  N.,  vol.  42, 
p.  60. 

F.  Grassier,  Germ.  pat.  9384, 
B.  1880,  942;  addition  to 
pat.  4186  above. 

U.  Kriigener,  Germ.  pat.  16482, 
B.  1882,  p.  94. 

F.  Grassier,  Germ.  pat.  16483, 
B.  1882,  p.  95. 

E.  ter  Meer  &  Co.,  Germ.  pat. 
10797  ;  G.  Schultz's  '  Cheinie 
des  Steinkohlentheers,'  1st 
ed.  p.  242. 

Badische  Anilin-  und  Soda- 
Fabrik,  Geim.  pat.  7007  ;  G. 
Schultz's  '  Chem.  des  Stein- 
kohlentheers,' 1st  ed.  p.  241. 

Ch.  Fabrik  auf  Aotien  voriii.  E.j 
Sobering,  Germ.  pat.  15117, 
B.  1881,  p.  2434.  I 
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Compound  diazotised 


Phenol,  Amine,  or  Sulphouic 
acid 


Patentee  and  reference 


1881. 
Jan.  22. 


Feb.  18 


March  18 


Aug.  9 


Nov.  17 


1882. 
Jan.  18. 


Jan.  24  . 
Feb.  25  . 

March  21 

March  25 
March  30 
April  12  . 

April  14  . 
May  26  . 

July  5 
Aug.  21  . 


Amidated  methyl  and  ethyl 
ethers  of  aromatic  acids 
(benzoic  and  cinnamic). 

Amidated  methyl  and  di- 
methylnaphthalene. 

Sulphanilic  and  naphthionic 
acids,  acid  yellow  and  aro- 
matic bases. 

Aniline  and  homologues,  the 
naphthylamines,  amido- 
azobenzene  and  sulphonic 
acids. 

Two  similar  or  dissimilar 
amines  or  sulphonic  acids. 

Amidoazobenzenesulphonic 
acid. 


Same    as  Germ.  jsat.  No. 
18027,  March  18,  1881. 


Naphthionic  acid  , 


Amines  and  their  sulphonic 
acids  generally. 


Amidoazobenzenesulphonic 
acids. 


Aniline  or  sulphanilic  acid 


Naphthionic  acid . 


Naphthionic  acid  diazotised 
and  combined  -with  two 
molecules  of  naphthyl- 
amine-sulphonic  acid  and 
then  again  diazotised  (sic). 

Sulphonic  acids  of  amines 
or  amidoazo-  compounds 
(e.g.  naphthionic  acid). 

Various  amines  and  sul- 
phonic acids,  such  as  naph- 
thionic acid,  amidoazo- 
benzene  and  sulijhonic 
acids. 

/3-Naphthylamine  monosul- 
phonic  acids  from  Schiif- 
fer's  ^-naphtholmonosul- 
phonic  acid. 

Solid  cumidine 


0  -  Naphtholdisulphonic 
acids. 


^-Naphthol  and  sul- 
phonic acids. 

Methyl  and  dimethyl- 
/3-naphthol  and  sul- 
phonic acids. 

/8-Naphthol  -  a-sulpho- 
nic  acid. 


Eesorcinol  and  homo- 
logues. 

;8-Naphthol  -  monosul- 
phonic  acid  from  0- 
naphthylamine. 

;8-Naphthol  -  o-sulpho- 
nic  acid  prepared  by. 
means  of  sulphuric 
acid  containing  anhy- 
dride or  chloro-sul- 
phuric  acid. 

Naphthionic  acid  . 


Anthrol  and  dioxyan- 
thracene  and  their  sul- 
phonic acids. 

a-  or  yS-Naphthylamine  , 


Diphenylamine  [colour 
subsequently  further 
sulphonated]. 

)3-Naphthol-  a  -sulphonic 
acid. 

;8-Naphthol  or  other 
phenols. 


a-  or  ;8-Naphthylamine 


0  -  Naphtholtrisulphonic 
acid. 


Phenols,  oxyphenols, 
uaphthols  and  their 
ethers,  and  sulphonic 
acids. 

Phenols,  naphthols  and 
sulphonic  acids. 


Farbwerke  vorm.  Meister,  Lu- 
cius und  Briining,  Germ.  pat. 
15250,  B.  1881,  p.  2434; 
S.  C.  I.  1882,  p.  24. 

Actiengesell.  f.  Anilin-  fabri- 
kation,  Germ.  pat.  25649. 
B.  1881,  p.  2604. 


Farbenfabriken  vorm.  F.  Bayer 
&  Co.,  Germ.  pat.  18027,  B. 

1882,  p.  1351 ;  S.  C.  I.  1882, 
p.  224  ;  addition,  No.  30077, 
March  1, 1884,  B.  1885,  p.  89. 

Actiengesell.  f.  Anilinfabri- 
kation,  Germ.  pat.  18861 ; 
S.  C.  I.  1882,  p.  404. 

Badische  Anilin-  und  Soda- 
Fabrik,  Germ.  pat.  20760, 
B.  1883,  p.  448;  S.  C.  I. 

1883,  p.  275. 
Farbenfabriken  vorm.  F.  Bayer 

&  Co.,  Germ.  pat.  20399, 
B.  1882,  p.  3104;  addition 
to  No.  18027,  March  18, 
1881. 

Farb.  vorm.  F.  Bayer  &  Co. 
Germ.  pat.  1235,  S.  C.  I. 
1882,  p.  226. 

C.  Liebermann,  Germ.  pat. 
1668 ;  S.  C.  I.  1882,  p.  226, 
and  Germ.  pat.  21178  (Ac- 
tiengesell). I6jrf.l883,p.274, 

Farbenfabriken  vorm.  F.  Bayer 
&  Co.,  Germ.  pat.  20000,  B. 

1882,  p.  3104  ;  S.  C.  I.  1882, 
p.  226. 

Dahl  &  Co.,  Germ.  pat.  21903, 
S.  C.  I.  1883,  p.  243. 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  20402,  B.  1882,  p. 
3104  ;  S.  C.  I.  1883,  p.  243. 

0.  Bredt,  Eng.  pat.  1730,  B. 

1883,  p.  1121. 


C.  Eumpff,  Eng.  pat.  1773, 
B.  1883,  p.  1121  (see  Germ, 
pat.  20000,  March  21) ;  S.  C.  I. 

-  1883,  p.  172. 

Farb.  vorm.  Meister,  Lucius  und 
Briining,  Germ.  pat.  22038, 
S.  C.  1. 1883,  p.  243. 


Farb.  vorm.  Bronner,  Germ, 
pat.  22547,  B.  1883,  p.  1517, 
S.  C.  I.  1883,  p.  536. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  22265  (July), 
Eng.  pat.  3997,  S.  C.  L  1883, 
pp.  242,  243.  , 
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Date 


Sept.  2 

Sept.  9 
Nov.  8 
Nov.  30 


1883. 
Jan.  23. 


Feb.  9 
Feb.  24 


Feb.  27 

May  5 
July  16 

July  17 

July  31 

Sept.  28 
Nov.  21 

Dec.  5 

Dee.  13 


Componnd  diuzoti^ed 


Amidoazoxylene  . 


Amines. 


Aniline  and  homologues  and 
sulplionic  acids,  amido- 
acids,  amidoazobenzene.ctc. 

Amines  and  sulphonic  acids. 


;3-Naphthylamine  mono-  and 
polysulphonic  acids  from 
conesiDonding  yS-naphthol 
acids. 

Amines  and  amidoazo-  com- 
pounds. 

Amidonaphtbalene  disul- 
plionic  acids  prepared  by 
nitrating  and  reducing 
a-  and  i8-disulpliouic  acids 
of  nap)hthalene. 

Amines  .... 

Amines        .       .       .  . 


Aniline  and  liomologues, 
amidoazobeiizene,  the 
naplitliylamines,  benzidine. 

Amines,  &c. 

Amines,  &o. 


Amines,  &o. 


Amines,  &o. 


Fluorylamine  and  acenaph- 

thylamine. 
The  amidobeuzoic  acids  and 

other  amidocarboxylic 

acids. 

Aniline  and  liomologues,  the 
naplitliylamines,  amido- 
azobenzene,  &c. 

Di-,  tri-,  and  tetrasulplionic 
acids  of  benzidine  ;  mono- 
and  disulplionic  acids  of 
benzidinesulplione. 

Di-  and  trisulplionic  acid  of 
the  amidoazo-  compound 
produced  by  the  action  of 
diazoazobenzene  and  its 
honiologues  ujion  a-  or 
0-naphthylamine  monosul- 
phonio  acid  and  subse- 
quent sulphonation. 


Pheuol,  Amiue,  or  Sulphonic 
acid 


13  -  Naphtholdisulphonic 
acids  (E  and  G  salt). 


Aromatic  oxy-acids  and 
sulphonic  acid  of 
/8-oxynaphthoic  acid. 

Clirysoidines  and  their 
sulphonic  and  carb- 
oxylie  acids. 

Phenols,  amines,  and 
sulphonic  acids  [colour 
subsequently  bronii- 
nated]. 

Amines  and  phenols 


j8-Naphtholniono-  and 

trisulplionic  acids. 
Phenols  and  amines 


Aniidonaphthalcne  di- 
sulplionic acids. 

Naphtholdisulphonic 
acids  from  the  above 
amido-  acids. 

New  a-naphtholmono- 
sulphonic  acids. 

a -Naphtholmonosulplio- 

nic  acid  (?) 
a  -Naphtliolmonosulplio- 

nic  acid  from  a-naph- 

tliol  acetate. 
B  -  Naphtholdisulphonic 

acid  from  Schaffer's 

monosulxihonic  acid. 
Fluorol,  acenaphthol, 

and   their  sulxihonic 

acids. 

Phenols  and  sulphonic 
acids. 

Diplienylamine  or  benz- 
ylaniline. 


Sulphonic  acids 
a-naphthol. 


of 


Amines  and  phenols  and 
their  sulphonic  acids. 


Phenols,  naphthols  and 
their  sulphonic  acids. 


Piiteutee  aud  reference 


Farb.  vorm.  Meister,  Lucius  und 

Briining,  Germ.  i^at.  22010. 

Addition  to  No.  16482,  Nov. 

14, 1879;  S.  C.  1. 1883,  p.  243. 
W.  Harmsen,Germ.  pat.  22707, 

B.  1883,  p.  1518;  S.  C.  I. 

1883,  p.  536. 
Actiengesell.    f.  Anilinfab., 

Germ.  pat.  22714,  B.  1883, 

p.  1519  ;  S.  C.  I.  1884,  p.  28. 
Soc.  Anon.  d.  Mat.  Color.,  Eng. 

pat.  5696;  S.  C.  I.  1883,  p. 

411 ;  Germ.  pat.  26642,  Dec. 

14,  B.  1884,  p.  188. 
L.    Landshoff,     Germ.  jiat. 

28378.  Addition  to  No.  22547, 

July5, 1882,  B.  1884,p.  267. 

I.  Levinstein,  Eng.  pat.  706, 
B.  1884,  p.  189. 

Louis  Freund,  Germ.  pat. 
27346,  B.  1884,  p.  266,  and 
S.  C.  I.  1884,  p.  166.  [See 
also  Eng.  pat.  No.  2104,  April 
25,  1883,  by  Dittler  &  Co., 
S.  C.  L  1884,  p.  243.] 


Verein  ohem.  Fab.,  Germ.  pat. 

26012,  B.  18-14,  p.  60,  aud 

S.  C.  L  1884,  p.  29. 
Dahl  &  Co.,  Eng.  pat.  2296, 

S.  C.  L  1884,  p.  29. 
H.  Baum,  Eng.  pat.  3498  (pro- 
vis,  protec.  only),  S.  C.  I. 

1884,  p.  243. 
H.  Baum,  Eng.  pat.  3523  (pro- 
vis,  proteo.  only),  S.  C.  I. 

1884,  p.  244. 
R.  Holliday  and  W.  E.  Hodg- 

kinson.  Eng.  pat.  3730 ;  S.  C.  I. 

1884,  p.  319.    Also  Eng.  pat. 

3971,  Aug.  16,  1883  ;  S.  C.  L 

1884,  p.  244. 
Soc.  Anon.  d.   Mat.  Color., 

Eng.   pat.   4621;    S.  C.  I. 

1884,  p.  319  ;  B.  1885,  p.  10. 
L.  Vignon  &  Co.,  Eng.  pat. 

5515  (provis.  proteo.  only), 

S.  C.  L  1884,  p.  442;  B. 

1884,  p.  453. 
Farb.  vorm.  F.  Bayer  &  Co., 
.  Germ.  pat.  25954  ;  B.  188-1, 

p.  366. 

L.  Paul,   Germ.   pat.  28820, 
B.  1884,  p.  545. 
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Date 

1884. 
Jan.  5. 


Jan.  9 

Jan.  9  . 

Feb.  19  . 
Feb.  27  . 

Feb.  27  . 
March  2. 


May  1  . 

May  1  . 

June  9  . 

June  10  . 

June  14  . 

June  28  . 

Julyl  . 
Oct.  7  . 
Nov.  20  . 

1885. 
Jan.  20. 

March  14 

March  17 


Compound  diazotised 


Aniline  and  homologues,  ni- 
tranilines,naphthylaniines, 
amido-azo-  compounds,  &c. 

;3-Naphthylamine  -  disulpho- 
nic  acid. 

Benzidine-disulphonic  acid  . 


Benzidine-tri-  and  tetrasul- 
phonic  acids  and  benz- 
idinesulphone-mono-  and 
disulphonic  acids. 

Tolidine-disulphonic  acid 
and  bromine  derivative. 

Benzidine  and  homologues  . 


Amines  and  sulphonic  acids. 


New  ;3-naphthylamine-mono- 

sulphonic  acid. 
Naphthionic  acid. 


Amines  and  sulphonic  acids. 


Amines  and  sulphonic  acids. 


Diamido  -  oxysulphobenzide 
and  homologues. 

Sulphanilic  and  naphthionic 
acids. 

Benzidine  and  homologues. 


Sulphonic  acid  of  benzene- 
azoamidoxylene. 

Tolidine  and  diamidodixylyl. 

Parax3henylene-diamine. 

Sulphonic  acids  of  aniline 
and  homologues. 

Mono-  and  disulphonic  acids 
of  benzidinesulphone. 

Tolidine  anddiamido-dixylyl. 

Tolidine  


Phenol,  Amine,  or  Sulphonic 
acid 


;8-Naphthol-7  -disulpjbo- 
nic  acid. 

Amines  and  phenols  and 

sulphonic  acids. 
NaxDhthylamines,  me- 

thylaniline,  methyl- 

naphthylamine,  and 

sulphonic  acids. 
Amines,    phenols  and 

sulphonic  acids. 


Phenols. 


Naphthylamines 
sulphonic  acids. 


and 


a  -  Naphtholdisulphonic 
acid. 

o-  and  ;8-naphtholsul- 
phonic  acids. 

/8-Naphtholmonosulpho- 
nic  acid  from  new 
;8-naphthylamine  -  sul- 
phonic acid. 

;8  -  Naphtholdisulphonic 
acids  separated  by  frac- 
tional salting  out  of 
acid  sodium  salts. 

(3-  Naphthohnonosulpho- 
nio  acids  separated  as 
above. 

Phenols  and  sulphonic 
acids. 

Phenols  ;  in  presence  of 
acetic  acid  instead  of 
alkali. 

Salicylic  acid  and  iso- 
merides. 

/3-  Naphthol-a-sulphonic 
acid. 

Salicylic  acid.  , 

Metaphenylene-  diamine. 

Benzidine  and  homo- 
logues. 

Amines,  phenols  and 
sulphonic  acids. 

Naphthylamines  and 

sulphonic  acids. 
Mono-  and  disulphonic 

acids  of  the  naphthyl- 

amiues. 


Patentee  and  reference 


Leo  Gans  and  Meinbard  Hoff- 
mann, Eng.  pat.  816;  S.  C.  I. 

1884,  p.  667,  and  amendment, 
ibid.  1885,  p.  742. 

J.  P.  Griess,  Eng.  pat.  1074 ; 
S.  G.  1. 1885,  p.  52  ;  B.  1885, 
p.  88. 

J.  P.  Griess,  Eng.  pat.  1099  ; 
S.  C.  I.  1885,  p.  52  ;  B.  1885, 
p.  88. 

Verein  chem.  Fab.,  Germ.  pat. 
29957,  B.  1885,  p.  10;  S.C.I. 

1885,  p.  452. 

P.  Bottiger,  Germ.  pat.  28753, 
B.  1884,  p.  453;  S.  C.  I.  1885, 
p.  278 ;  also  Germ.  pat.  39096, 
Aug.  29, 1885,  and 43125,  July 
29,  1887,  B.  1888,  p.  324. 

L.  Vignon  &  Co.,  Germ.  pat. 
32291,  B.  1885,  p.  675;  S.  C.I. 
1885,  p.  452. 

Dahl  &  Co.,  Germ.  pat.  29084, 
B.  1885,  p.  9.  [See  also 
Germ.  pat.  30640,  May  20, 

1884,  B.  1885,  p.  167  and 
32276,  Nov.  24,  1884;  also 
Eng.  pat.  7713,  May  14, 1884 ; 
S.  C.  I.  1885,  p.  53.] 

Leipziger  Anilinfabrik,  Eng. 
pat.  7097,  S.  C.  I.  1885,  p. 
339  ;  B.  1886,  p.  75. 

Leipziger  Anilinfabrik,  Eng. 
pat.  7098,  S.  C.  L  1885,  p. 
3.39. 

Farb.  vorm.  Meister,  Lucius 

und  Briining,  Eng.  pat.  8744, 

S.  C.  L  1885,  p.  400. 
E.  Kriigener  and  the  Farb. 

vorm.  Bronner,  Eng.  pat. 

8806,  S.  C.  L  1885,  p.  400. 
Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  31658,  B.  1885, 

p.  394 ;  S.  C.  L  1885,  p.  400. 
Farb.  vorm.  F.  Bayer  &  Co., 

Eng.  pat.   9518  ;   S.  C.  I. 

1885,  p.  453. 

Farb.  vorm.  F.  Bayer  &  Co.  Eng. 

pat.  9606,  S.  C.  1. 1885,  p.491. 
P.  Monnet  &  Co.,  Germ.  pat. 

32502,  B.  1885,  p.  676. 
Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  32958,  B.  1885, 

p.  686. 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  33088,  B.  1885, 
p.  723. 

Farb.  vorm.  F.  Bayer  &  Co.,  Eng. 
pat.  3803,  S.  C.  1. 1886,  p.  96. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  36615  ;  addition 
to  No.  28753,  February  27, 
1884,  B.  1886,  p  473. 
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June  25  . 
July  31  . 

August  1. 
August  5. 
Aug.  27  . 

Oct.  18  . 
Nov.  7  . 
Nov.  24  . 

Dec.  12  . 
Dec.  21  . 
Dec.  22  . 

Dec.  22  . 


1880. 
Jan.  28. 


Jan.  20  . 
Feb.  9 

I'eb.  1.5 
Feb.  17 


C'uinptmud  diazoti^eil 


Thio-paratoluidine  (Merz  and 
Weith's) 

Amidoazo-  a  -naphthalenedi- 
sulplionic  acid  (from  a- 
naphthylamine  diazodi- 
suljjbonic  acid  and  a-nax^li- 
thylamine). 

Tolidine  


Metanitraniline  and  liomo- 
logues,  metanitroamido- 
benzoic  acid,  etc. 

Paranitraniline 


Amines  and  sulplionic  acids. 

Thio  -  pavatoluidinc  (m.ji. 
175^). 

Diamidodianisoil  and  bomo- 
logues. 


Benzidine  and  liomologues  . 


Amines  and  sulplionic  acids. 


fVmines  and  sulplionic  acids. 


Amines  and  sulplionic  acids. 


Benzidine  and  liomologues 


Diamidostilbenedisul  phonic 
acid  from  paraiiitiotolueiic- 
sulplionic  acid. 

Diamidodiplienol-ellicrs 


Benzidine  and  liomologues. 


Bcnzidinemonosulplionic 
acid. 


rUenol,  AiiiiiiL',  or  Siil[)liuuic 
acid 


Naphthol  and  naplitliyl- 
aminesulplionic  acids. 

Amines,  phenols,  and 
sulplionic  acids. 


The  naphtliols  and  their 
sulplionic  acids. 

Metaplienylcnediamine 
and  liomologues 

-Naplilhylam'nemono- 
sulplionic  acid  corre- 
sponding to  Sohaffer's 
0  -  naphtholsulphonic 
acid. 

Sulphurised  naplithols. 


Phenols,  amines, 
sulplionic  acids. 

Phenols,  amines, 
sulplionic  acids. 


and 
and 


Patentee  and  reference 


Two  dissimilar  amines, 
phenols,  or  sulplionic 
acids. 


Naplitholdisulplionic 
acids  from  naphthal- 
enetrisulphonic  acids. 


Naplitholdisulplionic 
acid  from  nitronaph- 
tlialenesulphonic  acid. 


Naphtholmonosulphonie 
acid  from  iiitronapli- 
thalenesulphonic  acid. 

One  mol.  of  a  phenol  or 
amidosulphonic  acid 
and  then  a  second  mol. 
of  a  dissimilar  amine, 
phenol,  sulplionic,  or 
carboxylic  acid. 

Amines,  phenols,  sul- 
plionic, and  carboxylic 
acids. 

Two  dissimilar  amines, 
phenols,  sulplionic  or 
carboxylic  acids. 


Two  dissimilar  phenols, 
amines,  sulplionic  or 
carboxylic  acids. 

Two  similar  or  dis- 
similar amines,  jjlie- 
nols,  sulplionic  or  car- 
boxylic acids. 


Dahl  &  Co.,  Germ.  pat.  34299,  B. 

188(i,p.74,S.C.  1. 1886,  p.  9(i. 
Hoffmann  and  A.  Weinber 

Eng.  pat.  9214,  S.  C.  1. 188i;, 

p.  427.    [See  also  Germ.  pat. 

39029,  July  3, 188.5,  of  L.  Ca- 

sellaA  Co.,  B.  1887,  p.  273.] 
Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  35341,  B.  1886,  p. 

422,  S.  C.  I.  1886,  p.  427. 
A.  Leonhardt  &  Co.,  Germ.  pat. 

37021,  B.  1886, p. 803;  S.C.I. 

1886,  p.  523. 
Farb.  vorm.  Brunner,  Germ. 

pat.  30757  ;  addition  to  No. 

22547,  July  5,  1882 ;  B.  1886, 

p.  638  ;  S.  C.  I.  1886,  p.  523. 

Dahl  &  Co.,  Germ.  pat.  35788. 

B.  1H86,  p.  639. 
Dahl  &  Co.,  Germ.  pat.  35790, 

B.  issd,  p.  639. 
Farb.  vorm.  F.  Bayer  ife  Co.,  Eng. 

pat.  14424,  S.  C.  I.  1886,  p. 

428;  Germ.  pat.  38802,  Nov. 

19,  1885,  B.  1887,  p.  272. 
Actiengesell.     f.  Anilinfab., 

Eng.  pat.  15290,   S.  C.  I. 

1880,  p.   595;   Germ.  pat. 

39090,  August  29,  1885,  B. 

1877,  p.  273. 
C.  Rudolph  and  0.  Gurcke,Eng. 

pat.  15710,  S.  C.  I.  1880,  p. 

662;  Germ.  pat.  38281,  Sep- 
tember 2,  1885,  B.  1887,  p. 

125. 

Schiillkopf   Aniline  and  Ch. 

Co.,  Eng.  pat.  15775,  S.  C.  I. 

1886,  p.  164;   Germ.  pat. 

40571,  Dec.   23,  1885,  and 

addition  42304,  Jan.  28, 1886, 

B.  1887,  p.  203. 
Schiillkopf   Aniline  and  Ch. 

Co.,  Eng.  pat.  15781,  S.  C.  I. 

1886,  p.  164. 
Actiengesell.     f.  Anilinfab., 

Germ.  pat.  40954,  B.  1S88, 

p.  71. 


A.  Leonhardt  &  Co.,  Germ.  pat. 
38735,  B.  1887,  p.  183,  Eng. 
pat.  4387,  March  29. 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  40247,  B.  1887, 
p.  614.  Addition  to  Pat. 
38802,  Nov.  19,  1885  (Eng. 
pat.  Nov.  24,  1885). 

C.  A.  Martins,  Eng.  pat.  2213, 
R.  C.  1. 1887,  p.  138.  [See  also 
Eng.pat.l5296,Dec.l2, 1885.] 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  38664,  B.  1887, 
p.  271,  Eng.  pat.  3198,  March 
6,  1887,  S.  C.  I.  1887,  p.  285. 
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Date 


March  16 
March  31 

April  14  . 
April  29 . 


May  22 

May  28 

May  31 

June  6 
June  18 
Aug.  25 

Oct.  5 

Oct.  5 

Oct.  8 
Oct.  9 


Compound  cJiazotised 


Benzidinemonosulphonic 
acid. 

Amidoazobenzenedisulphonic 
acid. 


Azo-  comijounds  produced  by 
the  action  of  diazotised 
amidosulphonic  acids  of 
benzene  and  homologues 
and  benzidine  and  homo- 
logues on  a-naphthylamine. 

/3-Naphthylamine  -  8  -  mono  - 
sulphonic  acid. 

Amines  and  sulphonic  acids. 


Paradiamines  of  stilbene  and 
fluorene. 


Benzidine  and  homologues 


Diamido-  derivatives  of  di- 
phenol-ethers. 


Diamidodiphenylietone,  its 
hydrol  and  their  sulphonic 
acids. 

Thiobenzidine  and  thio- 
tolidine. 

Azo-  compounds  produced  by 
combining /ii-  andp-sulpha- 
nilic  acid  and  homologues 
with  a-naphthylamine. 

New  a-naphthylaminedisul- 
IDhonic  acid. 


Metadiamidodiphenyldicar- 
bonic  acid  and  ethers. 


Amines  and  their  sulphonic 
acids. 


Amines,  amidoazo-  com- 
pounds, benzidine,  anisi- 
dine,  &c.,  and  their  sul- 
phonic acids. 


Phenol,  Amine,  or  Sulphonic 

acid 


Phenols,  amines,  <fec. 

Paratolyl  -/3-naphthyl 
amine. 


Naphthols  and  their  sul- 
phonic acids. 


Patentee  and  reference 


T.  Garnelley,  Eng.  pat.  3890, 
S.  C.  1. 1887,  p.  138. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  38425,  B.  1887, 
p.  155,  Eng.  pat.  (Schad) 
9754,  July  28,  1886  ;  S.  C.  I. 
1887,  p.  523. 

L.  Casella  &  Co.,  Germ.  pat. 
40977,  B.  1888,  p.  71.  Addi- 
tion to  pat.  39029,  July  3, 
1885. 


Phenols,    amines,    and  Farb.  vorm.  F.  Bayer  &  Co., 


their  sulphonic  acids. 
/8  -  Naphthylamine  -  5  - 
monosulphonic  acid. 


Eng.  pat.  5846,  S.  C.  I.  1887 
p.  436;  Germ.  pat.  39925, 
April  15,  1886,  B.  1887,  p. 
613  and  42021,  April  15, 1886, 
B.  1888,  p.  120.  Additional  Germ.  pats.  41505,  Dec.  17, 
1886,  B.  1888,  p.  75;  42272,  Jan.  1,  1887,  B.  1888, 
p.  112  ;  42273,  Jan.  23,  1887,  B.  1888,  p.  113. 
Two  similar  or  dis-  Actiengesell.  f.  Anilinfab., 
Germ.  pat.  39756,  Eng.  pat. 
(Martins)  7284,  May  31; 
S.  C.  I.  1887,  p.  437.  Addi- 
tional Germ.  pat.  43142, 
March  22  ;  and  43197,  April 
20,  B.  1888,  p.  324. 
Oehler,  Germ.  pat.  40905,  B. 
1887,  p.  754,  Eng.  pat.  4492, 
March  25, 1887,  S.  C.  1. 1888, 
p.  120. 

C.  A.  Martius,  Eng.  pat.  7283, 
S.  C.  I.  1887,  p.  139. 


similar  amines,  phe- 
nols, sulphonic,  or 
carboxylic  acids. 


Meta-diamines  and  their 
sulphonic  acids. 


Two  similar  or  dis- 
similar amines,  phe- 
nols, sulphonic,  or 
carboxylic  acids. 

Phenols,  amines,  and 
sulphonic  acids. 

Monosulphonic  acids  of 

a-    and  ;8-naphthyl- 

amine. 
Metaphenylene  diamine 

and  homologues,  res- 

orcinol. 

Naphthols  and  their 
sulphonic  acids ;  the 
naphthylamines. 


Amines,  phenols 
sulphonic  acids. 


and 


Dioxynaplith  a  1  e  n  e  s  u  1- 
phoaic  acid  from  naph- 
thalenetrisulphonic 
acid. 

;3-Naphthol-F-sulphonic 
acid  from  Ebert  & 
Merz's  a-naphthalene- 
disulphonic  acid. 


H.  Wichelhaus,  Germ. 
39958,  B.  1887,  p.  613. 


pat. 


Dahl  &  Co.,  Germ.  pat.  38795, 
B.  1887,  p.  272. 

A.  Poirrier,  &c..  Germ.  pat. 
42992,  B.  1888,  p.  270. 


Dahl  &  Co.,  Germ.  pat.  42440, 
B.  1888,  p.  204 ;  also  Germ, 
pat.  41957,  Sept.  4,  1886 ;  B. 
1888,  p.  119. 

L.  Paul,  Germ.  pat.  41819,  B. 
1888,  p.  120.  Additional 
Germ.  pats.  44089,  Feb.  26, 
1887;  B.  1888,  p.  766,  and 
44161,  June  24,  1887;  B. 
1888,  p.  767. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  42270,  B.  1888, 
p.  156 ;  also  Germ.  pat. 
42261,  B.  1888,  p.  157. 

L.  Caseha  &  Co.,  Eng.  pat. 
12908,  S.  C.  I.  1887,  p.  725  ; 
Germ.  pat.  42112,  Sept.  22, 
1885;  B.  1888,  p.  117;  addi- 
tional pat.  45221,  June  4, 
1887  ;  B.  1888,  p.  877. 
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Date 


Oct.  19 
Oct.  27 
Nov.  9 

I 

Nov.  11 
Dec.  2 
Dec.  7 

Dec.  14 


Doc.  30 


18S7. 
Feb.  1. 


Feb.  22  . 
Feb.  22  . 

Feb.  20  . 

March  5 . 

March  8  . 
March  1,5 

March  21 

Vol.  I. 


Compound  diazotised 


0-Naphthylamine-F  -  sulpho- 
nic  acid  from  the  naphthol- 
F-sulphonic  acid. 

Amines  and  their  sulphonic 
acids. 

Benzidineorthodisulphonic 
acid. 

Ortliosulphonic  and  ortho- 
carboxylic  acids  of  benz- 
idine. 

a-Naphthylene-diamiue 


Diazoamido-  compounds 

Synuuetrical  paradiamido- 

azobenzene. 
Auiido-compounds  generally 


Diauiidostilbenedisulphonic 
acid. 


Benzidine  and  homologues, 
dianiidoanisoil,  diamido- 
stilbeue  and  iiuorene,  Ac. 


Amidoazobenzene,  p-  nitra- 
niline,  amidouaphthaleue, 
azobenzenesuli^honic  acids. 

Paradiamidodiphenylamiue  . 
Paraphenylene-diamine 


Amidoazo-  conipoauds  from 
tetrazodij^henyl  and  ditolyl 
and  two  mols.  of  aniline 
or  homologues. 

Benzidine  and  homologues  . 


Diamidodibenzeneazodi- 
phenyl  and  homologues. 

Amines  and  their  sulphonic 
acids. 

Benzidine  and  homologues  . 


Phenol,  Amine,  or  Sulpln 
aoiil 


Amines,  phenols, 
sulphonic  acids. 


and 


0  -  Naphthylamine  -  F  - 
sulphonic  acid. 

Two  similar  or  dissimilar 
amines,  phenols,  or  sul- 
phonic acids. 

Phenols,  amines,  and 
sulphonic  acids. 

Naphthol  and  naphthyl- 
amine sulijhonic  acids, 
salicylic  acid,  &c. 

heated  with  phenols 

Naphthol  and  naphthyl- 
amine sulphonic  acids. 

Naphtholtrisulphonic 
and  dioxynaphthalene- 
disulphonic  acids  from 
naphthalenetetra- 
sulphonic  acid. 

Two  similar  or  dissimilar 
amines,  phenols,  sul- 
phonic or  carboxylic 
acids. 


Patentee  and  reference 


Acticngesell.  f.  Anilinfab., 
Germ.  pat.  43100,  B.  1888, 
p.  323. 

Actiengesell.     f.  Anilinfab. 

Eng.  pat.  13780,   S.  C.  I. 

1887,  p.  138. 
Badische  Anilin-  u.  Soda-Fab., 

Germ.  pat.  39954,  B.  1887, 

p.  614,  S.  C.  I.  1887,  p.  72(3. 
Fischer  &  Micliaelis,  Germ.  pat. 

40890,  B.  1887,  p.  754. 
Actiengesell.  f .  Anilinfab.,  Germ. 

pat.  40740,  B.  1887,  p.  (368. 
Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  40893,  B.  1887, 

p.  754. 


A.  Leonhardt  &  Co.,  Germ, 
pat.  40575,  Ber.  1887,  p.  068; 
Eng.  X3at.  (amended)  4387, 
March  29,  1886;  S.  C.  I. 
1888,  p.  819.  Additional 
Germ.  pat.  42460,  Nov.  16, 1886  ;  B.  1888,  p.  269  ;  Eng. 
pat.  3994,  March  16,  I8.s7  ;  S.  C.  I.  1888,  p.  319. 
Alkyl-  derivatives  of  the  Farb.  vorm.  F.  Bayer  &  Co., 
Eng.  pat.  17083,  S.C.I.  1888, 
p.  31 ;  Germ.  pats.  41761, 
Dec.  21,  1886;  B.  1888,  p.  72; 
431(39,  March  24,  1887  ;  B. 
1888,  p.  382  ;  43204,  June  8, 
1887  ;  B.  1888,  p.  383. 
Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  41510,  B.  1888, 
p.  71.  Additional  pat.  42771, 
Dec.  28, 1887,  B.  1888,  p.  269. 
Dahl  &  Co.,  Germ.  pat.  40745, 
B.  1887,  p.  668. 


uaphtliylamines  and 
their  sulphonic  acids. 


Alkyl-  derivatives  of  fi- 
naphthylaminesulpho- 
nic  acids. 


Two  similar  or  dissimilar 
naphthol  or  naphthyl- 
aminesulphouic  acids. 

Naphtholsulphonic  acids 


Naphthols,  najshthyl- 
amiues,  and  their  sul- 
X^ho-  acids. 

Amidoazobenzenesul- 
phonic  acids,  and 
homologues.  Product 
afterwards  decomposed 
by  salts  of  uaphthyl- 
aminesuljihonic  acids. 

llesorcinol,  orcinol,  and 
naphthionic  acid. 

j3  -  NaphtholdisuliDhonic 
acid  from  /3-naphthol- 
F-monosulphonic  acid. 

Mono-  and  disulphonic 
acids  of  dioxyuaph- 
thalene. 


Badische  Anilin-  u.  Soda-Fab., 
Germ.  pat.  42011,  B.  1888, 
p.  208.  Additional  pat.  42814, 
April  19, 1887,  B.  1888,  p.  268. 

Leipziger  Anilinfab.,  Germ, 
pat.  44881  ;  B.  1888,  p.  876. 


Actiengesell.  f.  Anilinfab., 
Germ.  pat.  41302,  B.  1888, 
p.  70.  Addition  to  No.  28753 
(Bottiger),  Feb.  27,  1884. 


E.  Kegel,  Germ.  pat.  42227,  B. 

1888,  p.  156. 
L.  Casella  &  Co.,  Germ.  pat. 

44079  ;  B.  1888,  p.  767. 

W.  Majert,   Eng.  pat.  4243, 
S.  C.  I.  1888,  p.  320. 
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Date 


March  22 
March  30 

April  20 . 

April  22  . 
April  23  . 

April  23. 

April  23. 

May  6  . 


May  21 

May  28 
June  1 
June  8 

June  9 

June  11 

June  15 


Compound  diazotised 


Diamidostilbene 


Benzidine  and  homologues 


Diamidostilbene  .  > 


Amidosulphonic  acids  of 
mixed  tertiary  aromatic 
amines. 

Benzidine  and  tolidine 


Benzidine  and  tolidine . 


Aromatic  amines  . 


Ethers  of  ?n-amido-phenyl- 
lutidinedicarbonic  acid. 

Diazoamidosulphonic  acids 
from  benzidine  and  homo- 
logues. 

Benzidine  and  homologues  . 


Paradiamidoazobenzene 

Unsymmetrical  substituted 
diphenyl  bases. 


Amines,  &c.  .  . 
Naphthionic  acid  . 
Amines  generally . 


Metadicarbonic  acid  of  benz- 
idine. 

Amidoazobenzidines  from  di- 
azotised benzidine,  homo- 
logues and  derivatives  and 
two  similar  or  dissimilar 
amines. 

Ethers  of  diamido-diphenol. 


Phenol,  Amine,  or  Sulplionio 
acid 


a  -  Naphtholdisulphonic 
acid  of  Germ.  pat. 
40571,  Dec.  23,  1885 
(Sehollkopf). 

One  mol.  /3-naphthyl- 
aminedisulphonic  acid 
E  and  one  mol.  of  an- 
other amine,  phenol, 
or  sulphonie  acid. 

One  mol.  a-naphtholdi- 
sulphonic  acid  of  pat. 
4057(1885)  Scholl.and 
a  second  mol.  of  a  dis- 
similar phenol  or  sul- 
phonie acid. 

Phenols,  amines,  and 
sulphonie  acids. 

One  mol.  a-naphtholdi- 
sulphonic  acid  and  one 
mol.  of  an  amine,  phe- 
nol, or  sulphonie  acid. 

One  mol.  salicylic  acid, 
and  then  a  second  mol. 
of  a  phenol,  amine,  or 
sulpho-  acid. 

Ethers     of  9)z-amido- 
phenyUutidinedicar- 
bonic  acid. 

Phenols,  amines  and 
sulpho-  acids. 

Naphthionic  acid,  &c. 


One  mol.  of  naphthyl- 


Pateutee  and  reference 


Actiengesell.  f.  Anilinfab., 
Germ.  pat.  43142,  B.  1888,  p. 
324.  1st  addition  to  39756, 
May  22,  1886. 

Actiengesell.  f.  Anihnfab., 
Germ.  pat.  41095,  B.  1888, 
p.  70.  Addition  to  No.  28753 
(Bottiger),  Feb.  27,  1884. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  43197,  B.  1888,  p. 
324.  2nd  addition  to  39756, 
May  22,  1886. 


A.  Kern,  Eng.  pat.  5896,  S.  C.I. 
1888,  p.  498. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  43493,  B.  1888, 
13.  491.  1st  addition  to  pat. 
409.54,  .Jan.  28,  1886. 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  44797,  1st  addi- 
tion to  No.  31658,  June  14, 
1884  ;  B.  1888,  p.  813. 

Farb.  vorm.  Meister,  Lucius 
and  Brii.,  Germ.  pat.  42295  ; 
B.  1888,  p.  294. 


Actiengesell.  f.  Anilinfab., 
Eng.  pat.  6687,  S.  C.I.  1888, 
p.  430. 


aminedisulphonic  acid,  of  a-naphtholdisulphonic  acid, 
or  of  salicylic  acid  and  another  mol.  of  an  amine, 
phenol,  or  sulphonie  acid. 
Amines,    phenols,  and 


sulphonie  acids. 
Two  similar  or  dissimilar 
phenols,  amines,  sul- 
phonie or  carboxylic 
acids. 

Newmonosulphonic  acid 

of  a-naphthol. 
Naphthionic  acid. 

j8-Naphthol  -  S  -disulpho- 
nic  acid. 

Two  similar  or  dissimilar 

amines,    phenols,  or 

sulphonie  acids. 
Two  similar ordissimilar 

amines,    phenols,  or 

suljihonic  acids. 


Two  mols.  a-naphthol- 
monosulphonic  acid 
(Armstrong's),  or  one 
mol.  of  this  acid  and 
then  a  second  mol.  of 
a  different  phenol, 
amine,  or  sulpho-  acid. 


E.  Geit^v,  Germ.  pat. 
E.  1888,  p.  74. 


42006, 


Liebmann  &  Studer,  Eng.  pat. 

7812  ;  S.  C.  I.  1888,  p.  43. 
Wichelhaus  &  Krohn,  Germ. 

pat.  42382,  B.  1888,  p.  2U3. 
L.  Casella  &  Co.,  Eng.  pat. 

8265,   S.    C.    I.    1888,  p. 

431. 

L.  Paul,  Eng.  pat.  8296  ;  S.  C.  I. 
1888,  p.  432. 

L.  Paul,  Eng.  pat.  8437 ;  S.  C.  I. 
1888,  p.  432. 


Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  44650,  2nd  addi- 
tion to  No.  38802,  Nov.  19, 
1885  ;  B.  1888,  p.  818. 


AZO-  OOLUURING  AJATTER.S. 


Patents  kelating  to  Azo-  Colouring  Matters  — contimicd. 


Compound  diazotised 


June  24  .  Diamidodibenzeneazoditolyl 


June  29  .  Aniidoazo-  compounds  from 
diazotised  amidosulplionic 
acids  of  benzene  and  liomo- 
logues  and  a-naijhthyl- 
amine. 

June  30  .  Amines  and  sulphonic  acids  . 

June  30  .  Melanitranline  or  «i-tolu- 
idine  reduced  in  alkaline 
solution. 

July  2  .  Diamidobenzil  from  di-nitro- 
benzoin. 


July  i    .  Paranitraniline 
July  29  .  Benzidine  and  tolidine 

Aug.  18  .  Amines  and  sulplionic  acids. 

Sept.  1  .  Benzidine,  tolidine,  diamido 
dianisoil,  diamidodiphene- 
toil,  diamidostilbene  and 
sulphonic  acids. 
Sept.  3  .  Nitrotoluidine  m.p.  78°  and 
nitroxylidine  m.p.  123° 
reduced  in  alkaline  solution. 

Sept.  12  .  Diamido-  derivatives  of  plie- 
nyloxy  tolyl-ethers  and  their 
homologues. 
Sept.  19  .  Nitranilines  and  homologues. 

Sept.  19  .  Aniline  and  homologues,  the 
naphthylamines  and  their 
sulphonic  acids. 
Sept.  22  .  /5-naphthylamine-F- sulpho- 
nic acid. 

Sept.  25  .  Nitranilines  and  homologues, 
nitronaphthylamines,  etc. 


Sept.  27  .  Sulpho-acids    of  alkyloxy- 

diamido-diphenyl  bases. 
Oct.  12  .  Diamido-dii^henol  ethers  and 
homologues. 

Oct.  23  .  Aromatic  amido-  compounds. 

Oct.  24  .  Alkyl-ethers  of  oxybenzidiue 
and  analogous  bases. 


Oct.  28  .  Orthodiamidodiphenic  acid 


Nov.  1    .  Diamidotriphenylmethane 


Phenol,  Amiue,  or  Sulplionic 
acid 


Eosorcinol  and 
tliionic  acid. 


napli- 


Metudiamiiies  or  resor- 
cinol. 


New  a-naphthylamine- 
monosulphonic  acid. 

Phenols,  amines,  sul- 
phonic, or  carboxylic 
acids. 

Amines,  phenols,  sul- 
phonic, or  carboxylic 
acids. 

a-Naphthylaminedisul- 
plionic  acid. 

One  mol.  a-amidonaph- 
thalene-  5-disulphonic 
acid  (Scholl.)  and  a 
second  mol.  of  an 
amine,  phenol,  &c. 

a  -  Naphtholdisulphonie 
acid. 

Naphthylamines  and 
sulphonic  acids.  Pro- 
ducts alkylated. 

Phenols,  amines,  sul- 
phonic and  carboxylic 
acids. 

Two  mols.  of  an  amine, 
phenol,  sulphonic,  or 
carboxylic  acid. 

a  -  Naphthylaminemono- 
suliihonicacid  (Witt's). 

Extract  of  fustic  or  ma- 
hogany. 

Amines  and  phenols 

a-naphthylaminemono- 
sulplio-  acid  (Witfs). 


Amines,  phenols, sulpho- 
and  carboxylic  acids. 

Two  similar  or  dissimilar 
phenols,  amines,  or 
sulpho-  acids. 

New  dioxynaphthalene  . 

Two  similar  or  dissimilar 
amines,  phenols,  sul- 
phonic or  carboxylic 
acids. 

Amines,  phenols,  and 
their  sulphonic  acids 

/3  -  Naphtholdisulphonie 
acid  (E  salt). 


Patentee  and  reference 


Leipziger  Anilinfab.,  Germ.  pat. 
43486  ;  B.  1888,  p.  681.  Ad- 
dition to  No.  42227  (Kegel), 
March  8,  1887. 

Soc.  Anon.  d.  Mat.  Col.,  Eng. 
pat.  9257,  S.  C.  1. 1888,  p.  432. 


Ewer  &  Pick,  Germ.  pat. 42874, 

B.  1888,  p.  325. 
Soc.  Anon.  d.  Mat.  Co!.,  Eng. 

pat.  9315,  S.  C.  I.  1888,  p. 

499  ;  also  Germ.  pat.  44045, 

July  27, 1887,  B.  1888,  p.  766. 
Soc.  Anon.  d.  Mat.  Col.,  Eng. 

pat.  9414;  S.  C.  I.  1888,  p. 

432.   Germ.  pat.  44269,  Aug. 

28,  1887,  B.  1888,  p.  816. 
R.    Geigy,   Eng.    pat.  9468; 

8.0.1.1888,  p.  433. 
Aetiengesell.     f.  Anilinfab., 

Germ.  pat.  43125,  B.  188s,  p. 

324.    Addition  to  28753,  Feb. 

27,  1884. 

A.  Leonhardt  &  Co.,  Eng.  pat. 

11318,  S.  C.  I.  1888,  p.  672. 
Aetiengesell.  f.  Anilinfab.,  Eng. 

pat.  11880,  S.  0.  I.  1888,  p. 

563. 


Soc.  Anon.  d. 

pat.  11976; 

5()3 ;  Germ. 

6,  1887,  B.  1 
Soc.  Anon.  d. 

pat.  12355, 

563. 
Soc.  Anon.  d. 

pat.  12692,  S. 
C.  S.  Bedford, 

S.  C.  I.  1888, 


Mat.  Col.,  Eng. 
S.  C.  I.  1888,  p. 
pat.  44554,  Sept. 
888,  p.  817. 
Mat.  Col.,  Eng. 
S.  C.  I.  1888,  p. 

Mat.  Col.,  Eng. 
.C.I.1888,p.5()4. 
Eng.  pat.  12667, 
,  p.  619. 


L.  Casella  &  Co.,  Germ.  pat. 

43740,  B.  1888,  p.  557. 
Soc.  Anon.  d.  Mat.  Col.,  Germ. 

pat.  45787,  addition  to  6715 

Nov.  19,  1878;  B.  1889,  p. 

40. 

Ij.  Casella  &  Co.,  Germ.  pat. 

44209  ;  B.  1888,  p. 814. 
L.  Casella  &  Co.,  Germ.  pat. 

46134  ;  B.  1889,  p.  82. 

Ewer  and   Pick,  Germ.  pat. 

45229  ;  B.  1888,  p.  916. 
A.  Weinberg,  Eng.  pat.  14464, 

S.  C.  I.  1888. 


Badische  Anilin-  u.  Soda-Fab., 
Germ.  pat.  43524  ;  B.  1888, 
p.  492. 

Leipziger  Anilinfab.,  Germ, 
pat.  43644,  B.  1888,  p.  555. 

s  2 
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AZO-  COLOURING  MATTERS. 
Patents  RELATiNa  to  Azo-  Colodring  Matters — continued. 


Compound  diazotised 


Sulpho-  acids  of  alkyl-oxy- 
diamidodiphenyl  bases. 

aa  -  Naphthylene  -  diamine 

(m.p.  188°-190°). 
Benzidine  and  tolidine . 


Paradiamines  generally 


Amidosulpho-  acids  of  ben- 
zene and  homologues, 
sulpho-  acids  of  amido- 
azobenzene  and  homo- 
logues, of  benzidine  and 
homologues,  diamidostil- 
bene,  &c. 

Bismarck  brown  and  toluyl- 
ene  brown. 

Benzidine  and  tolidine . 

Dinitraniline  (Gottlieb's) 


New  naphthylene-diamines  . 


Amidoazo-  compounds  from 
tetrazo-salts  of  jj-diamines 
and  their  sulphonic  or  car- 
boxylic  acids  with  a-naph-. 
thylamine. 

Paradiamines  and  sulphonic 
acids,  naphthionic  acid,  &c. 

Diamidobenzil 


Phenol,  Amine,  or  Sulphonic 
acid 


Naphthionic 
mols.) 


acid    &c.  (2 


Metanitraniline  and  homo- 
logues, nitronaphtliyl- 
amines,  orthonitraniline- 
sulphoacid,  &c. 

Diamido-diphenol  ethers 


Primary  aromatic  amines  . 


Dinitraniline  (Gottlieb's) 


Mono-  and  disulplio-  acids  of 
benzidine  and  tolidine. 


Amines,  phenols,  sulpho- 
and  carboxylic  acids  . 

Amines,  phenols,  sulphc- 
and  carboxylic  acids  . 

Two  mols.  of  the  sulpho- 
nic acid  of  ethyl-ani- 
line or  diphenylamine ; 
or  one  mol.  of  these 
and  a  second  mol.  ot 
different  amine,  phe- 
nol, or  sulphonic  acid. 

Chryso'idines  and  their 
sulpho-  acids. 

Bismarck  brown  . 


Metaphenylene  and  vi- 

tohiylene  diamines. 
Phenol  and  orthocresol . 

Mono-  and  disulphonic 
acids  of  /8-naphthyl- 
amine. 

Amines,  phenols  and 
their  sulpho-  acids. 

Amines,  phenols,  sul- 
phonic or  carboxylic 
acids 


Chrysoidine  and  Bis- 
marck brown. 

Two  dissimilar  amines, 
phenols,  or  sulpho- 
acids. 

One  mol.  benzidine,  toli- 
dine, diamidostilbene 
etc. 

Salicylic  and  a-oxy- 
naphthoic  acid. 


Two  mols.  a-naplithol- 
monosulpho-  acid 
(Sell.)  or  one  mol.  of 
this  acid  and  a  second 
mol.  of  a  different 
phenol,  amine,  or  sul- 
pho- acid. 

Bismarck  brown ;  pro- 
duct afterwards  sul- 
phonated. 

Sulpho-  acids  of  the 
naphthylamines. 

Amines,  phenols,  and 
their  sulpho-  acids. 


Patentee  and  reference 


L.  Casella  &  Co.,  Germ.  pat. 

44770,    addition    to  44209 

above  ;  B.  1888,  p.  814. 
Ewer  and   Pick,  Germ.  pat. 

4.5.549  ;  B.  1888,  p.  922. 
G.  C.  Zimmer,  Eng.  pat.  15154, 

S.  C.  I.  1888. 


Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  44954;  B.  1888, 
p.  876. 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  46804 ;  B.  1889, 
p.  176. 


H.  Kupferberg,    Germ.  pat. 

46375;  B.  1889,  p.  176. 
P.  Forel,  Eng.    pat.  15459, 

S.  C.  I.  1888,  p.  320. 
O.  N.  Witt,  Germ.  pat.  44171 ; 

B.  1888,  p.  813. 

Ewer  and   Pick,  Germ.  pat. 

45788,    addition  to  45549 

above  ;  B.  1889,  p'.  42. 
Farb.  vorm.  F.  Bayer  &  Co., 

Eng.  pat.  16484,  S.  C.  1. 1888, 

p.  619. 


Farb.  vorm.  P.  Bayer  &  Co.,  Eng. 

pat.  16493,  S.  C.  1. 1888,  p.  619. 
Poirrier  and  Rosenstiehl,  Germ. 

pat.  45789,  addition  to  44269, 

Aug.  28, 1887;  B.  1889,  p.  41. 
Worms,  Eng.  pat.  17466;  S. 

C.  I.  1888,  p.  839. 

Nietzki,    Eng.    pat.  17583; 

S.  C.  I.  1888,  p.  839,  Germ. 

pat.  44170,  Nov.  16,  1887; 

B.  1888,  p.  812. 
Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  44775  ;  B.  1888, 

p.  872,  3rd  addition  to  38802, 

Nov.  19,  1885. 


Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  47066,  B.  1889,  p. 

313.    1st  addition  to  46804, 

Nov.  10,  1887. 
Actiengesell.  f.  Anilinfab.,  Eng. 

pat.  17952;  S.  C.  I,  1888, 

p.  839. 

Farb.  vorm.  F.  Bayer  &  Co., 
Germ.  pat.  44779,  B,  1888, 
p.  873. 


AZO-  COJ.OURING  MATTERS. 
Patents  eelating  to  Azo-  Coloubing  Matters-- con ^inzfed!. 


26t 


Jan.  24 


Jan.  28 


Feb.  2  . 
Feb.  9  . 

Feb.  10  . 

Feb.  25  . 
March  1 . 

March  10 
March  18 
March  26 
March  29 

March  29 

April  8  . 

April  11 . 

April  20  . 
April  20 


Compound  diazotised 


Benzidine  and  tolidine. 


One  mol.  benzidine,  tolidine, 
diamidodiphenol  ethers, 
&c. 


rhcnylenedianiine  (?  para)  . 

Tolidinesulphone    and  its 
mono-  and  disulpho-  acid. 


Amidoazonaphthalenes  and 
their  mono-  and  disulpho- 
acids. 

Para-  and  metanitraniline, 
m-  nitro-  p-  toluidino  (m.j). 
IT). 

IJenzidine  and  tolidine 


Aromatic  amido-  compounds 


Diamidotolane 


Benzidine  and  homologues 
diamidostilbene,  etc. 

Diamidostilbene  .  . 


Benzidine  and  tolidine . 


Tolidine 


Benzidine    and  homologues 
and  their  sulpho-  acids. 


Benzidine,  tolidine,  diamido- 
stilbene, diamidophenol 
ethers  and  sulpho-  acids. 

Aromatic  monamines, 
amidoazo-  compounds  and 
their  sulpho-  acids. 


Pheuol,  Amine,  or  Sulphonic 
acid 


Meta-oxytoluic  acid 


Two  mols.  ^-naijhthol- 
S-monosulpho-  acid  or 
of  a-naphtbol-  di-  sul- 
pho- acid  (Sell.).  Or 
1  mol.  5-  or  Sch.-  acid 
and  a  second  mol.  of 
a-  or  /3-  naphthol  or 
their  sulpho-  acids. 

Phenols,  amidosulpho- 
or  carboxy-  acids. 

Amnies,  phenols,  and 
their  sulpho-  acids. 

Bismarck  brown  . 


Cresotinic  and  a-oxy- 
naphthoic  acid. 

One  mol.  a-naplitholdi- 
sulpho-acid  (Sch.)  and 
a  second  mol.  of  an- 
other amine,  phenol, 
or  sulpho-  acid. 

New  a-naphtholdisul- 
pho-  acid. 

Two  similar  or  dissimilar 
amines,  phenols,  or 
sulpho-  acids. 

a-naphtholdisulpho-acid 
of  Germ.  pat.  45776, 
above. 

Two  mols.  of  the  a-napli- 
tholdisulphonic  acid  of 
pat.  4.j770  of  March  10, 
or  one  mol.  of  this  and 
a  second  mol.  of  a  dis- 
similar sulplionic  acid. 

Two  mols.  of  the  a-naph- 
tholdisulphonic  acid  of 
pat.  45776  of  March  16, 
or  one  mol.  of  this  and 
a  second  mol.  of  dis- 
similar amine,  phenol, 
or  sulphonic  acid. 

a-Amidonaphthaleno-  e- 
disulphonic  acid. 


Dioxytolueno  and  homo- 
logues, substitution 
products  and  sulpho- 
acids. 

a-naphtholdisulpho-acid 
of  Eng.  pat.  4025, 
above. 

New  a-naphtholdisul- 
pho-  acid,  above. 


Patentee  and  reference 


Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  44906,  2nd  add. 

to  31658,  June  14,  1884,  B. 

1888,  p.  814. 
Farb.  vorm.  F.  Bayer  &  Co., 

Eng.  pat.  1.340,  S.  C.  1. 1889, 

p.  41. 


E.  Williams,  Eng.  pat.  1593, 

S.  C.  I.  1889,  p.  279. 
Farb.  vorm.  F.  Bayer  &  Co., 

Germ.  pat.  44784  ;  add.  to 

33088,  Jan.  20,  1885,  B.  1888, 

p.  874. 

Farb.  vonn.  F.  Bayer  &  Co., 

Germ.  pat.  47067,  B.  1889,  p. 

313.    2nd  addition  to  40804, 

Nov.  10,  1887. 
Nietzki,    Germ.   pat.    40203  ; 

add.  to  44170,  Nov.  10,  1887, 

B.  1889,  p.  117. 
Actiengesell.     f.  Anilinfab., 

Germ.  pat.  45342  ;  2nd  add. 

to  40954,  Jan.  28,  1886,  B. 

1888,  p  919. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  45776,  B.  1888, 
p.  93  7. 

Kalle  &  Co.,  Germ.  pat.  45371, 
B.  1888,  p.  922. 

Actiengesell.  f.  Anilinfab., 
Eng.  pat.  4625,  S.  C.  I.  1889, 
p.  280. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  46971,  B.  1889,  p. 
310.  4th  addition  to  39766, 
May  22,  1886. 


Actiengesell.  f.  Anilinfab., 
Germ.  pat.  47008,  B.  1889,  p. 
312.  3rd  addition  to  40954, 
Jan.  28,  1886. 


Actiengesell.    f.  Anilinfab., 

Germ.  pat.  46953,  B.  1889,  p. 

311.    0th  addition  to  28763, 

Feb.  27,  1884. 
E.  WilHams,  Eng.  pat.  5404, 

S.  C.  I.  1889,  p.  280. 


Actiengesell.  f.  Anilinfab.. 
Eng.  pat.  5909,  S.  C.  I.  1889^ 
p.  280. 

Actiengesell.  f.  Anilinfab., 
Eng.  pat.  5910,  S.  C.  1. 1889, 
p.  281. 
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AZO-  COLOUUING  MATTERS. 
Patents  kelating  to  Azo-  Colouring  Matters— co?!<i;i7«;(f. 


Compound  diazotised 


April  28  .  Sulpho-  acids  of  moQO-  and 
j    dithio-  p-  toluidine. 

May  5    .  One  mol.  of  benzidine  and 
homologues. 


June  1  .  Compounds  formed  by  com- 
bining diazotised  amido- 
phenols  and  their  sulpho- 
acids  with  o-naphthyl- 
amine. 

June  23  .  Sulphanilic  acid,  &c.  . 


July  3    .  Azo-  colours  derived  from 
Eesorcinol  converted  inJ;o 
nitroso-  derivatives. 
Aug.  23  .  Diamidocarbazol. 


Aug.  31  .  Amidoazo-  compounds  con- 
densed by  means  of  phos 
gene. 

Sept.  14 .  Diamidostilbene 


Oct.  30  .  Benzidine  and  homologues 
(1  mol.) 


Phenol,  Amine,  or  Sulplionic 
acid 


Phenols  and  their  sul- 
pho- acids. 

One  mol.  of  dioxytolu- 
ene  and  a  second  mol. 
of  a  dissimilar  dioxy- 
compound. 

;8-naplitholmonosulpho- 
acid  (Schiiffer's),  ^- 
naphtholdi  -  sulpho  - 
acid  (E.  salt),  a-naph- 
tholmonosulpho  -  acid 
(Nev.  &  Win.). 

Tetrazo-compound  from 
benzidine,  salicyhc 
acid  and  resorcinol. 


Two  similaror  dissimilar 
amines,  phenols,  sul- 
phonic  or  carboxylic 
acids. 


One    mol.  /3-naphthyl- 

aminedisulphonic  acid 
K..  and  one  mol.  of  a- 
or  /3-  naphthylamine, 
or  their  mono-sul- 
phonic  acids. 
Two  mols.  of  an  amidp- 
sulphonic  acid  after- 
wards substituted  by 
two  mols.  of  an  amine 
or  phenol. 


Patentee  and  reference 


Farb.  vorm.  P.  Bayer  &  Co., 
Eng.  pat.  6319,  S.  C.  I.  1888, 
p.  020. 

K.  Williams,  Eng.  pat.  6743, 
S.  C.  I.  1889,  p.  281. 


Oehler,  Germ.  pat.  45994,  B. 
1889,  p.  82. 


Actiengesell.  f.  Anilinfab., 
Germ.  pat.  46328,  B.  1889, 
p.  117  ;  also  add.  46501,  B. 
1889,  p.  178. 

St.  V.  Kostanecki,  Germ.  pat. 
46479,  B.  1889,  p.  215. 

Badische  An.  &  Soda-Fab., 
Germ.  pat.  46438,  B.  1889,  p. 
177. 

Badische  An.  &  Soda-Fab., 
Germ.  pat.  46737,  B.  1889, 
p.  179. 

Actiengesell.  f.  Anilinfab., 
Germ.  pat.  47026,  B.  1889,  p. 
310.  3rd  addition  to  39756, 
May  22,  1886. 


E,  Williams,  Eng.  pat.  15654, 
S.  C.  I.  1889,  p.  281. 
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AZODIPHENYL  BLUE  v.  Indulin. 

AZO-ERYTHRIN  v.  Archil. 

AZOFLAVIN  V.  Azo-  colouring  matters. 

AZOLITMIN.  A  substance  assumed  by  Kane 
to  exist  in  litmus  (A.  39,  25). 

AZOORSEILLIN  v.  Azo-  colouring  matters. 

AZOPHENIN  V.  Inddlin. 

AZOPHOSPHINES  v.  Azo-  colouring  mat- 
ters. 

AZO-RED  V.  Azo-  colouring  matters. 

AZORUBIN  V.  Azo-  colouring  matters. 

AZO-VIOLET  V.  Azo-  colouring  matters. 

AZOTE.  Aname  given  to  nitrogen  by  Lavoisier, 
and  hence  commonly  used  in  French  literature 
to  designate  that  element. 

AZOrOMETER.  A  term  applied  by  W.  Knop 
to  an  apparatus  designed  to  measure  the  nitrogen 
evolved  by  the  action  of  sodium  hypochlorite  or 
hypobromite  on  ammonium  salts  and  certain 
organic  substances. 

AZOTINE.  An  explosive  made  in  Austria- 
Hungarv  (S.  C.  I.  4,  366). 

AZOXYBENZENE  C,,H,„N20.  A  product  of 
the  partial  reduction  of  nitrobenzene  with  alco- 


holic potash  (Zinin,  J.  pr.  30,  93 ;  Schmidt 
and  Schultz,  A.  207,  325;  B.  12,  484),  or  with 
sodium  amalgam  containing  3-8  p.c.  of  sodium 
(Alexejefi,  J.  1864,  525 ;  Moltschanowsky, 
C.  J.  42,  965  ;  B.  15,  1575). 

Prajparaiion. — Azoxybenzene  is  best  prepared 
by  dissolving  1  part  of  sodium  in  25  parts  of 
methyl  alcohol,  adding  3  parts  of  nitrobenzene 
and  heating  for  5  to  6  hours  on  a  water-bath  in 
a  Hask  provided  with  a  reversed  condenser.  The 
methyl  alcohol  is  then  distilled  off  and  the  residue 
treated  \yith  water,  which  dissolves  the  sodium 
formate  formed  in  the  reaction,  and  leaves  the 
azoxybenzene  as  a  yellow  oil ;  this  soon  solidi- 
fies, and  is  obtained  pure  by  one  crystallisation 
from  alcohol  (Klinger,  B.  15,  866;  Molt- 
schanowsky, I.e.  and  B.  16,  81 ;  Klinger,  B.  16, 
941,  footnote). 

Azoxybenzene  or  its  homologues  can  be  ob- 
tained by  heating  nitrobenzene  or  the  corre- 
sponding nitro-  compound  with  an  equal  weight 
of  zinc-dust  and  of  an  aqueous  solution  of  cal- 
cium chloride  boiling  at  130° ;  aqueous  solutions 
of  other  salts  may  be  employed,  and  the  reaction 
ensues  at  the  boiling-point  of  the  aqueous  solu- 
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tion  (v.  Dechencl,  Germ.  pat.  43,2.30,  February 
9,  1887). 

Properties.  —  Azoxybenzene  crystallises  in 
pale  yellow  rhombic  needles,  melts  at  36°,  and 
is  soluble  in  alcohol  and  ether,  insoluble  in  water. 
When  heated  with  non-volatile  substances,  such 
as  iron  filings,  it  decomposes  into  aniline  and 
azobenzene.  Weak  reducing  agents,  such  as 
sodium  amalgam  in  alcoholic  solution,  co.i vert  it 
into  hydrazobenzene  (Alexejeff,  J.  1867,  503)  ; 
but  more  powerful  agents,  such  as  zinc  chloride 
in  acid  solution,  reduce  it  chiefly  to  aniline,  a 
small  quantity  of  hydrazobenzene  and  bases 
derived  from  it  by  molecular  changes  being  also 
formed.  (Sclimidt  and  Schultz).  Azobenzene 
yields  two  isomeric  nitroazoxybenzenes  when 
heated  with  concentrated  nitric  acid  (Zinin,  A. 
Ill,  217),  and  when  heated  with  concentrated 
sulphuric  acid  to  a  moderate  temperature  is  con- 
verted into  the  isomeric  hydroxyazobenzene 
(Wallach  and  Kiepenheuer,  B.  14,  2617). 

In  addition  to  azoxybenzene  other  azoxy- 
compounds  have  been  prej^ared  by  reducing  the 
corresponding  nitro-  derivatives  either  with 
sodium  amalgam  in  methyl  alcohol  solution  or 
with  zinc-dust  and  soda  (cf.  Limpricht,  B.  18, 
1405;  Klinger  and  Pitschke,  B.  18,  2.553; 
Janovsky  and  Keimann,  B.  22,  41 ;  v.  Dechend, 
I.e.).  The  azoxy-  compounds  derived  from  meta- 
nitraniline,the  nitrotoluidines  melting  at  78°  and 
107',  and  the  nitroxylidine  melting  at  123° 


yield,  when  diazotised  and  combined  with 
phenols,  amines  or  their  sulplionic  acids,  a  class 
of  yellow,  orange  or  red  azo-dyes,  which  can  be 
employed  for  cotton  and  wool  (Poirrier  and 
Eosenstiehl,  Germ.  pat.  44,045,  July  27,  1887 ; 
44,554,  September  6,  1887). 

AZOXY-  COLOURING  MATTERS.  The  only 
member  of  this  group  of  dyes  of  any  importance 
is  the  sodium  salt  of  azoxystilbene-disulphonic 
acid  CijH„N.jO(SO;,Na).2  obtained  by  boiling 
2J-nitrotoluene-sulphonic  acid  with  caustic  soda. 
Known  in  coimmerce  as  '  sun  yellow '  or  '  maize.' 
Brown  powder,  soluble  in  water  with  brown- 
yellow  colour ;  violet  solution  with  sulishuric 
acid  (Schultz  a.  Bender,  B.  19,  3234). 

AZULIN.  Blue  colouring  matter,  contained 
in  certain  essential  oils  ;  e.g.  chamomile,  mille- 
folium, and  wormwood. 

AZULINE  V.  AuRiNE. 

AZULINE  YELLOW.  A  colouring  matter, 
obtained  by  nitrating  azuline  or  azuline-sul- 
phonic  acid  (Machenhauer,  G.  P.  29,064,  April 
8,  1884  ;  expired  June  1885). 

AZURE  V.  Pigments. 

AZURIN  C,-H,,,Nj03.  Obtained  by  heating 
salicylic  aldehyde  with  o-tolylenediamine. 
Colourless  tables,  giving  blue  fluorescent  solu- 
tions (Ladenburg,  B.  11,  596). 

AZURINE  V.  AuEiNE. 

AZURITE     Lazhlite  and  Coppeb. 

AZYLIN  V.  Azo-  coliiueing  matters. 
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BABBIT'S  METAL.  An  alloy  of  25  parts  tin, 
2  parts  antimony,  and  0'5  part  copper,  used  as 
an  anti-attrition  metal  v.  Antisiony. 

BABLAH  or  V/EB-NEB.  Commercial  names 
for  fruits  of  several  species  of  acacia;  used  in  the 
East,  in  combination  with  alumina  and  iron  mor- 
dants, to  produce  various  shades  of  drab  and 
fawn  colour  in  calico  printing.  East  Indian 
bablah  is  obtained  from  Acacia  Bambolah ; 
Senegal  and  Egyptian  bablah  from  Acacia  Nilo- 
tica.  The  aqueous  extracts  contain  a  red  colour- 
ing matter  together  with  considerable  quantities 
of  gallic  and  tannic  acids. 

BABUL  BARK.  The  bark  from  Acacia  ara- 
bica,  the  babul  tree  of  Bengal.  Used  in  India  as 
a  tanning  material. 

BAB  jL  GUM.  An  inferior  kind  of  gum 
aral)ic  from  Acacia  arabica.  Known  also  as 
'  Bengal  gum  '  or  '  Gond  babul.' 

BADAM  KOHSE  v.  Apricot  oii,. 

BAEL  fruit.  The  diied  half-ripe  fruit  of 
jl'lgle  Marmelos,  from  Malabar  and  Coromandel ; 
is  used  in  diarrh(ea  and  dysentery,  and  the 
fresh  pulp  is  sometimes  employed  as  a  laxative. 

BAKING  POWDERS.  Are  chiefly  used  as 
substitutes  for  yeast.  A  common  form  is  pre- 
pared by  mixing  lb.  of  tartaric  acid  with  lb. 
each  of  bicarbonate  of  soda  and  potato  farina. 

Delfonte's  is  made  from  \  lb.  tartaric  acid, 
\  lb.  alum,  ^  lb.  bicarbonate  of  soda,  1  lb.  of 
farina,  and  3  oz.  of  sesquioarbonate  of  am- 
monia (Cooley's  Encyclopedia,  1,  373). 


Goodall's  powder  is  a  mixture  of  2  parts  of 
rice  iiour  with  1  part  of  a  mixture  of  tartaric 
acid  and  sodium  bicarbonate. 

Davis  (Eng.  pat.  1,249,  1879)  prepares  a 
powder  from  acid  ammonium  phosphate  and 
bicarbonate. 

Weitz  (B.  0.  1880,  389)  employs  phosphoric 
acid  5'1  grams,  sodium  carbonate  8'7  grams, 
and  flom-  to  make  up  to  1,000  grams. 

Horsford  (Eng.  pat.  2,875,  1880)  uses  dried 
phosphoric  acid  and  bicarbonate. 

Avery  (Am.  pat.  235,615,  1880)  claims  the 
use  of  a  mixture  of  acid  calcium  lactate  and 
alkaline  carbonates  and  bicarbonates. 

M'Donald  (Eng.  pat.  306,  1884)  substitutes 
acid  sulphate  of  potash  or  soda  for  the  tartaric  acid 
or  cream  of  tartar  generally  employed,  the  pro- 
portions suggested  being  1  to  2  oz.  of  flour,  1  oz. 
of  acid  carbonate,  and  1  to  It?  oz.  of  acid  sulphate 
of  potash  or  soda. 

BAKUIN.  Russian  mineral  machine  oils ; 
recommended  for  lubricating  heavy  machinery 
on  account  of  their  high  viscosity  and  great 
power  of  resisting  cold  (Seifensied.  Zeit.  31, 
366  ;  32,  378  ;  S.  C.  I.  3,  181). 

BAKUOL.  A  name  given  by  Mendeleef  to 
an  illuminating  oil,  prepared  from  the  crude 
oils  of  Baku  by  mixing  ordinary  kerosene  of 
sp.gr.  0-82  to  0-83  and  flashing-point  20"  to 
30°,  with  the  so-called  intermediate  oil,  which 
has  a  sp.gr.  of  0-86  to  0-88  at  15°,  and  is  not  in- 
flammable at  100°.    The  mixture  has  a  sjj.gr.  of 
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0-84  to  0-85,  and  flashes  at  temperatures  varying 
from  50°  to  70°.  From  100  parts  crude  naphtha 
20  to  30  parts  of  kerosene  and  10  to  20  parts  of 
intermediate  oil  can  be  obtained. 

The  following  table  gives  the  sp.gr.,  flashing- 
point,  and  luminiferons  value  of  four  bakuols 
examined  by  Tlimow : 


Speci- 
men of 
oil 

Sp.gr. 

at 

n-=&G. 

Plashing 
point  at 
760  mm. 

Candle- 
power 

Consumption  per 
hour  in  Russian  lbs. 

For  the 
lamp 

Per 
candle- 
power 

No. 

1 

0-8280 

36-OC. 

7-40 

0-0588 

0-0080 

2 

0-8310 

37-5 

10-40 

0-0033 

0-0060 

3 

0-8360 

39-5 

9-84 

0-0633 

0-0064 

4 

0-8310 

49-5 

8-30 

0-0675 

0-0081 

(Lit. :  Mendeleef,  Zeitschr.  Technik,  1886,  No. 
109  ;  C.  Z.  1883,  231  ;  Ilimow,  C.Z.  10,  1,4.59  ; 
S.  C.  I.  2,  238 ;  5,  661 ;  6,  135)  v.  Petroleum, 

EDSSIA-N. 

BAXUBIN.  A  lubricating  oil,  prepared  by 
mixing  100  parts  of  crude  Baku  oil  with  25  parts 
of  castor  oil  and  60  to  70  parts  of  sulijhuric  acid 
of  66°  B.  After  standing  the  mixture  is  stirred 
two  or  three  times  -with  water,  the  water  run  off, 
and  the  oil  treated  with  soda  or  jootash  (Miiller, 
G.  P.  35,141,  6  Sept.  1885  ;  D.  P.  J.  260,  240). 

BALANCE.  A  generic  term,  designating  a 
variety  of  machines  for  ascertaining  the  weight  of 
a  body  in  terms  of  the  weight,  at  the  time  and  place, 
of  a  standard  «!a.ss  (gram,  ounce,  pound,  &c.),and 
thus  determining  its  mass.  By  means  of  a 
balance  and  a  set  of  '  weights,'  we  ascertain  that 
a  body  has  P  times  the  weight  of  the  unit  piece 
of  the  set,  and  conclude  that  its  mass  is  P  times 
the  mass  of  this  piece  likewise,  whatever  the 
chemical  nature  of  the  body  may  be.  In  justifi- 
cation of  this  inference  we  might  refer  to  New- 
ton's pendulum  experiments,  or  to  the  often 
proved  chemical  axiom  that  the  weight  of  any 
body  or  set  of  bodies  is  independent  of  the 
state  of  combination  of  its  elements.  But  from 
the  standpoint  of  the  chemist  it  is  sufficient  to 
know  that,  supposing  even  each  element  had  its 
own  factor  for  converting  '  weight '  into  mass,  it 
would  still  follow  that  the  weight  of  a  body, 
however  complex,  is  equal  to  the  sum  of  the 
weights  of  what  in  any  sense  we  may  call  its 
'components,'  and  that  the  ratio  of  the  weight 
W]  of  a  body  of  fixed  elementary  composition  to 
the  weight  of  another  body  of  even  a  dif- 
ferent fixed  composition  is  as  constant,  although 
perhajis  not  equal  to  the  ratio  of  the  masses  M, : 
Mj.  Of  all  balances  the  equal-armed  lever 
balance,  often  called  '  tJie  balance  '  par  excel- 
leyice,  is  by  far  the  most  important. 

The  balance  exists  in  a  variety  of  forms, 
which,  however,  all  seek  to  realise  the  same  ideal 
machine.  An  absolutely  rigid  beam,  so  sus- 
pended that  whilst  it  can  rotate  freely  about  a 
certain  axis  (which  goes  across  it  somewhere 
above  its  centre  of  gravity,  and  of  which  every 
point  holds  a  fixed  position  in  reference  to  the 
stand)  it  is  not  capable  of  any  other  motion. 
From  two  points,  a  and  b,  which  lie  in  the  same 
plane  as  the  axis  of  rotation — one  near  the  left, 
the  other  near  tlie  right  end  of  the  beam — the 
pans  are  suspended  by  means  of  absolutely 


flexible  linear  strings,  a  and  h  are  equidistant 
from  the  axis  of  rotation.  So  far  all  balances 
are  alike.  In  now  passing  to  the  actual  instru- 
ment, we  shall  confine  ourselves  in  the  main  to 
the  class  of  balances  known  as  precision 
balances. 

Of  the  difficulties  involved  in  the  construc- 
tion of  such  balances,  that  of  producing  a  suffi- 
ciently light  and  yet  practically  inflexible  beam 
seems  to  have  rested  most  heavily  on  the  minds 
of  the  earlier  makers ;  but  there  can  be  no 
doubt  that  many  of  their  efforts  in  this  direction, 
which  occasionally  resulted  in  what  we  should 
now  call  fantastical  beam-forms  (hollow  ellip- 
soids, monstrous  skeleton-forms,  Ac),  must  be 
traced  back  to  their  inability  to  reach  a  sufficient 
degree  of  precision  in  the  geometric  adjustment 
of  the  three  pivots,  and  to  their  charging  against 
the  flexibility  of  the  beam  what  was  really  owing 
to  these  defects  in  the  adjustment.  As  these 
difficulties  were  overcome,  beams  assumed  less 
fantastic  forms.  Sacr6  of  Brussels,  we  believe, 
never  uses  any  but  plain  rod-shaped  beams  (only 
perforated  in  the  middle  to  insert  the  bearing 
of  the  central  knife).  Most  balance  makers, 
however,  prefer  the  foi-m  of  a  largely-perforated 
rhombus  or  isosceles  triangle  (cut  out,  virtually, 
of  a  plate  of  metal),  and  thus  attain  all  that  is 
needful  without  offending  the  eye  by  unduly 
stretching  the  middle  section,  and  without  using 
anything  more  intrinsically  rigid  than  ham- 
mered brass  or  some  kind  of  bronze.  In  reference 
to  ordinary  chemical  balances  (for  charges  up  to 
say  100  grams),  it  would  be  no  gi-eat  exag- 
geration to  say  that  any  reasonably-made  beam 
is  sufficiently  rigid  ;  only  in  the  case  of  balances 
intended  for  very  high  charges,  such  as  5-10 
kilogrammes,  is  it  at  all  worth  while  to  employ 
refinedly-designed beam-forms,  or  to  look  out  for 
a  material  of  exceptionally  high  rigidity.  For 
these  particular  balances  hard  steel  would  be 
the  best  material ;  but,  unfortunately,  steel 
beams  are  apt  to  become  magnetic.  With  small 
assay-balances  intended  for  charges  up  to,  say, 
5  grammes,  on  the  other  hand,  the  question  of 
rigidity  is  practically  out  of  court,  and  the  use 
of  an  exceptionally  light  material— such  as  alu- 
minium, or,  better,  that  alloy  of  95  parts  of 
aluminium  and  5  of  silver  (which  Sartorius  of 
Gottingen  uses  for  small  balances  generally)  is 
indicated.'  In  all  balances  the  axis  of  rotation 
is  realised  in  a  straight  knife-edge  groimd  to  a 
prism  of  hard  material,  which  is  firmly  fixed  to 
the  beam,  traversing  it  crosswise  and  resting  on 
a  hard  bearing.  In  ordinary  balances  the  middle 
knife  is  simply  driven  through  the  beam,  and 
only  its  two  ends  are  supported  in  cylindrical, 
or,  what  is  better,  roof-shaped  bearings,  which 
form  secures  to  the  edge  a  sufficient  fixity  of 
position,  forward  and  back-sliding  being  pre- 
vented by  cutting  off  the  ends  of  the  knife 
obliquely,  so  that  the  edge  terminates  in  two 
points,  and  closing  the  bearing  at  each  end  by 
a  steel  plate  so  that  the  knife  has  just  room  be- 
tween without  jamming.  In  suspended  balances 
the  central  bearing  is  fixed  at  the  lower  end  of  a 
light  framework,  terminating  above  in  a  hinged- 
on  ring  for  suspending  the  instrument  from  a 
fixed  hook  or  the  thumb  of  the  operator. 

'  For  a  fuller  discussion  of  this  subject  v.  the 
writer's  Memoir  (Bib.  6,  p.  322). 
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In  all  precision  balances  the  central  bearing 
is  attaclied  to  a  tixed  pillar,  and  is  plane ;  iu  tbe 
best  balances  the  bearing  is  made  of  one  iDieco, 
and  the  central  knife-edge  rests  upon  it  in  its 
entire  length.  A  plane  bearing  necessarily  in- 
volves an  arrestment  so  constructed  that,  besides 
doing  its  primary  duty,  it  assigns  to  each  point 
of  the  central  knife-edge  a  fixed  position  on  its 
bearing.  In  former  times  hard  steel  was  used 
exclusively  for  both  knives  and  bearings  ;  sub- 
sequently agate  bearings  came  to  be  combined 
with  steel  knives.  Kobinsou  of  London  was 
the  first  to  make  both  knives  and  bearings  of 
agate.  The  agate  knife  adds  nothing  to  the  pre- 
cision of  a  newly -made  balance,  but  it  always 
remains  clean,  while  a  steel  knife,  in  a  chemical 
laboratory  more  esj^ecially,  is  apt  to  rust.  Steel 
knife-edges  are  generally  ground  to  an  angle  of 
60°  (or  90°  for  very  heavy  charges).  In  agate 
knives,  as  made  by  Oerthng,  only  the  body  of 
the  agate  prism  is  ground  to  00°,  while  the  edge 
is  formed  by  two  narrow  facets,  inclined  to  each 
other  at  a  far  more  obtuse  angle.  Such  an  ob- 
tuse edge  stands  many  years'  constant  use  with- 
out wearing  out.  Quite  lately  an  American 
maker  has  introduced  the  artificially  made 
osmium-iridium,  which  is  used  for  the  tipping  of 
stylograph  pens,  as  a  material  for  both  knives 
and  bearings. 

For  the  realisation  of  the  two  point-pivots  a 
and  B,  a  great  many  combinations  have  been  in- 
vented. A  now  obsolete  construction  of  Weber's 
(Bib.  2)  adapts  itself  very  closely  to  our  ideal 
conception.  He  jsrovides  the  beam  at  its  two  ends 
with  knife-edges  turned  sideways  and  suspends 
the  pans  by  means  of  threads  of  unspun  silk 
which  are  fixed  somewhere  in  the  back  of  the 
beam  and  hang  over  the  edge.  The  axis  of  ro- 
tation is  realised  similarly.  In  ordinary  balances, 
as  a  rule,  a  vertical  slit  is  cut  into  each  end  of 
the  beam,  and  this  is  traversed  by  a  short  pris- 
matic knife,  the  edge  of  which  is  a  circular  arc 
of  small  radius  which  stands  perpendicular  to 
the  line  A  b.  From  each  such  knife  the  pan  is 
suspended  by  means  of  an  8  or  2-shaped  steel 
hook.  This  construction,  if  well  executed,  may 
afford  high  precision,  but  the  suspender-hook 
is  apt  to  rub  against  the  sides  of  the  slit  in  the 
beam.  Hence,  wherever  the  hook-and-eye  ar- 
rangement is  adopted  for  precision  balances,  it  is 
modified  in  this  sense,  that  the  knife-edge  forms 
a  circle  of  relatively  large  radius  which  lies  en- 
tirely outside  the  body  of  the  beam.  This  system, 
compared  with  those  considered  in  the  sequel, 
offers  tlie  advantage  of  easy  adjustment.  It  used 
to  be  very  popular  with  balance-makers,  and 
many  excellent  instruments  have  been  produced 
with  it  especially  by  Deleuil  of  Paris.  For  small 
assay-balances  it  is  indeed  probably  as  good  as 
any  other  that  could  be  named  ;  for  balances  in- 
tended for  higher  charges  it  does  not  possess 
sufficient  durability,  although,  as  the  writer  is 
able  to  say  from  his  own  experience,  if  well 
made,  it  lasts  better  than  is  generally  supposed. 
In  modern  balances  it  is  I'arely  seen  ;  in  these, 
as  a  rule,  the  pans  are  suspended  from  long 
straight  knife-edges,  similar  to  the  central  one, 
by  means  of  broad  bearings  which,  of  course, 
must  be  arranged  so  that  they  neither  twist  nor 
slide.  A  very  efficient  and  easily-made  arrange- 
ment is  to  give  the  bearing  the  form  of  a  roof 


cut  and  of  one  side  of  a  prismatic  block  of  steel 
or  agate,  and  to  fix  it  to  the  upper  end  of  a 
stirrup-shaped  or  "^-shaped  holder  which  ter- 
minates below  in  an  eye,  from  which  the  pan 
is  suspended  by  a  suitable  hook.    The  eye  stands 
at  right  angles  to  the  knife-edge ;  its  working 
point,  when  the  instrument  is  in  use,  lies  vertically 
below  the  centre  of  the  respective  end-edge,  and 
the  eiiect  is  the  same  as  if  the  whole  of  the  load 
were  concentrated  in  that  one  centre-point,  al- 
though the  pressure  of  the  bearing  on  the  knife 
I  is  equally  distributed  over  the  whole  of  its  working 
;  length.    This  hook-and-eye  arrangement  is  abso- 
I  lutely  indispensable  if  the  pans  are  suspended 
I  by  stiff  stirrups,  becau.se,  if  these  were  rigidly 
I  connected  with  their  bearings,  the  virtual  point 
j  of  application  of  the  load  would  shift  forwards 
i  and  backwards  on  the  edge,  and  the  least  want 
1  of  parallelism  between  it  and  the  axis  of  rota- 
'  tion  would  cause  the  balance  to  give  inconstant 
!  readings. 

These  roof-shapied  bearings,  until  some  10  or 
15  years  ago,  were  used  almost  exclusively  by  all 
j  German  makers,  although  an  undoubtedly  su- 
i  perior  system  had  been  introduced  successfully 
!  by  Kobinson  of  London  many  years  before.  In 
I  it  the  pans  are  suspended  by  plane  bearings 
I  which  a  suitable  extension  of  the  arrestment 
1  keeps  in  their  right  positions.  Eobinson's  ba- 
I  lances  were  justly  famous  in  Great  Britain  -  a  few 

■  of  them  are  still  working  to  this  day — yet,  after 
]  Robinson's  death,  Oertling  was  almost  the  only 
j  balance-maker  who  followed  him  in  this  re- 
spect. The  general  plea  against  the  system 
was  that  flat  end-bearings  were  liable  to  twist ; 
and  some,  after  having  adopted  Robinson's  plan, 
'  improved '  upon  it  by  cutting  out  a  central 

I  portion  of  each  end-knife,  so  that  it  worked  only 
I  with  its  two  ends ;  piroving  thereby  that  they 
I  did  not  understand  their  business,  because  a 
I  really  plana  bearing,  as  a  matter  of  fact,  does 
I  not  twist  on  a  really  straight  knife-edge,  even  if 
I  the  pan  oscillates  strongly.    The  principal  ad- 
vantage of  the  Robinson  system  is  that  it  enables 
I  one  to  do  what  the  roof-shapeil  bearing  pro- 
hibits, namely,  to  satisfy  himself  that  the  knives 
and  bearings  are  geometrically  perfect.  But  here, 
as  in  all  analogous  cases,  we  must  not  forget  that 
i  the  excellence  of  an  instrument — supposing  it  to 
:  be  based  on  a  reasonable  system — depends  far 

■  more  on  the  skill  of  the  malver  than  on  the 
I  theoretical  perfection  of  the  design. 

I  From  the  bare  realisation  of  the  ideal 
j  machine,  we  now  pass  to  the  accessories  which 
I  a  balance  needs  in  order  to  become  a  convenient 
j  instrument,  and  we  will  consider  these  in  the 
!  order  of  their  importance. 

TJie  arrestment  is  a  mechanical  contrivance 
to  enable  the  beam  to  be  arrested  at  any  point  of 
its  angular  motion,  and  to  bring  it  to  permanent 
rest  in  its  ^normal '  position,  in  which  the  plane 
of  three  axes  stands  horizontal.  If  the  three 
pivots  are  self-adjusting,  there  is,  strictly  speaking, 
no  need  of  an  arrestment ;  still  for  the  rapid 
execution  of  precise  weighings  it  is  almost  in- 
dispensable. 

If  the  central  bearing  forms  part  of  a  suspended 
frame,  an  arrestment  is  easily  devised  in  the 
ways  illustrated  by  figures  1  and  2.  Fig.  1  ex- 
plains itself ;  in  fig.  2  the  balance  is  hinged  on 
to  the  bent-down  end  of  a  flat  bar  which  slides 
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up  and  down  in  guides  fixed  to  the  pillar  between 
two  beds  of  rollers  2  x  2  in  the  guides  on  the 
front  side  of  the  bar,  and  one  which  is  pressed 
against  its  back  by  a  spring.  At  its  lower  end 
the  bar  has  a  small  wheel  whicli  rests  on  the 


Fig.  1. 

shorter  end  of  the  hinged  lever  by  means  of 
which  the  balance  is  raised  or  lowered.  A  small 
vertical  adjusting  screw  below  the  shorter  end 
of  the  lever  defines  the  lowest  position  of  the  bar 
at  which  the  pans  just  touch  the  table  without 
slackening  the  chains.  In  either  case  it  is  an 
improvement  to  suspend  a  heavy  block  of  metal 
at  the  lower  end  of  the  frame,  to  compel  it  to 
hang  plumb,  and  to  hinder  it  from  oscillating. 
The  specific  advantage  of  suspended  balances  is 
that  they  need  no  horizontal  table  or  levelling 
screws  at  the  board  on  which  they  may  be  erected. 
But  pillar-balances  are  on  the  whole  more  con- 
venient. In  the  case  of  these  (supposing  plane 
bearings  to  be  absent)  a  good  system  is  to  fix 


Fig.  2. 

the  central  bearing  to  the  top  of  a  rod  which 
slides  up  and  down  within  the  pillar -  properly 
guided  to  prevent  shaking  and  rotatory  motion  — 
and,  vfith  its  lower  end,  rests  on  an  eccentric 
concealed  in  the  sole  and  governed  by  a  lever-  or 
disc-shaped  handle.  The  eccentric  must  be  so 
adjusted  that  when  it  is  at  one  of  its  extreme 
positions,  tlie  pans  just  touch  the  board  and  no 
more,  while,  when  it  is  in  its  other  extreme 
position,  the  beam  is  at  its  maximum  angle  of 
free  play.     In  the  excellent  Tarirtvaagen  of 


Messrs.  Becker's  Sons,  Rotterdam,  this  system  of 
arrestment  is  realised  to  perfection. 

The  system  need  only  be  sUghtly  modified  to 
adapt  itself  to  the  case  of  a  plane  central  bearing, 
but  we  prefer  to  at  once  pass  to  the  case  of  tliree 
plane  bearings,  and  in  doing  so  cannot  do  better 
than  describe  a  balance  (for  charges  up  to  5 
kilos.)  which  Mr.  Oertling  made  for  us  some  years 
ago.    As  shown  by  fig.  3,  the  instrument  rests 


Fig.  3. 

on  three  piUars  standing  on  a  hollow  square 
block  of  iron  which  conceals  the  eccentric. 
Firmly  fixed  to  the  top  ends  of  the  pillars  is  a 
substantial  brass  frame  which  terminates  at  its 
two  ends  in  V-shaped  supports  for  the  end- 
bearings.  These  latter  are  agate  plates  cemented 
each  to  the  horizontal  bar  of  a  kind  of  stu'rup, 
the  bar  terminating  on  each  side  in  a  cylindrical 
steel  pin  which,  when  the  balance  is  at  rest,  lies 
in  the  corresponding  V  of  the  frame.  The  central 
pillar  conceals  a  movable  steel  rod,  provided  at 
its  lower  end  with  a  wheel  which  rests  on  the 
eccentric.  Its  upper  end  carries  a  substantial 
brass  block  which  divides  into  two  short  piers 
above,  whilst  it  expands  below  into  a  horizontal 
plate,  pierced  by  a  circular  pierforation  near  each 
end.  These  perforations  fit  exactly  around  two 
cylindrical  steel  pins,  r,  r,  fixed  to  the  top  plate 
of  the  pillars,  so  that  the  rod,  when  moving  up  or 
down, cannot  tumor  shake  in  the  slightest  degree. 
The  space  between  the  two  piers  is  bridged  over 
by  the  central  bearing,  a  plane  agate  plate  fixed  to 
a  prismatic  piece  of  brass,  which  is  dovetailed 
into  tlie  tops  of  the  piers,  so  that,  while  perfectly 
steady  when  in  its  place,  it  can  without  much 
effort  be  slid  out  or  in  (fig.  4).  It  is  inserted 
while  the  beam  is  being  held  in  its  intended 
position  and  passes  through  a  large  perforation 
in  the  beam  into  which  the  middle  knife  projects. 
The  beam  terminates  at  its  left  end  in  one,  at  its 
right  end  in  two,  horizontal  steel  pins  whose 
shoulders  are  continuous  but  rapidly  expanding 
surfaces  of  rotation,  and  these  pins  fit,  the 
single  one  into  a  notch,  the  couple  into  a  fork, 
forming  part  of  the  fixed  arrestmeut-frame.  In 
the  arrested  balance  each  bearing  is  almost  in 
contact  with  its  knife  ;  if  the  eccentric  be  now 
turned,  the  central  bearing  rises  and  lifts  the 
whole,  beams  and  end-bearings,  to  a  greater  or 
less  height,  and  ultimately  into  that  maximum 
height  at  which  the  eccentric  stands  stiU  without 
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being  held  in  its  position.  If  the  eccentric  be  now 
turned  the  other  way,  both  the  beam  and  the  end- 
bearings  fall  back,  ultimately,  into  their  prescribed 
positions  of  rest,  even  if  they  shoiild  have  twisted, 
which,  however,  they  never  do  in  the  instrument 
under  description.  For  a  balance  intended  for 
quick  work,  and  more  especially  for  one  used 
occasionally  for  the  weighing  out  of  predeter- 
mined quantities  of  solids  or  liquids,  this  system 


Fig. 


of  arrestment  is  the  best  that  we  know  of,  be- 
cause it  enables  the  instrument  to  be  handled 
pretty  much  like  an  ordinary  pair  of  scales  ;  only, 
to  be  able  to  do  so  to  the  best  advantage,  and 
without  spoiling  the  terminal  pivots,  the  pans 
must  be  suspended  by  tlexible  short-linked  chains 
whose  length  is  so  adjusted  that  the  pans  just 
touch  the  table  when  the  balance  is  fully  arrested. 
Stirrup-shaped  pan-suspenders  (as  represented 
in  the  figure)  are  more  convenient  than  chains 
in  many  respects,  but,  for  the  purpose  under 
consideration,  they  do  not  work  with  plane  end- 
bearings.  The  ratchet-wheel  visible  in  the  figure 
was  intended  to  enable  the  eccentric  to  be  arrested 
at  intermediate  positions  (in  taring  with  garnets 
and  similar  operations)  but  was  found  not  to 
work  satisfactorily;  it  is  simpler  and  better  to 
have  a  block  of  wood  so  adjusted  that  when  put 
under  the  handle  it  just  raises  the  beam  suf- 


ficiently to  enable  one  to  see  which  side  goes 
doi\n. 

Instead  of  fixing  the  arrestment-frame  to  the 
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III.  Section  tliroush  pillar  and  mifldle  Jmife  ; 
IV.  Horizontal  iirojection. 

Fig.  5. 


pillar  and  making  the  central  bearing  movable, 
we  may  of  course  do  the  reverse,  and  this  latter 
system,  indeed,  is  generally  preferred  for  pre- 
cision balances  of  a  higher  order. 
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The  kindness  of  Messrs;.  C.  Staudinger's 
Naclifolger,  of  Gicsscn,  Germany,  enables  us  to 
give  a  detailed  description  and  drawing  of  the 
kind  of  movable  frame-arrestment  ■which  they 
are  in  the  habit  of  applying  to  their  best  instru- 
ments. 

As  shown  by  fig.  5  (I.  to  IV.)  the  pillar  is 
hollow  and  accommodates  a  round  bronze  rod  r.  ] 
This  rod  itself,  however,  conceals  a  co-axial  round  ' 
rod  L  of  nickelled  steel.    The  bronze  rod  f,  at 
its  lower  end,  is  guided  by  perforated  blocks,  c,  e, 
fig.  I.,  while  at  its  upper  end  it  terminates  in  a  | 
thinner  cylinder  surrounded  by  a  gently  acting 
spiral  spring  n.    The  head  of  the  pillar  is  per-  [ 
forated  and  guides  the  attenuated  end  of  f  in 
its  up-and-down  motion.    The  inner  (steel)  rod, 
L,  is  guided  similarly  within  the  bronze  rod  r 
and  has  a  spring  i,  fig.  II.,  about  its  lower 
end  to  assist  its  natural  tendency  to  sink.  The 
two  rods  F  and  l  carry  two  independent  arrest- 
ment-bars ;  l  the  bar  t„  for  the  end-bearings,  f 
the  bar  t,  for  the  beam. 

A  square  pillar  k  (figs.  III.  and  IV.),  which 
rises  from  a  ijrolongation  of  the  head  of  the  stand 
pillar  s,  by  passing  through  perforations  in  the 
two  bars  t,  and  t„,  prevents  any  motion  of  these 
about  the  axis  of  their  rods.  As  shown  by 
fig.  IV.,  an  adjusting  screw,  passing  through  the 
bar,  and  a  flat  spring  t  on  one  side  of  the  square 
perforation  of  the  bar  (t,  or  T.,)  enforce  steadi- 
ness of  motion. 

The  upright  pins  g  g  (I.),  which  are  tipped 
with  sharp  agate  cones,  arrest  the  end-bearings 
by  rising  into  corresponding  conical  hollows  in 
the  latter.  (Fig.  5,  though  taken  from  an  Oertling 
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balance,  will  give  an  idea  of  the  way  in  which 
these  pins  work.)  The  two  slanting  lines  0  0 
(fig.  I.)  are  meant  to  indicate  two  supports, 
which  pass  through  slots  in  the  pillar  s  and  the 
bronze  rod  p,  and  are  fixed  to  the  inner  rod  l, 
to  lend  additional  rigidity  and  steadiness  of 
motion  to  the  end  bearings  arrestment. 

The  arrestment  of  the  beam  is  effected  by  two 
adjustable  piers  z  rising  from  the  bar  t,  of  the 
bronze  rod.  The  tops  of  these  piers  carry  roof- 
shaped  agate  bearings,  in  which  the  arrested 
beam  lies  with  its  lower  (bevelled)  edge.  This 
would  be  sufllcicnt  to  keep  the  beam  from  turn- 
ing. To  hinder  it  from  moving  progressively, 
there  is  a  horizontal  frame  h  (figs.  III.  and  IV.) 
united  with  bar  t,  by  two  little  pillars  a  g,  and 
carrying  two  agate  bearings,  a  roof-shaped  one 
at  the  hind  end  and  a  plane  one  at  the  front  end 
of  the  middle  (agate)  knife.  The  roof-shaped 
bearhig  receives  that  end  of  the  middle  knife 
as  the  roof-shaped  bearing  of  an  ordinary 
balance  would  (so  that  by  it,  and  the  two  beam- 
supports,  three  points  of  the  arrested  beam  are 
fixed  in  prescribed  positions) ;  the  plane  bearing 
in  front  only  supports  the  knife  as  it  rises  up  to 
it  on  arresting.    This  plane  bearing  is  adjustable 


by  means  of  a  sciew,  so  that  the  arrested  central 
knife-edge  can  be  made  rigorously  parallel  to 
the  fixed  central  bearing  of  the  working  in- 
strument. 

There  are  three  eccentrics,  all  attached  to 
the  same  axis  and  governed  by  the  same  handle 
(fig.  II.)  one.  A,  for  the  bronze  rod  f,  a  second,  b, 
for  the  inner  steel  rod  l,  and  a  third  c  for  a  pan- 
arrestnicnt,  whose  mode  of  acting  will  readily  bo 
seen  by  a  glance  at  fig.  I.  Wlieu  the  handle 
stands  so  that  line  p  (fig.  I.)  is  vertical,  the 
beam  is  arrested ;  after  this  point  has  been  passed, 
the  beam-supports  remain  at  the  same  altitude, 
but,  on  turning  the  handle  further,  bar  t..  is 
raised  to  lift  the  terminal  bearings  as  soon  as 
line  q  stands  vertical.  The  last  third  of  the 
motion  of  the  handle  arrests  the  pans. 

The  principal  feature  in  Messrs.  Staudinger's 
Nachfolger's  arrestment  obviously  is  the  relative 
independence  of  the  beam-arrestment  and  of  the 
end-bearings  arrestment  of  one  another.  In  most 
other  movable  frame  systems  there  is  only  one 
frame  for  both,  and  things  are  arranged  so 
that  the  middle  edge  is  held  fast  after  the  end- 
bearings  have  been  lifted  by  a  hair"s  breadth, 
and  that  the  upward  motion  comes  to  an  end  as 
soon  as  the  middle  knife  is  just  visibly  above  its 
bearing.  A  refinement  upon  this  construction  is 
to  merely  effect  the  three  contacts,  and  then,  by 
means  of  a  special  eccentric,  to  let  the  middle 
bearing  drop  through  a  distance  of  0-1  or  0-2  nun. 

Whilst  all  the  several  points  of  a  rigid  thonj,'1i 
movable  arrestment-bar  move  up  and  down  in 
vertical  straight  lines,  the  end-edges  of  the  vibra- 
ting beam  describe  circular  arcs.  Hence  when- 
ever the  bar  is  raised  against  the  slanting  beam, 
the  end-bearings  tend  to  slide  over  their  knives 
and  to  spoil  them.  To  preclude  the  possibility 
of  tills,  Becker  &  Sons,  in  their  finest  balances, 
make  the  bar  for  the  end-bearings  arrestment  of 
two  halves  which  are  hinged  on  to  the  pillar  in 
or  very  near  the  axis  of  rotation.  Sartorius 
adopted  this  system  and  brought  it  into  a  slightly 
different  form,  regarding  which  we  refer  to  Bibl. 
4,  where  it  is  illustrated  by  a  drawing. 

In  a  balance  which  has  only  plane  bearings, 
no  kind  of  arrestment,  of  course,  will  give  satis- 
faction, unless  its  several  parts,  and  also  the  pillar 
and  the  sole,  are  sufficiently  substantial  to  en- 
sure absolute  constancy  of  configuration  and 
absolute  steadiness  of  motion  even  after  long- 
continued  use.  The  old  masters  used  to  pay 
great  attention  to  this  important  point,  but  it  is 
sadly  neglected  by  the  majority  of  their  present 
successors. 

In  a  balance  of  which  the  end-pivots  are  self- 
adjusting,  the  movable  arrestment  frame  as- 
sumes a  very  simple  form.  All  that  is  needed  is 
a  small  frame  bearing  V-shaped  notches  for  ar- 
resting the  middle  knife  in  a  prescribed  position, 
and  fixed  to  a  horizontal  bar  with  two  project- 
ing pins,  in  order,  at  the  same  time,  to  support 
the  beam  in  a  horizontal  position.  As  these 
pins  have  no  other  function,  the  bar  may  be  very 
light,  and  the  whole  system  need  not  have  that 
absolute  steadiness  of  motion  which  is  indispen 
sable  in  the  case  of  plane  end-bearings. 

Tlte  needle  and  scale  serve  to  define  th6 
angular  position  of  the  beam.  In  all  modern 
precision  balances  the  needle  points  down\yards, 
and  is  meant  to  embody  a  straight  line  passing 
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through  the  axis  of  rotation  and  standing  per- 
pendicular on  the  line  connecting  the  two  point 
pivots  A  and  b.  The  scale  is  attached  to  the 
pillar ;  its  zero,  if  the  stand  is  properly  levelled, 
lies  vertically  below  the  axis  of  rotation.  To 
enable  the  stand  to  be  levelled,  there  must  be 
either  a  plumb  line  or  two  spirit  levels  fixed  to 
the  pillar,  and  so  adjusted  that  when  they  point 
to  their  zeros,  the  line  connecting  the  zero  of 
the  scale  with  its  projection  on  the  middle 
edgrt  is  vertical.  The  scale  should  be  so  gra- 
duated that  the  needle-line,  if  jjroduced,  would 
cut,  not  the  circle  described  by  the  needle's  refer- 
ence point,  but  the  horizontal  tangent  to  this 
circle,  into  pieces  of  equal  length  (v.  infra).  In 
most  practical  cases,  however,  this  conies  to  the 
same  as  saying  '  into  pieces  of  equal  angular 
value.'  In  balances  provided  with  a  fixed  arrest- 
ment frame  the  scale  should  be  made  to  move  up 
and  down  with  the  beam,  so  that  its  position  in 
reference  to  the  needle  remains  constant.  In 
most  balances  the  end-point  of  the  needle  is 
just  clear  of  the  ujjper  circular  edge  of  the  scale, 
but  it  is  better  to  make  its  lowest  portion  almost 
linear,  and  let  this  project  over  the  scale  and 
almost  touch  it. 

The  rider. — Small  weiglits  are  dillicult  to 
handle  and  easily  lost.  To  avoid  this  incon- 
venience, Berzelius  conceived  the  happy  idea  of 
dividing  the  right  side  of  the  beam,  or  ratlior  the 
horizontal  lever- arm  corresponding  to  it,  into  ten 
equal  parts,  and  substituting  one  rider  weighing 
ten  centigrams  for  all  the  centigram  and  milli- 
gram pieces  of  the  set  of  weights.  Obviously  the 
rider,  when  suspended  at  the  first,  second,  &c. 
mark  from  the  centre,  acts  like  1,  2,  &c.  centi- 
grams placed  in  the  pan,  and  it  is  equally  obvious 
that  every  tenth  of  a  division  on  the  beam  cor- 
responds to  one  milligram  of  additional  weight. 
This  system  was  universally  adopted  and  is  still 
in  use,  only  with  this  qualification,  that  we  now 
apply  it  to  the  counting  of  the  milligrams  by 
means  of  a  rider  weighing  ten  milligrams.  The 
reason  for  the  change  is  obvious.  In  most  ba- 
lances the  points  0  and  10  of  the  rider-scale  are 
inaccessible.  Messrs.  Becker's  Sons  avoid  this 
inconvenience  by  dividing  the  arm  into  twelve 
parts,  and  supplying  a  rider  weighing  twelve 
milligrams.  Other  makers,  for  instance  Messrs. 
Verbeek  &  Peckholdt,  of  Dresden,  make  the  top) 
bar  of  their  beams  exactly  horizontal,  and,  besides 
keeping  it  clear  of  impediments,  make  it  project 
beyond  the  terminal  edges.  One  of  the  advantages 
of  this  system  is  that,  in  tlie  case  of  a  short  beam, 
it  enables  us  to  double  the  degrees  of  the  rider 
scale,  by  dividing  each  arm  into  only  five  (integer) 
parts,  numbering  these  from  the  left  knife  on- 
wards and  using  a  rider  weighing  five  milligrams. 
Only,  if  we  do  so,  the  rider  suspended  at  the  zero 
must  be  counted  part  and  parcel  of  the  instru- 
ment. Bunge  provides  a  special  rider-bar  so 
contrived  that  the  path  of  the  rider  lies  in  the 
plane  of  the  three  axes.  This,  theoretically,  is 
the  most  perfect  arrangement. 

A  rider  arrangement,  to  be  comijlete,  must  be 
supplemented  by  a  mechanical  contrivance  en- 
abling one  to  shift  the  rider  while  the  balance 
case  is  closed,  and  to  do  so  with  greater  rapidity, 
ease,  and  certainty  than  would  be  afforded  l)y  a 
forceps,  supposing  the  case  to  be  open.  Kider- 
guides  fulfilling  this  latter  condition  are  scarce  ; 


even  with  the  best  the  rider  drops  down  occa- 
sionally, and  has  to  be  searched  for. 

To  avoid  this  source  of  annoyance  Hempel 
does  away  with  the  rider  and  substitutes  for  it  a 


Fig.  7. 

vane  witli  a  limb  graduated  into  milligrams  (y. 
infra). 

The  gravity  boh — a  small  button  or  disc  of 
metal  so  attached  to  a  wire  standing  vertically 
on  the  top  of  the  beam  exactly  above  the  axis  of 
rotation  that  it  can  be  screwed  up  and  down 
along  the  whole  range  of  the  wire.  It  enables 
one  to  raise  or  lower  the  centre  of  gravity  of  the 
beam,  and  thus  to  establish  any  desirable  degree 
of  sensibility. 

A  bob  ihus  constructed  meets  all  the  require- 
ments of  the  balance-maker,  but  for  the  chemist 
who  uses  the  balance  it  is  desirable  to  have  an 
arrangement  which  enables  him  at  a  moment's 
notice  to  establish  any  predetermined  degree  of 
sensibility.  Such  an  arrangement  was  invented 
by  the  writer  some  years  ago  (Bibl.  8  and  5).  It 
consists  of  a  small  bob  fixed  by  mere  friction  to 
the  upper  end  of  the  needle,  which  at  that  part 
has  the  form  of  a  triangular  prism,  and  is  jn'o- 
vided  with  a  graduation.  The  mode  of  standard- 
ising the  scale  is  explained  below. 

Some  arrangement  for  establishing  perfect 
ecpLilibriuin  in  the  unloaded  instrument  is  re- 
quired. A  small  bob  screwing  along  a  horizontal 
wire  fixed  to  some  convenient  part  of  the  beam 
answers  best.  Less  convenient  is  a  '  vane,' 
meaning  a  little  movable  horizontal  lever  at- 
tached to  the  lowest  point  of  the  wire,  which 
carries  the  ordinary  gravity-bob,  or  to  the 
upper  part  of  the  needle.  To  understand  the 
working  of  the  vane — and  at  the  same  time  that 
of  Hempel's  invention  above  referred  to—  substi- 
tute for  the  vane  an  equivalent  rigid  line  (fig.  7). 
If  the  vane-line  stands  in  the  position  O  o~i.c., 
if  it  is  parallel  to  the  middle  knife,  it  adds  no 
weight  to  either  side,  if  turned  through  90°  into 
position  0  (10),  it  virtually  adds,  let  us  say,  10 
milligrams  to  the  charge  of  the  right  pan. 
Divide  the  line  0  (10)  into  ten  equal  parts,  erect 
an  ordinate  in  each  point,  and  you  find  the  points 
0,  1,  2,  3,  (fee,  of  the  circular  path  of  tlie  end- 
jjoint  of  the  vane,  to  which  the  vane-line  must 
point,  if  the  virtual  addition  to  the  right  pan  is 
to  be  equal  to  0, 1,  2 ... .  10  milligrams.  A  glance 
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at  the  figure  shows  one  weak  point  in  the  vane 
contrivance.  There,  is,  however,  no  need  of  our 
dividing  the  circular  limb  exactly  in  the  way  of 
our  figure.  We  may,  for  instance,  place  the  zero 
at  the  —7  and  the  ten  at  the  +7  of  our  figure, 
divide  the  interval  between  the  projections  on  line 
(10)  (10)  of  +7  and  —7  into  ten  equal  parts, 
and  so  adjust  the  mass  of  the  vane  and  its  dis- 
tribution that,  by  turning  it  from  the  new  zero 
(at  —7)  to  the  new  '10'  (at  +7),  we  virtually 
add  10  milligrams  to  the  right  charge.  The 
degrees,  corresponding  each  to  1  milligram,  then 
become  so  nearly  equal  to  one  another  that  the 
subdivision  of  each  into  ten  parts  of  equal  an- 
gular value  is  permissible. 

The  Theoby  of  the  Balance. 

For  a  first  approximation  imagine  a  balance 
which  is  ideally  perfect,  and  assume  it  to  be 
charged  with  P  grams  from  the  left  and  with 
P  grams  from  the  right  point  pivot.  The 
balance,  when  free  to  vibrate,  can  remain  at  rest 
in  only  its  normal  position,  and  if  brought  out 
of  it  will  vibrate  about  it  as  a  pendulum,  be- 
cause the  two  charges  are  equivalent  statically 
to  one  heavy  particle  weighing  2P,  situated  in 
the  central  knife-edge.  Now,  put  a  small  over- 
weight A  on,  say,  the  right  pan  ;  the  position  of 
potential  rest  will  shift,  and  the  beam,  to  reach 
it,  must  turn  (downwards  on  the  right  side) 
through  a  certain  angle  a,  which  depends  only 
on  A  and  on  the  weight  W  of  the  empty  beam, 
which  latter  we  may  assume  to  be  concentrated 
in  its  centre  of  gravity  c,  the  force  2P  being 
obviously  out  of  consideration.  But  the  two 
weights,  A  at  6  and  W  at  c,  are  equivalent  to  a 
point  weighing  W  4-  A  and  lying  on  the  straight 
line  c  &  at  a  point  c',  not  far  from  c-  The  new 
position  of  rest  is  gained  as  soon  as  c'  lies  ver- 
tically below  the  axis  of  rotation,  or,  to  put  it 
in  other  words,  the  right  side  of  the  beam  goes 
down  until  the  leverage  of  A  is  so  far  reduced 
and  that  of  W  has  so  far  increased,  that  the  two 
vioitienta  statica  are  equal  to  each  other. 

Imagine  now  the  axis  of  rotation  were  shifted 
vertically  upwards  through  a  small  height  h,  but 
remained  parallel  to  itself.  The  imaginary  point 
weighing  2P  now,  as  soon  as  the  beam  turns, 
has  a  lever  and  helps  the  weight  W ;  the  beam 
will  turn  through  a  less  angle  a'  to  gain  its  new 
position  of  rest,  and,  supposing  2P  to  increase, 
a'  becomes  less  as  2P  increases. 

Imagine  now  the  axis  of  rotation  to  be 
shifted  downwards  towards  the  centre  of  gravity. 
The  heavy  point  weighing  2  P  grams  now  helps 
A,  and  the  angle  which  separates  the  two  posi- 
tions of  rest  will  become  greater  than  the  origi- 
nal angle  ;  the  greater  2P  the  greater  will  be 
the  actual  angle  o".  But  the  two  weights,  W 
concentrated  in  c,  and  2P  concentrated  in  the 
centre  of  the  line  a  b,  taken  jointly,  are  equi- 
valent to  one  point  o'  weighingW  -i-  2P  grams,  and 
situated  on  the  straight  line  connecting  the  two 
points  ;  and  supposing  2P  to  increase  gradually 
from  nil  onwards,  o',  in  the  second  case,  will 
rise  and  rise,  and  at  a  certain  value  of  2P  fall 
into  the  axis  of  rotation.  The  balance  then  has 
no  definite  position  of  rest ;  and  if  c'  rises  stUl 
higher,  the  balance  npsets.  However  small  an 
overweight  A  may  be  put  on  either  side,  the 


beam  would  have  to  turn  upside  down  to  reach 
its  one  (theoretical)  position  of  stable  equilibrium. 

The  balance-maker  of  course  takes  care  so 
to  adjust  his  instrument  that  even  if  the  sen- 
sibility is  at  the  highest  value  which  the  balance 
is  meant  to  afford,  and  the  two-sided  charge 
2  P  at  its  maxLmum  likewise,  the  centre  of 
gravity  of  the  whole  system  lies  on  the  safe  side 
of  the  axis  of  rotation. 

Assuming  this  condition  to  be  fulfilled,  the 
balance  to  be  exactly  equal  armed  and  to  be 
charged  with  a  pan  weighing  grams  and  a 
load  of  p  grams  on  each  side,  the  angle  o  of 
deviation  is  governed  by  the  equation 

tga=  ^   .       .  (1) 

where  I  stands  for  the  arm-length,  s  for  the 
distance  of  the  centre  of  gravity  of  the  emi)ty 
beam  from  the  axis  of  rotation,  and  h  for  the 
distance  of  the  axis  of  rotation  from  the  plane 
of  the  two  end-edges,  the  axis  being  assumed  to 
lie  above  the  plane.  In  the  opposite  case  h  must 
be  assumed  to  be  negative,  or  the  plus  sign  be- 
fore the  second  term  in  the  denominator  be 
replaced  by  a  minus  sign.  But  tga  is  the  ratio 
of  the  absolute  length  of  scale  (measurcil  tan- 
gontially,  v.  supra)  corresponding  to  angle  a  to 
the  distance  I  of  the  tangent-zero  from  the  axis 
of  rotation.    Hence  we  have 

n=    =A.'E'      .  (2) 

Ws  +  2(p,+p)h  ■    ^  > 

Where,  supposing  I  to  be  measured  in  tangential 
scale-degrees,  n  may  be  read  as  meaning  the 
number  of  degrees  through  which  the  needle 
turns  in  consequence  of  the  addition  of  A.  The 
product  condensed  into  '  E  '  we  will  call  the 
'  sensibility.' 

The  reciprocal  of  E,  i.e.  the  number  E"' 

=  ^ ,  is  the  weight-value  of  1  degree  of  the 

scale — i.e.  the  particular  A  which  makes  )!  =  1. 
With  a  precision  balance  the  milligram  is  a 
convenient  unit  for  A. 

For  a  balance  provided  with  the  writer's 
auxiliary  bob,  eq.  (2)  may  conveniently  be 
brought  into  the  form 

^=E--  =  (Zi±?^M%o±y)    ,  2(a) 

n  II 
Where  b  is  the  weight  of  the  bob  and  y„  i  ;/  the 
distance  of  its  centre  of  gravity  from  the  axis  of 
rotation  y^,  being  that  distance  which  prevails 
when  the  bob  is  at  its  highest  (zero)  position. 
In  a  well-made  balance  the  irifluence  of  P  on  E 
is  small ;  we  may  therefore  assume  the  P  of  the 
equation  to  be  some  average  value,  and,  con- 
tracting constants,  saj',  the  weight-value  of  one 
degree  is 

E-'  =  A-hB(/  .  .  .  (3) 
where  A  and  B  are  constants ;  A  obviously  being 
that  value  which  E  '  assumes  when  y  =  0.  —  B  is 
easily  determined  by  one  trial  at  7/  =  to  its 
maximum,  and  the  scale  thus  standardised. 

The  theory  of  the  rider  might  be  allowed  to 
take  care  of  itself  if  it  were  a  general  practice 
to  place  the  rider's  path  exactly  into  the  plane 
of  the  throe  axes.  But  such  is  not  the  case ; 
this  path,  as  a  rule,  lies  above  the  plane,  and 
each  mark  at  its  own  altitude  H.  Let  us  there- 
fore assume  that,  after  the  balance  had  been 
charged  with  P  on  each  side,  a  rider  weighing 
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p  had  been  susiaended  at  a  point  of  tliu  beam 
corresponding  to  the  fraction  Jd  of  the  arm- 
length  (at  the  (lOA;)"'  mark  counting  from  the 
centre).  If  the  'beam  stand  horizontal,  and  a 
weight  Jqj  be  placed  in  the  opposite  pan,  the 
beam  will  remain  in  equilibrium,  because  we 
have  ZQjA-)  ^p(kl)  whatever  H  may  be  ;  the  rider 
where  it  is  and  the  charge  kj}  (virtually)  in  the 
left  knife-edge  are  conjointly  equivalent  to  a 
fixed  point  weighing  kp+p,  and  situated  on  the 
straight  line  joining  the  left  edge  and  the  point 
(10A-)  where  the  rider  is.  And  this  equivalence 
holds  for  the  slanting  beam  as  well,  and  is  inde- 
pendent of  P.  But  the  sensibility  of  the  beam 
with  the  rider  on  is  evidently  greater  than  it 
was  with  the  rider  off.  Statically  speaking, 
the  weight  of  the  beam  and  the  two  charges  P 
and  P  are  equivalent  to  a  fixed  point  Cg  weigh- 
ing W'=  W -I- 2  P,  and  situated  vertically  below 
the  axis  of  rotation  at  a  distance  S,,,  and  this 
particle,  conjointly  with  the  one  embodied  in 
the  rider,  is  equivalent  to  a  point  weighing 
W  2  P  +  p,  and  situated  on  the  straight  line 
between  Cg  and  the  point  where  the  rider  sits. 
Keferring  to  a  system  of  rectangular  co-ordi- 
nates whose  X-axis  passes  through  the  centre 
of  the  central  edge  and  is  parallel  to  AB,  and 
whose  Y-axis  passes  through  the  same  centre,  we 
have  for  the  position  of  the  resultant  point  the 
equations 

a;(W'  -f  _p)  -  Ikp  ;  and  i/(W'  +p)  =  W'Sq -p^ 

•,?L^tga  =  kp  [   1   .  (4) 

We  see  that  if  H  be  constant — i.e.  if  the  rider- 
IJath  be  parallel  to  the  plane  of  the  three  axes — 
tga.  is  proportional  to  the  overweight  kp  virtu- 
ally added  to  the  charge  of  the  right  pan  ;  but 
it  is  as  well  to  notice  that  the  tcja  of  our  equa- 
tion is  different  from  the  (tga)^  which  is  brought 
about  if,  instead  of  hanging  the  rider  on  the 
(lO/c)"'  mark,  we  actually  put  kj)  units  into  the 
right  pan.  Obviously 

{^<J°-)o- {^P)-(if, —  and  less  than  ^(/a      .  (5) 

With  a  rider  weighing  only  10  milligrams, 
and,  say,  a  hectogram  balance,  the  term  j^H 
in  the  denominator  comes  to  very  little,  but 
with  a  rider  of  ten  times  the  weight  it  (as  a  rule) 
can  no  longer  be  neglected  ;  such  a  rider  cannot 
conveniently  be  used  unless  H  is  constant  and 
the  rider  must  always  hang  at  the  balance  (at 
its  zero,  over,  say,  the  central  knife  when  it  is 
not  used  as  a  weight),  or  else  the  sensibility 
has  one  value  with  the  heavy  rider  on  and 
another  ^vith  the  rider  off.  Another  requisite  is 
that  notches  cut  into  the  beam  be  substituted 
for  mere  ma":  ks,  and  that  the  rider  have  a  sharp 
edge  to  give  sutlioient  constancy  of  position  to 
its  point  ci  application. 

From  what  we  have  said  so  far,  it  would 
appear  that  in  a  balance  provided  with  a 
gravity-bob  we  can  give  the  sensibility  any 
value  we  may  fancy.  And  so  we  can,  but  it 
does  not  follow  that  we  can  command  any 
desired  degree  of  precision.  Because  the  three 
edges  and  bearings  are  not  what  they  ought  to 
be,  and,  as  a  little  reflection  shows,  the  effect 
of  their  defects  is  the  same  as  if,  say,  the 
length  of  the  right  arm,  instead  of  being  at  the 


constant  value  I,  oscillated  irregularly  between 
I  -  A  and  Z  -f  A,  where  A  is  a  very  small  length, 
which  increases  when  W  and  P  increase,  but  is 
independent  of  I.  And  this  again  is  the  same 
as  if  A  were  nil,  but  the  charge  of,  say,  the 
right  side,  instead  of  being  at  a  constant  value 
P,  varied  irregularly  from  P  -  e  to  P  -f  6.  In 
a  given  balance  charged  with  a  given  P  at  each 
side  e  is  constant,  but  the  corresponding  angle 
of  deviation  varies  when  the  sensibility  varies. 
Within  this  angle  ^  the  balance  is,  so  to  say,  in 
a  state  of  indifferent  equilibrium.  By  going  a 
little  more  deeply  into  the  matter  we  easily 
satisfy  ourselves  that,  even  allowing  for  the  fact 
that  we  cannot  substitute  a  longer  for  a  shorter 
beam  without  increasing  the  beam-weight,  €  will 
increase  when  I  becomes  less.  In  a  balance 
meant  to  afford  a  certain  degi-ee  of  precision, 
we  cannot  allow  the  arm-length  to  fall  below  a 
certain  (very  uncertain)  value 

A  glance  at  eq.  (2)  would  show,  if  it  were 
not  clear  without  it,  that,  if  the  three  axes  lie  in 
exactly  the  same  plane -I'.e.  if  h  =  0 — the  sen- 
sibility becomes  independent  of  the  charge, 
which  is  a  great  convenience.  But  h  obviously 
cannot  be  equal  to  nil  at  all  charges  ;  hence  in 
the  case  of  the  best  instruments  it  is  regulated 
so  that  it  has  a  small  negative  value  when  only 
the  jpans  are  suspended,  and,  by  the  unavoidable 
deflection  of  the  beam,  becomes  nil  at  some 
suitably  selected  medium  charge,  so  that,  from 
this  charge  upwards,  it  has  small  positive  values. 
That  such  a  degree  of  precision  cannot  be 
attained  by  purely  constructive  methods  goes 
without  saying  ;  indeed,  any  precision  balance 
requires  to  be  '  adjusted  '  before  it  is  fit  to  be 
used.  For  this  purpose  the  value  of  the  li  cor- 
responding to  the  medium  charge  and  the  ratio 
of  the  actual  arm-lengths  l':l"  must  be  deter- 

l' 

mined  and  the  errors  h  and  corrected. 

For  the  direct  geometric  measurement  of  h 
special  apparatus  have  been  constructed,  which, 
in  their  present  form,  we  believe,  afford  a  sufli- 
cient  degree  of  precision ;  but  the  final  test 
always  is  (or  at  least  was  until  lately)  at  a  suit- 
able position  of  the  bob,  to  determine  the  weight- 
value  E"'  of  one  degree  of  deviation  for  a  series 
of  charges,  say,  p  =  0,  50,  100  grams,  &c.,  up 
to  the  maximum  charge  which  the  balance  is 
intended  to  measure ;  and  to  at  least  virtually 
calculate  the  corresponding  values  h  by  means 
of  eq.  (2).  Whether  h  is  positive  or  nega- 
tive, is  of  course  seen  from  the  values  E"'  with- 
out calculation.  Supposing  now  h  has  a  greater 
value  than  can  be  tolerated,  one  of  the  knives 
must  be  lowered  or  raised  until  at  a  certain 
medium  charge  the  three  edges  are  as  exactly 
as  possible  in  one  plane.  Most  mechanicians 
provide  adjusting  screws  for  this  purpose  which 
enable  one  to  work  in  a  systematic  manner. 
Some,  however  (for  instance,  Messrs.  Becker's 
Sons,  following  the  example  of  Deleuil),  prefer  to 
fix  all  the  knives  definitely  and  to  alter  the  form 
of  the  beam  itself  by  means  of  the  hammer.  If 
the  central  edge  has  to  be  lowered,  the  lower 
bar  of  the  beam  is  struck  (on  both  sides)  ;  if  it 
is  to  be  raised,  the  upper  bar  is  struck,  until  the 
correction  is  presumably  almost  but  not  quite 
comxjletely  effected.    The  values  E"'  are  then 
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again  determined,  and  il  they  are  not  suffi- 
ciently near  one  another,  the  hamuitring  is  re- 
newed until  the  adjustment  is  perfect.  In  a 
similar  manner  (or  by  means  of  adjusting 
screws)  the  two  arms  are  made  equal  to  each 
other.  The  test  here  is  very  simple.  The 
balance,  after  having  been  brought  to  the 
highest  degree  of  sensibUity  which  it  will  stand 
at  the  highest  charge  P,  is  charged  with  exactly 
P  grams  on  each  side.  The  longer  arm  goes 
down,  and  by  determining  the  small  over- 
weight which  must  be  added  to  the  other  side  to 
estabUsh  equilibrium,  we  can  easily  determine  the 
ratio  V:  I"  numerically.  All  these  adjustments 
are  effected  by  the  mechanician,  and  when  once 
effected  are  final.  Some  mechanicians — for  in- 
stance, the  Becker's  Sons— fix  even  the  centre  of 
gravity,  but  this  is  a  mistake.  A  balance,  to  be 
complete,  must  have  a  movable  'bob  '  to  enable 
the  operator  to  give  the  sensibility  that  value 
which  suits  him  best.  What  degree  of  sensi- 
bility should  we  choose  ?  Answer :  In  general, 
the  lowest  degree  which  suffices  for  the  purpose 
in  hand.  SuiJiiosLng,  for  instance,  we  can  neglect 
the  half-milligram,  it  is  of  no  use  to  screw  up 
the  bob  any  higher  than  necessary  for  rendei-ing 
the  angle  of  deviation  corresponding  to  0'5  mil- 
ligram conveniently  visible  and  no  more,  because 
the  less  the  sensibility,  the  greater  the  range  of 
weights  determinable  by  the  method  of  vibra- 
tion, the  greater,  as  is  easily  shown  from  eq.  (2), 
the  relative  independence  of  the  sensibility  from 
the  charge,  and  last,  not  least,  the  less  the  time 
of  vibration.  The  time  of  vibration  can  of 
course  not  be  allowed  to  fall  below  a  certain 
minimum,  or  else  the  centres  of  gravity  of  the 
charges  will  not  be  able  to  follow  the  oscillations 
of  the  beam  with  sufficient  promptitude.  But 
this  clause,  with  larger  balances  wrought  at  high 
precision,  usually  takes  care  of  itself.  The 
exact  relation  in  a  balance  between  the  time  of 
vibration  t  (in  seconds)  and  the  sensibility  E  is 
given  by  equation  : 

<-'  =  jj-j{'^W-h2p]>.E    .      .  (6) 

where  K  is  the  Jength  of  the  mathematical 
pendulum  beating  secouds  at  the  i)lace  of  ob- 
servation, P  the  total  charge  on  one  side,  and  k 
a  numerical  factor,  fcWi-  being  the  vioinciitiun 
inertua  of  the  empty  beam.  With  the  customary 
iserforated  rhombus  or  triangle,  h  is  very  nearly 
equal  to  if.  From  the  equation  we  clearly  see  that 
w-ith  a  '  bob  '  of  sufficient  range  we  can  choose 
our  own  time  of  vibration  or  our  own  sensibility, 
but  wo  cannot  choose  both,  iu  a  ready-made 
balance.  It  stands  differently  with  a  balance  to 
be  constructed.  To  avoid  indcfinitcncss,  let  us 
assume  that  we  wished  to  design  a  balance  for 
weighing  quantities  up  to  100  grams  with  a 
toleration  of  0-1  mgr.  Let  us  assume  also  that 
we  had  made  up  our  minds  regarding  the  mate- 
rial and  the  general  form  for  the  beam,  and  that 
we  had  defined  the  latter  so  that  the  relation 
between  arm-length  Z,  and  weiglit  W,  were  in 
accordance  with  an  equation  of  the  form 

W  =  C-fBZ  (7) 

where  W  includes  the  empty  pans,  C  designates 
the  conjoint  weight  of  all  that  which  is  inde- 
peudeut  of  / ;  aud  B  stands  for  the  weight  of  the 


rest  if  the  arm-length  2  =  1.  Our  equation  now 
assumes  this  form 

t'=^j{c'-h2p-i-6zj  E.   .      ,      .  (8) 

where  stands  for  the  charge  in  each  pan. 
This  equation  affords  some  guidance  in  the 
selection  of  I.  Assuming  for  E  a  value  which 
renders  the  decimilligram  just  visible,  and 
taking  ])  =  0,  we  substitute  for  t  the  smallest 
admissible  value  and  solve  our  equation  in  re- 
gard to  I.  Of  course  I  cannot  be  allowed  to  fall 
below  that  minimum  l^  {v.  stqyra)  at  which  the 
inherent  enor  would  rise  to  anything  like  0-1  mgr. 
Where  does  this  hmit  value  1^  lie  ?  Staudinger 
used  to  draw  the  line  at  200,  Oertling  at  180 
millimetres,  and  similar  values  were  adopted  by 
other  makers,  until  Bunge,  some  twenty-fi%'e 
years  ago,  showed  in  the  most  dii-ect  manner 
possible  that  a  sufficient  degree  of  constancy 
can  be  attained  with  an  arm-length  of  as  little  as 
00  millimetres.  Thanks  to  the  general  excellence 
of  Bunge's  work  his  short  beams  soon  became 
very  popular  with  chemists,  and  the  fact  that 
almost  all  other  German  makers  have  since  come 
to  adopt  the  Bunge  system  shows  that  the 
additional  perfection  in  the  pivots  which  the 
short  beam  undoubtedly  demands  is  not  so 

!  difficult  to  reaUse  as  an  outsider  might  be  in- 
clined to  think.  Assuming  this  difficulty  to  be 
occ/xomc,  it  cannot  be  denied  that  the  short  in 
opposition  to  the  long  beam  does  offer  certain 
advantages.  1st.  It  is  relatively  hght,  and  hence 
the  working  of  the  arrestment  is  a  less  effort. 
2nd.  It  is  less  liable  to  irregularities  through 

,  one-sided  elevation  of  temperature.  Perhaps  we 
may  add  that,  3rd,  it  is  easier  in  its  case  than 
in  that  of  the  long  beam  to  make  a  smooth- 
working  arrestment,  and  on  this  account  chiefly 
it  enables  one  to  weigh  more  quickly.  4th,  and 
least  in  our  opinion,  it  vibrates  more  quickly. 
Not  that  we  value  this  last  advantage  at  nothing. 

I  The  writer's  auxiliary  bob  indeed  was  invented 
with  the  very  object  of  remedying  the  corre- 
sponding defect  in  the  older  form  of  the  instru- 
ment, being  originally  intended  to  be  used  thus. 
In  the  outset,  place  the  bob  far  down,  say  to  the 
mark  where  1"  of  deviation  corresiJonds  to  2 
mgrs.  or  some  other  value  securing  great  rapidity 
of  vibration,  and  establish  equilibrium  as  far  as 
thus  possible.  Then  raise  the  bob  to  the  mark 
at  which  1°  =  0-1  mgr.,  allow  to  vibrate,  shift  the 
rider  correspondingly,  and  verify  your  result. 
The  writer,  however,  soon  came  to  find  this 
metliod  less  convenient  than  he  had  expected, 
and  adoj)ted  another  very  obvious  expedient. 
It  is  easy  in  any  beam  to  bring  down  the  time 
of  vibration  to  the  least  value  one  could  reason- 
ably wish  for  by  screwing  down  the  bob  to  the 
corresponding  place.  This,  of  course,  may 
render  the  decimilligram  invisible  to  the  naked 
eye.  But  why  not  help  the  eye  by  optical 
means  ?  An  ordinary  lens  magnifying  six  times 
linearly  affords  more  than  there  is  any  occasion 
for ;  only  it  magnifies  the  parallactic  error  as 
well,  and  tlie  effort  to  avoid  this  error  strains  the 
eye  very  unpleasantly.  This  experience  led  the 
writer  to  the  following  combination,  which  he 
found  to  give  perfect  satisfaction.  A  narrow 
ivory  scale  divided  iuto  degrees  of  about  O'l  mm. 
is  fixed  slantingly  to  the  needle  pretty  far  down, 
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yet  far  enough  up  for  not  obscuring  the  ordinary 
scale  which  does  duty  as  usual ;  on  the  other 
hand,  a  compound  microscope  of  feeble  power, 
which  passes  through  the  central  fixed  portion  of 
the  front  pane  of  the  case,  is  fixed  slantingly  to  the 
pillar.  The  microscope  has  one  vertical  'wire' 
in  its  focus  which  acts  as  a  needle.  As  the 
microscope  inverts  its  images,  the  apparent 
motion  of  the  wire  in  reference  to  the  scale 
(which  one  easily  persuades  himself  is  fixed)  is 
the  same  in  sense  as  the  real  motion  of  the 
needle  in  reference  to  the  ordinary  scale,  so 
that  mistakes  in  regard  to  the  +  and  —  are 
avoided.  The  ordinary  scale  is  graduated  after 
the  micro-scale  so  that  each  of  its  degrees  is 
equal  in  angular  value  to  10°  of  the  latter. 
The  writer  some  five  years  ago  caused  Mr. 
Oertling  to  apply  this  arrangement  to  two  of 
his  balances,  and  he  has  found  it  to  work  very 
satisfactorily.  Although  it  was  originally  in- 
tendedchieflyfor  sijecial  occasions — theadjusting 
of  weights,  d'c. — it  is  used  even  for  our  every- 
day work,  as  it  was  found  that  the  microscope 
puts  a  less  strain  on  the  eye  than  the  naked- 
eye  reading  of  the  ordinary  scale.  The  micro- 
scopic arrangement  described  adds  about  3Z.  to 
the  cost  of  the  balance.  A  cheaper  arrangement 
is  the  following.  A  micro-scale,  divided  con- 
veniently into  fifth-millimetres,  is  fixed  slantingly 
to  the  jiillar,  the  needle  at  the  corresponding 


part  is  shaped  thus, 


and  a  hair  by  means 


of  capillary  perforations  is  stretched  out  between 
a  and  b ;  the  hair  is  parallel  to  the  face  of  the 
scale,  and  only  some  0-2  to  0-6  mm.  removed 
from  it.  A  short  terrestrial  telescope,  fixed  in 
the  central  (fixed)  part  of  the  front-pane  of  the 
case,  serves  for  the  readings.  The  object  glass 
serves  only  to  produce  an  image  of  the  scale  and 
hair  within  the  tube,  which  the  eye-ijiece  (a 
compound  microscope)  magnifies  as  far  as  neces- 
sary. As  the  telescope  need  not  be  jjerfectly 
steady,  it  can  be  fixed  at  a  relatively  low  cost. 
We  have  used  this  arrangement  in  connection 
with  one  of  our  balances  for  over  two  years,  and 
found  it  to  be  almost  as  good  as  the  one  first 
described. 

On  the  Setting  up  and  Testing  of  a 
Precision  B.^lance. 
A  real  precision  balance,  to  be  able  to  do 
justice  to  itself,  must  stand  on  a  very  steady 
support,  in  a  room  where  it  is  not  exposed  to 
one-sided  changes  of  temperature.  The  light 
should  fall  in  from  the  back  of  the  observer. 
The  best  support,  of  course,  is  a  pillar  of 
masonry,  standing  directly  on  the  earth.  Next 
after  it  (in  a  substantially  built  building)  comes 
a  shelf  fixed  to  the  wall  by  strong  brackets.  A 
good  heavy  table,  however,  suffices  in  practice. 
In  a  large  city  the  street  traffic  becomes  very 
inconvenient  in  weighing.  Its  eiYeot  can  be 
minimised  by  putting  small  pieces  of  thick 
vulcanised-rubber  plate  between  the  legs  of  the 
case  and  the  table.  In  the  examination  of  a 
newly  set-up  balance  we  naturally  begin  by 
seeing  that  the  arrestment,  the  rider-shifting 
apparatus,  &c.  are  in  good  order,  we  then  level 
the  case,  and  next  leave  the  balance  to  itself 

Vol.  l.-T 


for  some  four  hours  at  least,  to  enable  it  to 
acquire  the  temperature  of  the  room.  After 
these  preliminaries  we  jiroceed  to  the  following 
determinations. 

Dctoymination  of  the  inherent  error  e. — For 
this  purpose  we  charge  the  balance  equally 
on  both  sides  with  the  highest  weight  which  it 
is  intended  to  measure  (a  hectogram-balance  for 
instance  with  a  hundred-gram  jjieee  on  each 
side),  and  after  having  established  approximate 
equilibrium  at  the  highest  degree  of  sensibility 
which  the  balance  will  stand  at  this  charge  with- 
out giving  obviously  inconstant  readings,  de- 
termine the  exact  position  of  rest,  first  with  the 
two  hectograms  in  the  centres  of  their  pans, 
and  then,  in  a  series  of  successive  experiments, 
with  one  or  the  other  of  the  hectograms  placed 
at  some  point  of  the  edge  of  its  pan  so  as 
to  give  any  non-parallelism  in  the  axes  or  any 
other  defect  in  the  terminal  pivots  a  good 
chance  of  influencing  the  result,  taking  care  to 
interpolate  occasionaUy  an  experiment  with  the 
two  weights  centrally  placed  in  order  to  see  if 
the  balance  still  gives  the  same  reading  as  it  did 
at  first.  If  it  does  not,  this  is  probably  owing  to 
external  causes,  such  as  unequal  heating  of  the 
two  arms.  To  be  able  to  translate  degrees  of 
deviation  into  differences  of  weight,  we  must  at 
some  stage  make  two  successive  determinations 
of  the  position  of  rest,  one  with  P'  in  the  left 
and  P"  in  the  right  j^an  (P'  and  P"  stand  for  the 
two  hectogram-piieces)  and  another  with,  say, 
one  milligram  added  to  P".  For  the  precise 
determination  of  a  position  of  rest,  we  cause  the 
balance  to  vibrate  moderately,  and  (neglecting 
the  first  reading  as  being  in  general  liable  to 
irregularities),  record  3,  5,  7  ...  successive 
turning-p)oints  of  the  needle,  apislying  a  -f  to 
scale-points  lying  to  the  left,  and  a  —  to  scale- 
points  lying  to  the  right  of  the  zero  (or  vice 
versa) ;  an  odd  number  in  any  case  in  order  to 
correct  for  the  retarding  effect  of  the  resistance 
of  the  air,  etc. ;  those  influences  in  other  words 
through  which  the  needle,  supposing  it  to  start 
from  —  4°,  at  the  end  of  a  double  vibration,  does 
not  come  back  to  exactly  —4°,  but  pierhaps  to 
—  3°'7.  The  algebraic  sum  of  any  two  succes- 
sive readings  gives  the  pioint  a  of  the  scale  at 
which  the  needle  would  come  to  rest,  in  half- 
degrees,  and  there  is  no  reason  why  the  half- 
degree  should  not  be  adopted  as  a  convenient 
unit  for  the  purpose  in  hand.  Supposing  the 
readings  to  be 

a,  a„  a,j  o- 

(Example)  +3-7    -2-7    -t-3-5    -2-4    +  3-.5 
we  have  for  a  the  values :  a,  +  a„  =  -)- 1-0  ;  a.,  + 
=  +  0-8  ;  aj  +  a^=  +  1-1 ;  a,  +  a^  =  +  11.  -  Mean 
=  -M-0. 

The  mean  value  of  the  four  results  is  put 
down  as  the  value  of  a.  Supposing  a,  through 
the  addition  of  A  milligrams  to  the  right 
charge  to  increase  by  n  demi-degrees,  then 

E  =  ~{ =  2  '  E  '  in  the  sense  of  our  equation 
(2))  is  the  sensibility  in  demi-degrees;  and  its 
reciprocal  E"' =  ^  ^=  ~  .  .  .  of  equation  (2)j 

the  weight-value  of  the  demi-degree  in  milli- 
grams. Supposing  the  values  for  a  obtained 
with  abnormal  positions  of  the  charges  to  be 
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a,,  a„,  Oj,  &c.  instead  of  the  mean  value  a,, 
corresponding  to  the  centrally  placed  charges, 
then  (.'!„- a, )E-' =  i;,,  (a„-a.)E-' =  Ac,  give 
each  a  value  for  the  incmistancy  of  the  balance 
in  milligrams  (or  rather  fractions  of  a  milli- 
gram, it  is  to  be  hoped).  According  to  a  rule 
deduced  from  the  law  of  frequency  of  error,  the 
computation 

0-845 

•  •  • 

where  all  the  v's  must  be  taken  as  positive, 
gives  the  '  probable  '  weight-value  of  the  devia- 
tion of  any  one  a  from  o,,,  meaning  that  value  of 
—  a)E"'  which,  in  a  very  large  number  of 
determinations,  is  as  often  exceeded  as  not 
reached.  But  ia  practice  the  number  of  deter- 
minations made  is  never  sufficiently  great  to 
bring  out  anything  like  a  close  approximation  to 
the  law,  audit  suffices  to  take  r  as  being  equal  to 
0-845  times  the  mean  of  all  the  values  v,  and 
adopt  it  as  sufficiently  near  to  the  theoretical  '  e.' 
The  probability  that,  in  a  given  case,  (a,,— o)E"' 
exceeds 

2r  3r  4r  5r 

is  0-18      0  04      0-007      0  0007 
respectively. 

In  these  determinations,  if  the  balance  lacks  j 
a  microscopic  reading  arrangement,  it  is  as  well 
to  read  from  a  distance  with  a  telescope,  to  avoid 
the  parallactic  error  which  we  have  no  right  to 
charge  against  the  balance. 

Determination  of  h. — All  that  is  necessary  is 
to  determine  the  weight  value  of  one  degree  in 
the  sense  of  equation  (2)  for,  saj',  p  - 100,  75, 
50,  25,  0  grams,  and  to  calculate  the  corre- 
sponding values  h.  In  a  good  balance  h  is  so 
small  that  (supposing  our  rule  regarding  the 
adjustment  of  the  bob  to  be  followed),  the  sensi- 
bility remains  almost  constant  from  p  =  0  to 
p  =  100  grams.  Hence,  practically,  it  suffices 
to  adjust  the  bob  so  that  at  a  convenient  average 
cliarge  (where  'average'  refers  to  the  most 
frequently  occun-ing  values  of  p)  one  demi- 
degree  corresponds  to  say  A  or  ^  of  a  milligram 
exactly,  and  then  to  see  what  it  is  at  other 
charges.  If  there  is  no  sufficient  constancy  we 
enter  the  values  E"'  found  on  a  system  of  rect- 
angular co-ordinates  in  function  of  the  charges 
p,  and  draw  the  nearest  curve  to  the  points. 
This  curve  (if  h  were  absolutely  constant)  would 
be  a  straight  line.  In  any  case  it  supplies  the 
data  for  a  table  of  values  for  E"'.  This  table, 
however,  must  not  be  relied  on  in  standard 
weighings,  because  the  value  h  is  subject  to 
changes,  for  this  reason  amongst  others,  that  the 
agate  of  the  knives  has  a  dillerent  co-efficient 
of  expansion  from  the  metal  of  the  beam. 

Tlic  arm-lengths.— 'Fox  the  detcnnination  of 
the  ratio  of  the  arm-lengths,  the  orthodox  method 
(for  a  hectogram  balance)  is  to  adjust  two  hecto- 
gram-pieces to  exact  equality,  and,  after  having 
established  equilibrium,  to  put  one  into  the  left 
and  the  other  into  the  right  pan,  etc.  But  in 
practice  the  following  anethod  is  better.  Take 
any  two  fairly  well  adjusted  hectograms,  and 
viewing  them,  one  as  a  itatidard  representing 
100,000,  the  other  as  an  object  weighing  x  milli- 
grams, go  through  the  ordinary  operation  of 
weighing  once  with  the  object  in  the  left  pan 


and  ihe  standard  in  the  right,  and  once  the 
other  way. 

Supposing  (using  S  as  a  symbol  for  100,000 
milligrams)  we  find 

xV  =  (S  +  5,)r  I 

a:r  =  (S-h5,)r  II 

(where  any  5  may  be  negative)  wo  have  by  divi- 
sion of  I  by  II,  and  subsequent  multiphcation 
with  I" :  r, 

Kl")     ii  +  S.,  j^5j 

whence,  as  a  sufiicient  approximation, 

No  maker  who  has  a  name  to  lose  would 
care  to  send  out  a  precision  balance  in  which 

7' 

1_—  is  more  than  ±0  00005  at  the  outside,  al- 
though for  any  scientific  purpose  a  considerably 
greater  error  could  be  tolerated.  The  corre- 
sponding adjustment  indeed,  while  of  the  first 
importance  in  commercial  balances,  in  precision 
balances  is  in  a  sense  irrelevant. 

XJNEQU.U.-ARMED  LeVER  B.UiANCES. 

(1)  The  stcchjai'd  or  Roman  balance. — In  it 
only  the  shorter  arm  (of  the  length  I)  bears  a 
pan ;  the  longer  arm,  by  notches  cut  into  its 
back,  is  divided  into  parts  of  equal  length,  I  be- 
ing the  unit.  The  working  points  or  lines  of 
the  notches  should  lie  in  the  plane  of  the  two 
edges,  being  so  many  bearings  for  the  knife-edge 
forming  part  of  a  sliding  weight  adjusted  to  P 
units.  Tlie  unloaded  balance  is  in  its  position  of 
rest  when  the  beam  stands  horizontal.  To 
weigh  a  body,  it  is  placed  in  the  pan  and  the 
sliding  weight  shifted  forwards  from  notch  to 
notch  until  (when  the  weight  hangs  at  the 
distance  nl  from  the  axis  of  rotation)  the  beam 
is  again  at  rest  in  its  horizontal  position.  We 
then  have  for  the  weight  sought 

xZ  =  nZ  P  or  a;  =  M  P. 

As  fully  explained  above,  the  principle  of  the 
steelyard  is  discounted  in  tlie  modern  precision 
balance  for  the  determination  of  smiUl  differ- 
ences of  weight.  In  theory  there  is  no  objection 
to  its  extension  to  the  determination  of  weights 
generally,  but  the  technical  difficulties  to  be 
overcome  are  great.  On  nn  cqual-anncd  balance, 
whose  beam  is  divided  into  100  equal  parts 
(from  end  to  cud),  all  weights  from  0  0001  to 
100  gi-anis  might  be  detei-mincd  with  three 
riders  weighing  half  of  (100,  1,  and  0-01)  gram 
respectively,  but  the  realisation  of  101  exact 
pivots  is  no  small  matter.  Where  relatively 
high  precision  is  aimed  at,  it  is  better  to  provide 
only  a  small  number  of  notches  (say  10)  and 
have  a  set  of  riders,  weighing  say  10,  1,  0-1, 
0-01  grams  respectively.  The  specific  gravity 
balances  of  Westphal  of  Celle,  are  made  on  this 
principle.  It  strikes  us  that  the  steelyard 
principle  might  be  discounted  for  the  decimal 
subdivision  of  weights,  thus  : 

Imagine  a  precision  balance  whose  two  arms 
measure  10  Z  aud  11 Z  units.  10  grams  placed  in 
the  pan  of  the  longer  arm  are  balanced  by  10  +  1 
grams  placed  in  that  of  the  shorter ;  hence  a 
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1  gram  piece  may  be  adjusted  after  two  exact  10 
gram  pieces,  &c. 

The  tangent  balance  has  only  one  short  arm, 
from  which  the  pan  is  suspended ;  its  centre  of 
gravity  lies  low,  so  that  the  momentum  staticum 
Ws  of  the  beam  assumes  a  high  value,  and  even 
a  considerable  weight  placed  in  the  pan  produces 
only  a  moderate  angle  of  deviation.  The  needle 
moves  along  a  circular  limb  divided  so  that  the 
readings  are  proportional  to  the  tangents  of  the 
respective  angles  of  deviation,  and  give  the 
corresponding  weights  directly.    The  eqaation 

A  =  ^^-^Y^^  (see  equation  (1)  above)  holds  theo- 
retically for  any  value  A ,  but  the  angular  devia- 
tion corresponding  to  1  gram  of  additional  charge 
becomes  less  and  less  as  the  charge  increases. 
The  tangent  balance,  though  useful  for  the  rough 
weighing  of  letters,  parcels,  Ac,  is  not  available 
for  exact  gravimetric  work. 

CoMPOTTNi)  Lever  Baiances. 

In  all  these,  practical  convenience  and  rapid 
working  are  gained  at  the  expense  of  jsrecision. 
In  the  Rohcrval  balance  the  jjans  are  above  the 
system  of  levers  (which  as  a  rule  is  concealed  in  a 
box),  so  that  there  is  I'oom  for  bodies  of  even  large 
dimensions.  Our  diagram,  fig.  8,  is  intended  to 
explain  only  iwincipla  of  the  machine,  which 
in  practice  assumes  an  endless  variety  of  forms. 


Fig.  8. 

The  beam  consists  of  two  parallel  vertical 
parallelograms  of  which  only  the  front  one  is 
represented  in  our  figure,  r  and  /  (and  f'  and 
/'  in  the  other  parallelogram)  are  fixed  pivots, 
A,  B,  a  and  b  (a',  b',  a',  b',  behind)  are  mov- 
able joints.  On  each  side  a  horizontal  bridge 
connects  a  point  d  on  the  vertical  side  a  a  (and 
a  similar  point  on  b  6)  with  a  corresponding  point 
d'  on  the  back  parallelogram  (so  that  for  instance, 
A  a,  a'  a',  D  d'  form  one  piece)  and,  from  tlie 
centres  of  these  bridges,  vertical  rods  are  rising 
which  support  the  pans.  Supposing  each  pan  to 
be  charged  with  P  pounds,  the  centre  of  gravity 
of  either  of  these  two  equal  charges  may  lie  in 
any  of  a  great  many  positions  about  the  respec- 
tive pan,  yet  the  statical  effect  is  the  same  as  if 
it  were  concentrated,  one  in  the  centre  of  the 
one  bridge,  and  the  other  in  the  centre  of 
the  other ;  the  two  charges  will  balance  each 
other,  because,  if  the  centre  of  gravity  of  one 
descends  by  h  mm.  that  of  the  other  rises  by 
h  mm.,  so  that  the  work  P  h  is  the  same  on  both 
sides.  An  over-weight  added  to  one  of  the 
charges  will  bring  down  that  side.  The  bars 
AB  and  a'b'  are  relatively  heavy  beams,  the 
lower  bars  a  b  and  a'  b'  are  light.  Hence  it 
depends  chiefly  on  the  distribution  of  the  mass 
in  the  beams  a  b  and  a'  b'  whether  the  balance 
(if  nearly  equally  charged)  has  a  definite  posi- 
tion of  rest ;  but  even  if  it  has,  it  will  never 


vibrate  like  an  ordinary  balance,  on  account  of 
the  great  friction  in  the  numerous  pivots.  If  it 
could  only  be  cured  of  this  defect,  the  Koberval 
would  be  the  ideal  balance  for  the  counter  or 
ordinary  weighings  in  the  laboratory.  This 
problem  has  been  to  some  extent  solved  in  the 
torsion  balance  of  Springer,  in  which  the  axes 
are  realised  in  stretched  out  horizontal  bands 
of  elastic  steel,  which  act,  so  to  say,  as  knives 
and  bearings  in  one. 

The  ^  torsion  balance'  is  made'  in  a  great 
variety  of  forms,  but  the  principle  of  construction 
is  the  same  in  all.    Tlie  following  description  is 


Fm.  9. 

based  upon  the  examination  of  what  was  sold  as 
a  high-class  pair  of  counter-scales  for  loads  up 
to  20  lbs.  As  shown  by  fig.  9,  the  balance  con- 
sists of  two  parallel  beams  united  into  a  flexible 


Fio.  10. 

parallelogram  by  means  of  three  vertical  frames, 
the  bond  of  union  in  the  case  of  each  frame  con- 
sisting of  two  horizontal  bands  of  elastic  steel, 
which  bridge  over  certain  gaps  of  the  frames, 
the  middle  portion  of  each  band  being  firmly 
united  with  the  respective  beam  end  at  its  lower 
side  by  means  of  a  screwed-on  block  of  metal. 
In  this  instrument  the  beams  measure  290  mm. 

'  By  the  Tor=ion  Balance  and  Scale  Company,  92  Tte.itle 
Street,  New  York. 
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from  end  pivot  to  end  pivot,  the  steel  bands  are 
5'ti  mm.  broad  and  0°49  mm.  thick ;  the  length 
of  the  working  part  of  a  band  is  58  mm.,  29  on 
each  side  of  the  beam.  The  middle  band  lies 
below  the  plane  of  tlie  two  end  bands  by  about 
2  mm.  The  central  frame,  which  does  service  as 
a  pillar,  is  fixed  to  the  sole  of  the  instrument, 
the  end  frames  are  fixed  only  to  their  respective 
beam  ends.  Fig.  10,  which  is  drawn  to  scale,  re- 
presents one  of  the  end  frames.  The  two  steel 
bands  of  each  frame,  though  independent  of  each 
other  in  their  action,  are  really  parts  of  one 
continuous  band  which  is  wound  tightly  round 
the  edge  of  the  frame,  the  ends  meeting  in  b  or  b', 
where  they  are,  we  presume,  riveted  on.  To 
give  them  the  requisite  degi'ee  of  high  tension, 
the  frame,  of  which  part  of  the  right  side  is 
movable,  is  stretched  laterally  (by  means  of  pegs 
fixed  to  the  two  sides  of  a  vice  and  slipped 
through  the  two  holes  of  the  frame)  and  the  gap 
which  is  thus  produced  between  the  two  halves 
of  the  right  side  of  the  frame  is  made  permanent 
by  means  of  metal  plates  wedged  into  it.  The 
central  frame  is  somewhat  differently  shaped 
from  the  lateral  ones ;  the  upper  ring,  r,  is 
omitted,  to  enable  the  upper  beam  to  pass  freely 
through  between  the  legs  of  a  stool  fixed  to  the 
lower  and  terminating  into  a  vertical  peg  which 
serves  as  a  needle  and  carries  a  globular  gravity 
bob.  The  bob,  which  in  the  case  of  the  balance 
under  consideration  weighs  458  grams,  i.e.  more 
than  a  pound,  can  be  raised  or  lowered  to  enable 
the  sensibility  of  the  instrument  to  be  varied. 
The  system  of  beams  is  inclosed  within  a  case 
of  plate-glass  ;  the  top  plate  supports  an  arch 
made  of  a  metal  tube  from  which  an  ivory  scale 
graduated  on  both  sides  is  suspended  vertically 
so  that  its  lower  edge  runs  through  a  notch  in 
the  upper  sharpened  end  of  the  needle  to  enable 
the  vibrations  to  be  read  from  either  side. 

To  explain  the  working  of  the  instrument, 
let  us  for  a  moment  substitute  for  the  steel  bands 
so  many  linear  wires,  which,  though  unbend- 
able,  offer  no  resistance  to  torsional  disfigure- 
ment. The  torsion  balance  thus  modified  is  in 
theory  identical  with  the  ideally  perfect  '  Kober- 
val,'  and,  if  the  centres  of  gravity  of  the  beams 
are  in  their  axes  of  rotation,  the  parallelogram 
will  be  in  a  state  of  indifferent  equilibrium  at  any 
shape  which  it  may  assume.  To  give  it  a  de- 
finite jjosition  of  rest,  we  must  either  shift  (let 
us  say  one  of)  the  centres  of  gravity  vertically 
downwards,  or  else  we  must  endow  our  ideal 
wires  with  torsional  elasticity,  which,  of  course, 
brings  us  back  to  the  actual  instrument.  But 
the  torsional  elasticity  of  the  steel  bands  is  very 
considerably  more  than  we  want ;  its  effect  on 
the  sensibility  is  the  same  as  if  (supposing  the 
upper  beam  is  suspended  at  its  centre  of  gravity) 
that  of  the  lower  lay  at  a  very  considerable  depth 
below  its  axis  of  rotation.  To  give  the  balance 
a  sufficient  degree  of  sensibility,  we  must  raise 
the  centre  of  gravity  of,  say,  the  lower  beam, 
until  the  stability  of  the  position  of  rest  is  reduced 
to  a  suHiciently  small  value.  In  the  actual  in- 
strument this  is  effected  by  means  of  the  heavy 
gravity  bob  above  referred  to. 

The  principal  advantage  claimed  for  the 
torsion-balance,  in  contradistinction  to  the 
Roberval  balance,  is  its  freedom  from  friction  ; 
ftuJ  this  advantage  it  undoubtedly  possesses,  but 


it  is  compensated  for  to  a  large  extent  by  the 
unavoidable  viscosity  in  the  elastic  bauds.  The 
instrument  described  above,  when  equally  charged 
on  both  Bides,  and  with  the  bob  sufficiently 
far  down,  vibrates  like  a  precision  balance  of  a 
high  order;  the  position  of  rest  as  calculated 
from  a  series  of  couples  of  successive  deviations 
of  the  needle,  is  remarkably  constant  up  to  at 
least  a  charge  of  5  kilos,  on  each  side ;  but  once, 
when  we  determined  the  sensibility  at  first  with 
no  charge,  then  at  a  charge  of  2  kilos.,  and  lastly 
for  a  charge  of  5  kilos.,  and  then  redetermined 
the  sensibility  of  the  unloaded  instrument,  we 
foimd  that  it  was  out  of  equilibrium  to  the  extent 
of  more  than  a  decigram.  We  also  found  that 
the  reading  of  the  balance  is  not  quite  indepen- 
dent of  the  position  of  the  loads  on  the  pans. 

The  ordinary  decimal  balance,  as  used  for 
weighing  heavy  loads,  is  a  combination  of  levers 
as  shown  infig.  11.  a,  6,c,  (f,e, areaU  joints 

9  A  


Fio.  11. 

or  pivots ;  a  and  h  rest  on  the  fixed  frameworic 
of  the  machine  and  consequently  indirectly  on 
the  ground,  c  rests  on  the  lever  ab.  In  the 
actual  machine  c  d  supports  the  bridge  which 
accommodates  the  load,  while  a  pan  suspended  at 
/  receives  the  weights.  The  pan  is  so  adjusted 
that  it  counterpoises  the  bridge.  Suppose  the 
load  amounts  to  P  units  and  its  centre  of  gravity 
lies  vertically  above  i ;  a  portion  Pc  presses  on 
the  knife-edge  at  c  and  the  rest  Pj  =  P  —  P^  pulls 
at  d  and  with  the  same  force  at  g.  Now  P^  pull- 
ing at  c  is  equivalent  to  a  less  force  i,Pe  pulling  at 

b,  and  bP^  .  a6  =  Pc  .  ac,  whence  i,Pc  =  Pr-f-  But 

no 

hPc  pulling  at  6  or  c  is  equivalent  to  a  greater 
force  gPc  pvdling  at  g  and  gPc  .  <;/i  =  bPc  •  5 

hence  ,P,  =  £L\bPe  =  ^.^.Pc. 
^  ^   gh  ^   gh  ah  " 

The  dimensions  are  so  adjusted  that-^  =  — 

gh  ac 

whence—  .—  =  1;  hence  the  joint  effect  of 
gh  ab 

Pc  and  P,i  at  g  is  the  same  as  if  they  both,  i.e. 
P,  were  suspended  at  g ;  and  if,  for  instance,  gh 
is  Y„th  of  h  f,  ,\;th  P  units  in  the  pan  will  balance 
the  P  units  lying  on  the  bridge.  In  many 
balances  of  this  kind  the  long  arm  /(/  is  divided 
so  that  lesser  weights  can  be  determined  by 
means  of  a  rider. 

Elasticity  Balances. 
Imagine  an  elastic  solid  body — beam,  wire, 
spiral,  &c.  — to  be  held  fast  in  one  or  more 
fixed  points,  and  suppose  some  one  other  point 
a  to  be  used  as  a  pivot  for  the  su:>pension 
of  a  load  of  P  units.  Point  a  will  sink  until, 
at  a  certain  depth  7),  the  strain  doveloped  by 
the  deformation  of  the  working  body  balances 
that  weight  P.  As  long  as  the  working  body  is 
not  stretched  beyond  its  limit  of  perfect  elas- 
ticity, the  length  h,  if  not  proportional  to,  is  at 
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least  a  fixed  function  of  P ;  hence  the  path  of  ! 
a  can  be  graduated,  at  least  empirically,  so  that 
each  point  of  the  scale  corresponds  to  a  fixed 
number  of  units  of  weight.  This  is  the  general  ' 
principle  of  the  multitude  of  spring  balances. 
Sometimes  a  relatively  strong  spring  is  used  to 
eifect  only  a  small  displacement  of  a  even  with 
the  highest  charge,  but  this  displacement  is 
then  multiplied  by  a  system  of  levers,  so  that 
the  least  difference  of  weight  which  the  balance 
is  meant  to  show  becomes  visible.  In  a  very 
neat  kind  of  spring-balance,  which  has  become 
poijular,  the  displacement  of  a  is,  by  means  of 
levers  and  a  toothed  wheel,  translated  into  the 
circular  motion  of  a  needle  which  moves  along  a 
divided  circular  limb  like  the  hands  of  a  clock 
on  their  dial. 

Jolly  constructed  a  quasi  precision  spring- 
balance  for  sp  gr.  determinations  thus  : — A  long 
spiral  of  wire  is  suspended  vertically  in  front 
of  a  vertical  millimetre-scale,  etched  on  a  strip 
of  plate  glass  which  is  silvered  behind,  so  as  to 
avoid  the  error  of  parallax.  From  the  lower  end 
of  the  spiral  a  light  pan  is  suspended  ;  the  index 
is  close  above  the  pan  at  a  convenient  point. 
The  instrument  has  never  come  into  general 
use,  because  any  second-class  precision  balance 
beats  it  in  every  sense.  A  similar  remark,  ap- 
plies to  an  ingenious  little  instrument  invented 
by  Eitchie  for  the  determination  of  minute 
weights. 

Ritchie's  balance  consists  of  a  very  light 
beam  whose  axis  of  rotation  passes  through  its 
centre  of  gravity,  and  which  is  firmly  united 
with  a  thin  horizontal  wire  which  lies  in  the 
axis  of  rotation.  The  hind  end  of  the  v^ire  is 
absolutely  fixed  to  the  stand ;  the  front  end 
forms  the  continuation  of  the  axis  of  a  circular 
pin  revolvable  within  a  circular  bearing.  A 
needle  fixed  radially  to  the  pin  points  to  a 
divided  circular  limb.  The  empty  balance  is  so 
arranged  before  use  that  the  beam  when  hori- 
zontal is  at  rest.  To  determine  a  small  weight 
{x  mgr.),  it  is  placed  in,  say,  the  right  pan,  and  the 
wire  turned  from  the  right  to  the  left  by  turning 
the  pin  until  after  the  needle  has  passed  through 
a  degrees  (where  a  may  be  more  than  360°)  ;  the 
beam  is  again  at  rest  when  horizontal.  We 
then  have  x  =  const,  a.  The  constant  must  be 
determined  by  experiments  with  known  weights. 
Sartorius  of  Gottingen  used  to  apply  the  Kitchie 
arrangement  to  his  precision  balances  for  the 
determination  of  differences  of  weight  from  10 
mgrs.  downwards  (Bibl.  6),  but  he  has  long  since 
given  up  the  notion :  at  any  rate  it  is  no  longer 
to  be  seen  in  his  price-list.  A  Ritchie  balance 
might  perhaps  do  well  for  the  adjusting  of  small 
weights,  but  a  small  precision  steelyard  would 
work  infinitely  better. 

Sartorius'  combination,  if  jjrovided  with  a 
relatively  strong  ^vire,  might  make  a  handy  in- 
strument for  the  rapid  (approximate)  determina- 
tion of  weights  without  the  use  of  any  standard 
mass  less  than  one  gram. 

The  Hydrosi.^tic  Bal-Ince 

is  a  hydrometer  provided  with  a  relatively  large 
body  and  a  narrow  neck,  and  so  adjusted  that  it 
weighs  considerably  less  than  its  own  volume  of 
water.  The  top  end  of  the  neck  bears  a  hori- 
zontal table,  which  serves  as  a  pan,  or,  what  is 


better,  is  provided  with  a  horizontal  system  of 
cross-bars,  from  whose  ends  a  pan  is  suspended 
by  means  of  wires  or  chains,  below  the  shelf 
supporting  the  vessel  containing  the  floating 
hydrometer.  A  certain  weight  P,  placed  in  the 
pan,  brings  down  the  hydrometer  so  far  that  the 
surface  of  the  water  touches  a  certain  mark  on 
the  stem.  If  an  unknown  weight  x  requires  to 
be  supplemented  by  standard  weights  equal  to  p 
units,  to  produce  the  same  effect,  a;  h-  p  =  P,  or 
X  =  P  -p.  Even  for  P  =  let  us  say  2  kilos.,  the 
neck  need  not  be  thicker  than  an  ordinary 
knitting  needle,  so  that  the  milligram,  as  a 
difference  of  weight,  becomes  perceptible.  Wher- 
ever a  precision  balance  has  to  be  extemporised 
this  instrument  is  useful ;  but  it  has  no  other 
raison  d'etre.  Indeed  of  all  the  multitude 
of  machines  wdiich  the  science  of  mechanics 
places  at  our  disposal  for  the  measurement  of 
weights,  the  equal-armed  lever-pendulum  is  the 
only  one  which,  so  far,  has  worked  satisfactorily 
for  precise  gravimetric  determinations. 

A  balance  based  on  dynamical  principles  has 
been  proposed.  Imagine  a  pendulum  provided 
with  a  shiftable  bob  above  the  fulcrum,  and 
carrying  a  pan  attached  to  the  bottom  end  of 
the  rod  by  a  hook-and-eye.  In  a  given  instru- 
ment the  time  of  vibration  is  a  function  of  the 
distance  of  the  bob  from  the  fulcrum,  and  of  the 
weight  X  of  the  object  in  the  pan,  and  conse- 
quently the  weight  a;  is  a  function  of  the  other 
variables. 
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184.  A  Report  on  Apparatus  for  Measuring 
Small  Weights  by  the  Torsion  of  Wires  :  Hooke, 
Ritchie,  Sartorius.  Full  drawing  of  Sartorius' 
contrivance  on  page  188. 

(6)  Dittmar ;  Waage  des  Cheniikers ;  same 
Journal,  year  1881,  313-326. 

(7)  Dittmar;  same  Journal,  year  1882,  63; 
Mikroscopisclie  Ablesungsvorrichtung  fur  feine 
Waagen. 

(8)  Dittmar;  E.  Soc.  Ed.,  Proc.  for  1876; 
C.  N.  33,  157.  W.  D. 

BALANOPHONE  WAX  v.  Wax. 
BALATA.  The  gutta  of  two  species  or  sub- 
species of  the  bully-  or  buUet-tree,  Miimisops 
'  Balata  and  M.  globoscc  (order  Sapotacese) ,  found  in 
Jamaica,  Trinidad,  Venezuela,  British  and  French 
Guiana.  The  sap  of  the  bullet-tree  is  extracted 
from  the  laticiferous  cells  of  the  bark  by  means 
of  incisions  made  in  the  tree,  either  as  it  stands 
or  after  being  felled.  In  the  former  case  the 
life  of  the  tree  may  be  spared  by  careful  tapping, 
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or  sacrificed  by  ignorant  or  careless  treatment. 
As  the  milk  drops  from  the  wounds  thus  made 
it  is  collected  in  calabashes,  which  are  emptied 
from  time  to  time  into  larger  vessels,  in  which 
the  produce  is  carried  to  the  encampment  where 
the  drying  takes  place.  The  product  of  a  growing 
tree  of  16  to  20  inches  diameter,  bled  upward 
from  its  base  to  8  feet  high— i.e.  as  far  as  a  man 
standing  on  the  ground  can  reach  with  his  axe  — 
is  about  3  pints  of  milk ;  if  a  ladder  is  used  the 
yield  may  be  twice  as  much.  An  active  man  will 
thus  collect  from  2  to  5  gallons  of  milk  in  a  day, 
going  from  tree  to  tree.  The  quantity  extracted 
from  a  felled  tree  is  several  times  greater,  an 
average  good  size  tree  yielding  4  gallons  of 
balata  milk,  equal  to  20  pounds  of  the  dried 
substance. 

The  milk  is  remarkably  white,  which  appear- 
ance it  will  retain  for  a  long  time  if  sealed  up 
after  the  first  slight  fermentation  which  follows 
its  collection  has  taken  place.  In  drying  by  ex- 
posure to  the  air  it  becomes  externally  a  dark 
brown,  but  when  precipitated  by  spirit  it  remains 
white.  The  loss  by  drying  of  an  average  sample 
of  milk  is  less  than  one  half  of  its  weight.  A 
sample  gathered  in  British  Guiana  in  the  month 
of  April,  when  the  rain  was  light  and  the  sap 
consequently  in  a  normal  condition,  contained, 
water  39"04  p.c,  balata  GO-31  p.c,  and  mineral 
matter  0'65  p.c. 

According  to  Hugo  Miiller  balata  combines 
the  characteristics  of  gutta-percha  and  india- 
rubber.  Its  strength  is  very  great,  and  it  does 
not  stretch  under  tension.  Its  electrical  in- 
sulating property  is  quite  equal  to  that  of  gutta- 
percha. 

According  to  Bolas,  balata  is  simply  an  ex- 
cellent quality  of  gutta-percha.  Its  chemical 
composition  is  identical  with  that  of  gutta- 
percha and  caoutcliouc. 

BALDWIN'S  PHOSPHORUS  v.  Calcium. 

BALL  SODA  v.  Soda  mandfactdre. 

BALLOON  or  FLEXIBLE  VARNISH  v. 
Vaiini.sii. 

BALM  OF  COPAIBA  v.  Oleo-eesins. 

BALM  OF  GILEAD,  BIccca-  or  Opobalsam,  v. 
Oleo-kesins. 

BALSAMS.  The  exudations  of  plants,  whe- 
ther spontaneous  or  promoted  by  incisions  made 
in  their  stems  or  roots,  consist  chiefly  of  resin, 
gum,  volatile  oil,  and  certain  aromatic  acids,  or 
mixtures  of  these.  The  rcshis  are  characterised 
by  insolubility  in  water  and  solubility  in  alcohol, 
the  gimis  by  solubility  in  water  and  insolubility 
in  alcohol,  and  both  by  not  being  volatile  without 
decomposition.  Volalile  oils  may  be  distilled 
unchanged,  and  are  solvents  of  resins.  They  are 
not  obtained  by  the  method  of  exudation  except 
■when  they  hold  large  quantities  of  resin  in  solu- 
tion, giving  rise  to  the  important  class  of  olco- 
resms— such,  for  instance,  as  the  so-called 
Canada  balsam.  Gunj  arable  is  a  familiar  in- 
stance of  a  gum  obtained  direct  from  the 
plant;  mastic  is  an  instance  of  a  resin.  The 
class  of  gmn-rcsins  may  be  represented  by 
myrrh. 

Now  amongst  these  resins  and  oleo-resins 
there  is  a  group  the  members  of  which  are  marked 
by  possessing  a  peculiar  fragrant  odour  and 
agreeable  pungent  taste,  which  is  duo  to  the 
presence  of  free  or  combined  cinnamio  or  ben- 


zoic acid.  These  are  the  balsams,  and  it  is 
I  convenient  to  consider  them  as  a  class  by  them- 
,  selves.  The  word  balsam,  it  is  true,  has  some- 
times been  used  in  a  wider  sense,  indeed  it  was 
originally  employed  for  an  oleo-resin  resem- 
bling the  so-called  Canada  balsam ;  but  it  is 
more  convenient  to  restrict  the  term  to  resins  or 
!  oleo-resins  whicli  contain  ciiwamic  or  benzoic 
j  acid.  The  balsams  have  long  been  familiar  to 
j  writers  on  mati-ria  medita,  some  of  them  being 
,  known  to  Pliny,  and  even  earlier  to  the  Greek 
physicians.  They  are  favourite  constituents  of 
the  incense  used  in  the  Greek  and  Roman 
churches,  and  while  they  cannot  be  said  to  have 
an  important  therapeutic  value,  they  are  re- 
puted mild  tonics  and  stimulants  and  are  a 
common  flavouring  agent  in  expectorant  medi- 
cines. The  following  are  the  more  important :  — 
Benzoin.  Gnm  Benjamin  ;  BcmcHmim  ; 
Benzoin  (Fr.) ;  BenzoifJiarz  (Ger.).  The  ben- 
zoin of  Java  and  Sumatra  is  derived  from 
the  thick-stemmed  trees  of  Stijrax  Benzoin 
(Dryander,  Tr.  1787,  303  ;  Bentl.  a.  T.  109),  while 
the  more  highly  prized  Siam  benzoin  is  probably 
obtained,  according  to  Royle,  from  the  Sti/ra-x 
F inlay soniana  (Wall).  The  source  of  Siara 
benzoin  is,  however,  still  uncertain  (Holmes, 
Ph.  [3]  14,  354).  The  first  European  wTiter  to 
mention  benzoin  is  Batata,  who  travelled  in  the 
East  early  in  the  fourteenth  century,  and  from 
that  time  to  the  present  day  the  drug  has  been 
an  established  article  of  materia  medica.  It  is 
largely  used  for  incense  and  in  the  preparation 
of  fumigating  pastilles,  and  enters  into  the 
well-known  Friar's  Balsam  or  compoimd  tinc- 
ture of  benzoin,  a  favourite  dressing  for 
wounds. 

The  juice  exudes  from  the  trees  as  the 
result  of  incisions,  and  it  is  allowed  to  harden 
before  it  is  removed.  During  the  first  three  years 
of  the  life  of  a  tree  the  balsam  dries  in  the  form 
of  tears.  This  is  called  luMcL  benzoin  and  is 
the  most  highly  reputed.  A  less  esteemed 
variety  is  obtained  during  the  following  seven  or 
eight  years,  which  is  browner  in  colour  and  is 
called  bellij  benzoin.  Lastly,  the  trees  are  split, 
and  the  commoner  foot  benzoin  is  scraped  off 
(c/.  Fl.  a.  H.  405). 

Benzoin  consists  essentially  of  a  mixture  of 
resins  together  with  uncombined  benzoic  and 
sometimes  ciunamic  acids.  The  resins  are  en- 
tirely soluble  in  solution  of  potash  and  in  alco- 
hol, but  by  their  behaviour  toward  other  solvents 
they  have  been  distinguished  as  a-rcsin,  fi-resin, 
etc.  (Unverdorbon,  P.  8,  3'.»7 ;  Kopp,  C.  R.  19, 
1269  ;  Van  der  Vliet,  A.  34,  177).  The  yield  of 
benzoic  acid  varies  from  12  to  20  p.c,  beuig  on 
an  average  about  14  p.c.  Two  methods  are 
adopted  for  its  extraction.  By  the  first  the 
benzoin  is  mixed  with  sand  and  heated  in  a 
suitable  vessel,  over  which  is  placed  a  paper  or 
other  receiver  to  collect  the  vapours  of  benzoic 
acid,  which  condense  in  beautiful  tufts  of  acicu- 
lar  crystals.  The  second  method  consists  of 
boiling  the  benzoin  with  milk  of  lime,  filter- 
ing, and  after  concentration  of  the  calcium 
benzoate  solution  thus  obtained,  precipitating 
the  benzoic  acid  by  hydi-ochloric  acid.  Cinna- 
mic  acid  was  detected  in  Siam  and  Penang 
benzoin  by  Kolhf  and  La  itLMuann  (.\.  115,  113; 
119,  130) ;  and  in  Sumatra  benzoin  by  AscLoft 
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(J.  1861,  400).  Benzoin  contains  traces  of 
volatile  oil.  Eump  (B.  11,  1634)  found  vanillin 
in  Siam  benzoin.  Siamese  benzoin  has  been 
further  examined  by  Hirschsohn  (P.  Z.  2.3,  601). 
Compare  also  Wiesner  (J.  1872,  lOGO),  Deville 
(A.  Ch.  (3)  3,  192),  Theegarten  (J.  1874,  922),  and 
Ciamician  (B.  11,  274). 

Benzoin,  with  the  exception  of  woody  frag- 
ments always  present  in  the  cake  variety,  should 
dissolve  in  ttve  times  its  weight  of  alrohol,  and 
this  solution  should  give  with  water  a  milky 
emulsion  having  anac'd  reaction.  When  benzoin 
is  boiled  with  milk  of  lime,  the  hot  filtrate 
should  not  give  off  the  odour  of  oil  of  bitter 
almond  on  the  addition  of  a  solution  of  perman- 
ganate of  potassium.  This  latter  test  guards 
against  the  addition  of  cinnamic  acid  (c/. 
U.S.  and  Ger.  Pharm.). 

Peru.  Balsaminn  Peruvianum ;  Baumc  de 
Piirou  (Fr.) ;  Perubalsam  (Ger.). 

A  dark  molasses-like  liquid  obtained  in  the 
State  of  Salvador  in  Central  America  from  trees 
of  Myroxylon  Pereira  (Klotzsch).  Description 
V.  Bentl.  a.  T.  83.  Balsam  of  Peru  was  pro- 
bably introduced  into  Europe  soon  after  the 
Spanish  conquest  of  Guatemala  in  1524  (Fl.  a.  H. 
206).  The  bark  is  bruised  and  scorched  late  in 
the  autumn,  and  the  exudation  excited  by  this 
means  is  collected  (Fl.  a.  H.  207  ;  Dorat,  Am.  J. 
Pharm.  [3]  8,  802  ;  Hanbury,Ph.  [3]  5,  241,  315). 

Balsam  of  Peru  sinks  in  water,  in  which  it 
is  insoluble.  It  has  a  sp.gr.  of  1"135  to  1-150. 
It  is  soluble  in  absolute  alcohol,  chloroform, 
acetone,  and  glacial  acetic  acid.  Examined  by 
Kraut  (A.  152,  129)  and  Kachler  (B.  2,  512), 
the  chief  constituent  of  Peru  balsam  was 
found  to  be  cinnamc'in  or  benzyl  cinnamate 
C„H,.CH  :  CH.COOCjH,.  As  obtained  from 
balsam  of  Peru,  this  ether  has  not  yet  been 
crystallised,  but  in  other  respects  it  agrees  with 
that  produced  by  the  action  of  benzyl  chloride 
on  an  alkaline  cinnamate.  Kachler's  analysis  of 
Peru  balsam  is : — Cinnamic  acid  46  p.c,  benzyl 
alcohol  20  p.c,  resm  32  p.c.  Cf.  Attfield  (J. 
1863,  557) ;  Delafontaine  (Z.  1869,  156)  finds,  in 
addition  to  benzyl  cinnamate,  cinnavii/l  cinna- 
mate or  styracin  C,-H,.CH  :  CH.GOOCgH.j.  This 
observation  is  confirmed  by  the  recent  inves- 
tigation of  MacEwan  (Ph.  [3]  15,  236).  Treat- 
ing the  balsam  with  petroleum  ether  (b.p.  C5°). 
MacEwan  finds  that  the  cinnamein,  together  with 
a  little  free  cinnamic  acid,  dissolves.  The  pro- 
portion obtained  in  good  specimens  ranges  from 
40  to  50  p.c.  The  residue,  treated  with  carbon 
bisulphide,  gave  to  that  solvent  on  an  average 
about  35  p.c.  of  an  oil  with  an  odour  of  storax. 
This  oil,  subjected  to  the  action  of  alcoholic 
l^otash,  gave  oily  drops  of  what  appeared  to  be 
cinnamyl  alcohol,  and  thus,  in  view  of  Delafon- 
taine's  previous  observations,  there  cannot  be 
hiuch  doubt  that  the  balsam  contains  about  a 
third  of  its  weight  of  styracin.  The  residue  left 
by  the  bisulphide  consisted  of  resin,  which, 
according  to  MacEwan  and  Schlickum  (Ar.  Ph. 
[3]  20,  498),  is  not  present  to  a  greater  extent 
than  16  p.c,  though  previous  writers  have  stated 
it  as  high  as  40  p.c  Melted  with  potash  the 
resin  yields  protocatechuic  acid  and  benzoic 
acid  (Kachler). 

Balsam  of  Peru  has  been  much  adulterated. 
Alcohol,  fixed  oils,  copaiba,  Canada  turpentine, 


colophony,  Ac,  have  been  used  for  this  purpose. 
To  ascertain  its  purity  many  methods  have 
been  devised.  The  specific  gravity  is  important ; 
this  at  once  indicates  alcohol  if  present.  Alcohol 
may  also  be  washed  out  by  water  and  the  re- 
duction in  volume  noted.  The  U.  S.  Pharm. 
directs  10  drops  of  the  balsam  to  be  triturated 
with  20  droits  of  sulphuric  acid,  when  a  tough 
homogeneous  cherry-red  mixture  should  result. 
If  this  be  washed  after  a  few  minutes  with  cold 
water  it  should  be  converted  into  a  resinous 
mass,  which  is  brittle  when  cold.  This  test  in- 
dicates the  absence  of  fixed  oils  and  oleo-resins. 
For  other  modes  of  testing  v.  Hirschsohn  (P.  Z. 
16,  81) ;  Fliickiger  (Ph.  [3]  12,  45)  ;  Schlickum 
(Ar.  Pli.  [.8]  20,  498) ;  MacEwan  (Ph.  [3]  15,  236) ; 
Andree  (Ar.  Ph.  [3]  22,  561).  Testing  of  balsams, 
resins,  and  gum-resins  (Ph.  [3]  17,  547). 

A  Whito  Peru  Balsam  is  sometimes  pre- 
pared in  Salvador  by  expression  from  the  fruit 
of  the  Myroxylon  Pereira.  It  is  a  golden  yellow 
semi-fluid  granular  crystalline  mass  containing 
a  crystalline  resin,  myroxocarpin  Cj^H.^Oj,  to- 
gether with  styrolenc,  styracin  and  cinnamic 
acid  (Stenhouse,  A.  77,  306  ;  Pereira,  A.  77,  309  ; 
Schaiiing,  A.  97,  70 ;  Harrison  a.  Malsch,  J. 
1875,  856).  For  other  varieties  of  Peru  balsam, 
V.  FL  a.  H.,  210. 

Storax.  Liiiuid  Storax;  Balsamum  Sty- 
racis ;  Styrax  Liquide  (Fr.) ;  Fliissigcr  Storax 
(Ger.) 

Storax  balsam  is  derived  from  trees  of  Liquid- 
ambar  orientalis  (Miller),  which  are  natives  of 
Asia  Minor  {cf.  Bentl.  a.  T.  107).  This  liquid 
storax  is  nearly  related  to  another  harder  resin 
— the  exudation  of  the  Styrax  officinalis  (Linn.). 
Both  have  been  known  since  the  later  Greek 
period,  but  the  latter  is  now  no  longer  an  article 
of  commerce.  To  obtain  the  storax  the  outer 
bark  of  the  tree  is  removed  and  rejected,  and 
the  inner  bark  is  collected  and  boiled  in  water. 
The  balsam  melts  and  is  carried  to  the  surface 
and  skimmed  off. 

Liquid  storax  is  heavier  than  water,  about 
the  consistence  of  honey,  and  of  a  greyish-brown 
colour.  It  always  contains  a  little  water,  which 
imx^arts  to  it  a  greyish  opiacity.  When  this  is 
removed,  by  long  standing  or  by  heat,  the  resin 
becomes  quite  transparent.  Dried  in  this  way  it 
is  soluble  in  alcohol,  ether,  carbon  bisulphide,  and 
volatile  oils ;  but  not  in  petroleum  ether.  The 
odour  of  storax  is  agreeably  balsamic  and  the 
taste  aromatic  and  pungent.  Examined  with  a 
microscope  crystals  may  be  detected  which  have 
been  identified,  the  feathery  spicular  crystals  as 
styracin,  and  the  rectangular  tables  and  short 
prisms  as  cinnamic  acid. 

Storax  contains  10  p.c.  to  20  p.c.  of  water,  13 
p.c  to  18  p.c.  of  woody  and  inorganic  imjiurities, 
leaving  56  p.c.  to  72  p.c.  of  matter  soluble  in 
alcohol,  which  consists  chiefly  of  styrolene, 
metastyrolene,  cinnamic  acid,  styracin,  and  a 
large  proportion  of  resin  (Fl.  a.  H.,  275). 

Styrolene  or  phenylethylene  C^Hj.CH :  CH.,  is 
obtained  as  a  colourless  mobile  liquid  by  distil- 
ling storax  with  water  (Bonastre,  J.  Pharm.  16, 
88 ;  Simon,  A.  31,  267).  The  soHd  polymer  of 
styrolene,  metastyrolene,  is  also  said  to  exist  in 
storax.  Cinnamic  acid  to  the  extent  of  6  p.c.  to 
12  p.c.  is  obtained  by  boiling  the  balsam  with 
alkaline  carbonate  solution,  which  extracts  it  as 
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a  sodium  salt  from  which  the  tree  acid  is 
liberated  by  mineral  acids. 

Slyracin  or  cinnamyl  cinnamate 
C,Hj.CH:CH.COOC^, 
was  originally  discovered  in  storax  by  Bonastre. 
It  may  be  obtained,  after  removal  of  the  sty- 
rolene  and  cinnamic  acid  by  treatment  of  the 
residue  with  ether,  alcohol,  or  petroleum  ether, 
in  the  form  of  a  liquid,  which  with  difficulty 
assumes  a  solid  crystalline  form,  the  crystals 
melting  at  44°  (Simon,  A.  31, 273;  Toel,  A.70, 1; 
Miller,  A.  188,  200).  Styracin  is  readily  con- 
verted by  allcali  into  styrone  or  cinnamyl  alcohol 
and  cinnamate.  Benzyl  alcoJiol  has  been  de- 
tected as  a  constituent  of  storax  by  Lauben- 
heimer  (A.  164,  289).  A  good  bibliography  will 
be  found  in  W.  von  Miller's  memoir  on  the 
Chemical  Compounds  contained  in  Liquid  Storax 
(A.  188,  184),  in  which  the  author  describes  as 
present,  in  addition  to  the  constituents  already 
mentioned,  phenylpropyl  cinnamate,  ethyl  cin- 
namate, ethyl  vanillin,  large  quantities  of  two 
alcoholic  compounds,  o-  and  fi-storesin,  and  their 
cinnamic  ethers,  a  sodium  compound  of  storesin, 
and  a  resin. 

Storax  is  sometimes  adulterated  with  turpen- 
tine. To  detect  this  Hager  dissolves  the  balsam 
in  a  little  wann  alcohol,  and  shakes  this  solution 
with  petroleum  ether.  The  petroleum  ether  on 
evaporation  leaves  a  residue  in  which  the  tere- 
binthinous  odour  is  concentrated,  and  may  be 
readily  detected.  Further,  the  residue  so  ob- 
tained, in  the  case  of  genuine  storax,  is  colourless 
with  a  bluish  opalescence,  and  represents  45-55 
p.c.  of  the  original  balsam  ;  but  if  turpentine  be 
present  the  percentage  is  larger,  and  the  residue 
has  a  yellowish  colour  (Ph.  Centh.  15,  163). 

Closely  allied  to  liquid  storax  are  the  exuda- 
tions from  the  Styrax  officinalis  (Linn.) ;  Liquid- 
amhar  styracifliia  (Liun.),  a  native  of  North 
America,  the  balsam  of  which  has  been  recently 
examined  by  Fliickiger  and  v. Miller  (Ar.  Ph.  (3)  20, 
646  a.  648);  Liquiclambar  formosana  (Hance); 
and  Altingia  excelsa  (Noronha)  (cf.  FL  a.  H.,  276). 

Tolu.  Balsamum  Tolutanum;  Bauvw  de 
Tolu  (Ft.);  Tolubalsam(GeT.) . 

Monardes,  in  his  book  published  in  1574 
describing  the  products  of  the  West  Indies,  is 
the  first  to  mention  balsam  of  tolu.  Soon  after- 
wards it  was  introduced  into  England.  Tolu  is 
the  product  of  the  trees  of  Myroxylon  Toluifera 
(H.  B.  a.  K.),  natives  of  Venezuela  and  New 
Granada,  and  probably  also  of  Ecuador  and 
Brazil.  For  botanical  characters,  v.  Bentl.  a. 
T.  84.  V-shaped  incisions  are  made,  and  the 
concreted  juice  from  time  to  time  collected. 
This  draining  of  the  trees  goes  on  for  eight 
months  of  the  year  (Weir,  Journ.  E.  Hort.  Soc, 
May,  1864). 

Balsam  of  tolu  is  a  viscid  resin,  which  on  ex- 
posure hardens  to  a  vitreous  consistence.  It  has 
an  agreeable  odour  suggestive  of  vanilla,  and 
has  a  decided  aromatic  taste.  Crystals  of  cin- 
namic acid  may  be  seen  in  tolu  when  thiu  layers 
are  examined.  It  is  soluble  in  alcohol,  glacial 
acetic  acid,  acetone  and  chloroform,  also  in  caustic 
potash.  In  benzene  it  is  insoluble,  and  nearly  so 
in  carbon  bisulphide,  volatile  oils,  and  ether. 
Balsam  of  tolu  consists  for  the  most  part  of  an 
amorphous  resin  similar  to  that  left  by  carbon 
bisulphide  in  the  case  of  Peru  balsam.  This 


was  shown  by  Kopp  (J.  1847-8,  736)  to  consist 
of  two  resins,  distinguished  by  their  dififerent 
solubilities  in  alcohol  and  a  difference  in  their 
melting  points  (cf.  Scharling,  A.  97,  71).  Treat- 
ment with  water  extracts  from  balsam  of  tolu 
cinnamic  acid  (Carles,  J.  Ph.  19,  112),  and  ac- 
cording to  Busse  (B.  9,  830)  it  contains  also 
benzoic  aci<l,  and  both  benzyl  benzoatc  andciniKi- 
mate.  Distilled  with  water,  small  quantities  of 
a  peculiar  hydrocarbon  pass  over  which  has  been 
called  tokne.  The  yield,  according  to  Deville,  is 
I  2  p.c.  (A.  Ch.  [3:  3, 152).  Tolene  has  the  formula 
I  C,„H,5.  Its  specific  gravity  at  10°  is  -858  (Kopp), 
[  and  it  boils  at  170°,  according  to  Deville  and 
ScharUng,  or  at  154°-160°  (Kopp).  DeviUe 
found  tolene  to  have  a  vapour  density  of  5*1. 
This  hydrocarbon  does  not  appear  to  have  been 
further  studied  or  to  be  known  in  any  other 
chemical  relation. 

Turpentine  present  as  an  adulteration  in 
tolu  may  be  detected  by  treatment  with  carbon 
bisulphide,  which  has  scarcely  any  solvent  action 
on  the  genuine  balsam;  or  by  sulphuric  acid, 
j  which  imparts  to  tolu  a  cherry-red  colour, 
whereas  when  turpentine  is  present  the  mixture 
turns  black.  A  specimen  of  spurious  tolu  exa- 
mined by  Navlor  was  completely  soluble  in 
carbon  bisulphide  (Ph.  [3]  8,  624). 

Xanthorrhoea  Balsams.  Anumberof balsamic 
resins  are  obtained  from  the  xanihorrhoeas  or 
grass  trees  of  Australia.  Seven  species  of  these, 
the  arborea,  australis.  Hostile,  media,  fninor, 
bracteata,  and  Pumilio  were  described  as  early 
as  1810  by  Brown  (Prodromus  Novie  HoUandiaj). 
The  first  two  are  arborescent  trees,  the  third  and 
fourth  have  short  stems,  and  the  last  three  are 
stemless.  Hirschsohn  (Ph.  Z.  16,  81)  distin- 
guishes three  xanthorrhrea  balsamic  exudates ; 
but  of  these  only  two  are  important,  the  yellow 
or  acaroid  balsam  and  the  red  balsam  (Pereira, 
Mat.  Med.  3rd  edit.  1099). 

Acaroid  Balsam,  Acaroid  Ecsin,  Ecsina 
Acaroidcs,  Besin  of  Botany  Bay.  This  balsam 
was  first  mentioned  by  Governor  Phillips  in 
1789  (Voyage  to  Botany  Bay).  It  exudes  spon- 
taneously from  the  Xant)wrrha:a  Ha-stile  and, 
according  to  some  writers,  from  the  X.  ar- 
borea. It  has  a  yellow  colour  resembling 
gamboge,  but  sometimes  has  a  deep  red  tint, 
and  when  heated  evolves  a  balsamic  odour.  It 
is  used  in  the  preparation  of  sealing-wax  and 
lacquers  and  japanner's  gold-size.  Among  those 
who  have  investigated  acaroid  balsam  are 
Lichsteusteiu  (Crells  Ann.  2,  242) ;  Schrader 
(Trommsdorff's  Ann.  5,  90);  Laugier  (A.  Ch.  76, 
265) ;  Widmauu  (Buchner's  Eepert.  22,  198) ; 
and  Steuhouse  (C.  S.  Mem.  3,  10;  A.  57,  84). 
Its  chief  constituents  are  re.tin,  a  trace  of  volatik 
o£/,  and  both  citmamic  and  benzoic  acids.  These 
latter  are  precipitated  from  a  solution  of  the 
balsam  in  caustic  potash  by  the  addition  of  hy- 
drochloric acid.  By  distilling  it  alone  Steuhouse 
obtained  a  light  neutral  oil  containing  bcnsene 
and  cinnamcne,  and  by  treatment  with  nitric 
acid  the  same  observer  finds  acaroid  balsam  to 
give  so  large  a  yield  of  picric  acid  that  he  re- 
commends it  as  a  convenient  source  of  that  com- 
pound. As  much  as  13  p.c.  of  paraltydroxy- 
benzoic  acid  is  formed  when  acaroid  balsam  is 
fused  with  potash.  Amongst  the  other  products 
of  this  reaction,  are  resorcinol,  pyrocatechol,  and 
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a  double  compound  oj  parahydroxyhcnzoic  and 
protocatcchuic  acids  C|,H|„Oj2H20,  which  has 
been  hkewise  obtained  from  Ijenzoin  (Hlasiwetz 
and  Earth,  J.  1866,  630). 

Bed  Balsam  of  Xanthorrhoca.  Black-hoy 
Gum.  A  red  balsamic  resin  resembling  dragon's 
blood.  When  heated  it  evolves  a  balsamic  odour. 
Compare  Maisch  on  Xanthorrhoea  Besins  (Am. 
J.  Pharni.  [4]  11,  217).  A.  S. 

BAMBARA  BUTTER  v.  Bassia  oils. 

BAMBOO.  The  ash  of  the  shoots  of  this  grass 
(Bamhusa  arundinacca,  verticillaia,  &c.),  con- 
tains of  potash  (K.O)  from  30  to  40  p.c.  The 
Forest  Department  of  Burmah  are  therefore  cul- 
tivating the  bamboo  as  a  source  of  p)otash.  The 
fibres  of  the  shoots  supply  an  excellent  paper- 
maidng  material  (Komanis,  C.  N.  45,  158 ;  46, 
51  ;  N.  18,  50). 

BAMBUI  BUTTER  v.  Bassia  oils. 

BARBERRY  ROOT.  The  root  of  Berbcris 
luilf/aris,  a  wild  shrub  common  to  Europe  and 
Asia.  The  active  principle  which  it  contains  is 
the  alkaloid  bcrbcrine  C.,„Il,,i<[0^.b'H..fi,  which 
may  be  prepared  by  boiling  the  root  with  water 
containing  a  slight  excess  of  lead  acetate,  fil- 
tering, and  evaporating  the  filtrate  to  crystal- 
lisation. Berberine  crystallises  in  fine  yellow 
prisms,  very  soluble  in  hot  water  and  alcohol, 
but  insoluble  in  ether.  It  begins  to  sublime  at 
200°C.  The  salts  of  berberine  are  sparingly 
soluble.  The  hydrochlorate  and  phosphate  are 
used  medicinally. 

Berberine  is  also  found  in  the  root,  wood,  or 
bark  of  the  following  plants  :  Berbcris  aristata, 
Xcmthoxylon  clava-Herculis,  Hydrastis  cana- 
densis, Coscinium  fenestraUim,  Jateorhiza  pal- 
niata,  Xylopia polycarpa,  Podopliylhmipeltatiim, 
Xanthorissa  apii  folia,  Copitis  tccta. 

The  root,  root-bark,  and  especially  concen- 
trated liquid  extracts  of  the  same,  are  used  to 
a  small  extent  for  dyeing  silk  and  leatlier  yeUow. 
It  is  the  only  natural  basic  colouring  matter  at 
present  employed.  Wool  and  silk  are  dyed  in 
a  neutral  bath,  or  with  a  slight  addition  of  alum 
to  the  dyebath.  It  gives  somewhat  clear  yellow 
shades,  not  remarkable,  however,  for  any  special 
quality  either  of  fastness  or  purity  of  colour. 

Literature. — Buchner,  A.  24,  228.  Fleit- 
mann,  idem,  59,  160.  Boedeker,  idem,  66,  384  ; 
69,  40.  Dyson  Perrins,  idem,  Suijpl.  2,  171,  and 
83,  276.  Steuhouse,  idem,  95,  108.  Eepert. 
chim.  appl.  4,  459.  Eepert.  chim.  pure,  3,  105  ; 
4,  367;  5,  423.  A.  115,  132;  122,  256;  Suppl. 
1863,  2,  191.  Journ.  chim.  med.  1826,  2,  314. 
C.  J.  15,  339.  Bl.  1863,  423 ;  C.  J.  Abstr.  1885, 
675  ;  1886,  633,  1041 ;  1887,  174,  383,  505, 1057; 
C.  J.  1889,  63 ;  Ar.  Ph.  [3]  26,  329 ;  25,  164 ; 
Am.  S.  [2]  33,  43  ;  A.  24,  228  ;  A.  Suppl.  2,  197. 

J.  J.  H. 

BARILLA,  or  BARILLOR  (Fr.  BarilU). 
Coumiercial  name  of  an  impure  soda  obtained 
from  the  ashes  of  the  Salsola  Soda,  which  was 
formerly  grown  specially  in  Spain,  Sicily,  Sar- 
dinia, the  Canary  Islands,  and  the  Levant.  The 
seed  was  sown  at  the  end  of  the  year,  and  the 
plants  were  ready  for  cutting  in  September  of  the 
following  year  ;  they  were  usually  burnt  during 
October.  A  hole  capable  of  holding  one  or  two 
tons  of  soda  was  dug  in  tlie  ground  and  covered 
over  with  an  iron  grating ;  the  dried  plants, 
mixed  with  canes,  were  heaped  on  this  and  set 


on  fire.  The  heat  was  sufficient  to  melt  the  ash, 
which  ran  down  and  collected  in  the  hole.  More 
material  was  supplied  to  the  fire  till  the  hole  was 
full  of  fused  soda  ;  it  was  then  covered  with 
earth  and  left  to  cool,  after  which  the  porous 
mass  was  brolvcn  out  and  was  ready  for  shipment. 
Contained  about  20  p.c.  alkali,  together  with 
chlorides  and  sulphates  of  Na,  Ca,  and  Al,  and 
very  little  S.  Formerly  much  used  for  making 
soda  soap ;  little,  if  at  all,  used  now. 

Kelp  is  sometimes  called  British  Barilla. 

BARIUM.    SjTnbol  Ba.    At.  w.  137. 

The  name  '  barote  '  (from  I3apvs,  heavy)  was 
given  to  the  earth  contained  in  heavy  spar 
(terra  pondcrosa)  by  Guy  ton  de  Morveau  in 
1779,  and  was  afterwards  altered  to  '  baryta  '  by 
Lavoisier ;  the  name  itself,  therefore,  is  indica- 
tive of  the  great  density  of  its  compounds. 
Barium  occurs  principally  as  the  sulphate, 
barytes  or  heavy  spar  BaSO,,  and  is  generally 
found  associated  with  matallio  ores  containing 
sulphur.  Dieulafait  (A.  Ch.  [5]  15,  530)  has 
shown  that  all  pirimary  rocks  contain  barium  in 
sufficient  quantity  to  be  easily  detected.  Barium 
also  occurs  in  nature  as  icithcrite  BaCO^,  baryto- 
cclestite  (BaSrCa)SO|,  barytocalcite 

BaCOj  +  CaCO,, 
alstonite  (BaCa)C03,  and  in  certain  varieties  of 
the  ores  of  manganese ;  also  in  certain  silicates, 
as  brcwsferitc  Hj(SrBa)Al.,Si„0,8-f  311,0,  harmo- 
tome  H,(K^Ba)AloSi.O,. -h  4H.jO,  and  liyalophane 
or  baryta- fclspar'K.3a..'ik\SiJ^.,^,  and  frequently 
in  mineral  waters.  Barium  is  also  frequently 
found  in  calcium  and  strontium  minerals,  re- 
placing a  portion  of  those  elements  with  which 
it  is  isomorphous. 

It  is  never  foimd  native  ;  indeed,  according 
to  Donath  (B.  12, 745), it  is  questiona'de  whether 
pure  metallic  barium  has  ever  yet  been  seen  ex- 
cept as  a  metallic  powder.  Its  oxide,  baryta 
BaO,  was  first  recognised  as  a  i^eculiar  earth 
distinct  from  lime  by  Sclieele  in  1774,  and  the 
metal  itself  was  supposed  to  have  been  isolated 
Ijy  Davy  in  1808  ;  but  Davy's  '  metal '  has  been 
since  shown  to  consist  of  an  amalgam  of  barium 
with  as  much  as  60  p.c.  of  mercury. 

Preparation. — 1.  Davy's  method  of  preparing 
barium  was  as  follows  : — Barium  hydrate,  chlor- 
ide, nitrate  or  carbonate,  was  made  into  a  thick 
paste  with  water,  kneaded  into  the  shape  of 
a  cup),  and  placed  upon  a  platinum  dish  con- 
nected with  the  positive  pole  of  a  very  powerful 
voltaic  battery,  the  negative  pole  of  which  was 
;  connected  by  means  of  a  wire  with  a  quantity  of 
1  mercury  placed  in  the  cup.  The  salt  of  barium 
j  was  thus  electrolysed  and  an  amalgam  of  barium 
and  mercury  formed  ;  this  amalgam  was  then 
heated  in  a  tube  of  glass  free  from  lead  and  filled 
with  the  vapour  of  roclc-oil  till  the  mercury 
ceased  to  sublime.  If  oxide  of  mercury  be  mixed 
with  the  barium  hydrate  the  yield  of  barium, 
according  to  Davy,  is  considerably  increased. 
Hare  (.J.  pr.  19,  249)  prepared  the  amalgam 
from  moistened  barium  chloride  surrounded  by 
a  freezing  mixture,  using  200  cells  containing 
over  a  hundred  square  feet  of  zinc,  and  expelled 
the  mercury  by  heating  the  amalgam  in  an  iron 
crucible  exhausted  of  air. 

2.  Impure  barium  may  also  be  obtained,  ac- 
cording to  Davy,  by  passing  vapour  of  potassium 
over  red-hot  baryta  or  barium  chloride. 
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3.  Clarke  states  (Ann.  Phil.  17,  419)  that  on 
exposing  pure  barjta  or  barium  nitrate  placed 
in  a  cavity  made  in  a  piece  of  charcoal  to  a 
burning  jet  of  detonating  gas  consisting  of  three 
measures  of  hydrogen  and  one  of  oxygen,  eflfer- 
vescence  takes  place,  and  white,  shining  little 
globules  of  metallic  barium  are  formed. 

4.  Bunsen  electrolysed  the  paste  formed  by 
mixing  barium  chloride  with  very  dilute  hydro- 
chloric acid  at  a  temperature  of  100°C.  in  the 
presence  of  mercury,  by  which  he  obtained  a 
solid  crystalline  amalgam  from  which  the  mer- 
cury was  expelled  by  heating  in  a  charcoal  boat 
in  a  current  of  hydrogen.  The  barium  thus  ob- 
tained took  the  form  of  a  tumefied  mass,  showing 
a  silver-white  lustre  in  the  cavities  (P.  91,  619). 

5.  Matthiessen  (A.  93,  277)  also  obtained 
barium  as  a  metallic  powder  by  the  electro- 
lysis of  the  fused  chloride,  the  negative  pole 
consisting  of  a  line  harpsichord  wire  on  which 
the  small  globules  of  metallic  barium  collected, 
but  oxidised  very  rapidly  in  air. 

C.  Kern  (C.  N.  31,  243)  gives  a  method  of 
preparing  barium  which  consists  in  heating 
barium  iodide  with  sodium,  dissolving  out  the 
metallic  barium  with  mercury,  and  distilling 
the  resulting  amalgam.  The  reaction  between 
barium  iodide  and  sodium  is  somewhat  violent, 
being  attended  with  evolution  of  heat  and  light. 

But  Donath  (B.  12,  745)  finds  that  the  ba- 
rium prepared  by  amalgamation  with  mercury 
and  subsequent  distillation  of  the  mercury  is 
not  metallic  barium,  but  is  a  solid  amalgam  con- 
taining 62-77  p.c.  of  mercury,  which  even  when 
strongly  heated  in  porcelain  tubes  does  not 
yield  the  pure  metal. 

Properties. — ^Barium,  according  to  Davy,  is 
a  silver-white  metal ;  according  to  Clarke  it  has 
the  colour  and  lustre  of  iron ;  Matthiessen  de- 
scribes it  as  a  yellow  powder ;  while  Donath 
states  that  its  true  colour  is  that  of  bronze.  Its 
melting-point  is  a  little  higher  than  that  of  iron, 
and  its  specific  gravity,  according  to  Clarke,  is 
4-0.  It  is  ductile,  but  only  slightly  malleable. 
It  oxidises  rapidly  in  air,  becoming  heated,  and, 
when  sufficiently  heated,  burns  with  a  dark-red 
light  (Davy),  while  Clarke  states  that,  heated  in 
the  oxyhydrogcn  flame,  it  gives  out  a  greenish 
light.  It  decomposes  water  rapidly  at  ordinary 
temperatures,  and  is  readily  acted  upon  by  sul- 
phuric acid,  with  liberation  of  hydrogen. 

Oxides  of  barium.  Two  oxides  of  barium 
are  known— barium  oxide  or  barj'ta  BaO,  and 
barium  peroxide  BaO... 

Barium  oxide,  protoxide,  monoxide,  or 
baryta  BaO  is  the  oxide  formed  when  the  metal 
burns  in  air.  It  is  more  readily  obtained  by 
heating  (1)  the  nitrate  or  (2)  the  carbonate  of 
barium.  I 

(1)  Barium  nitrate  is  heated  in  a  porcelain 
crucible  or  retort  until  no  more  nitrous  fumes 
or  free  oxygen  are  given  olT.  The  heat  should 
be  carefully  applied  at  first,  otherwise,  on  fusing, 
considerable  inconvenience  from  frothing  ensues ; 
but  towards  the  end  of  the  operation  the  heat 
must  bo  raised  to  bright  redness,  and  not  con- 
tinned  too  long,  otherwise  oxygen  and  carbon 
dioxide  are  absorbed  fiom  the  air.  The  frothing  I 
may  be  prevented  by  mixing  the  nitrate  with  its  ' 
own  weight  of  barium  sulphate,  which  is  not 
objectionable  in  (Jie  product  for  many  of  the 


purposes  to  which  the  oxide  may  be  put,  such  as 
the  preparation  of  barium  hydrate;  this  mixture 
with  pounded  heavy  spar  is  also  advisable,  in- 
asmuch as  baryta  attacks  porcelain  at  high 
temperatures,  and  is  thus  liable  to  be  contami- 
nated with  silica,  alumina,  oxide  of  iron,  and 
other  substances  contained  in  the  crucible  ;  but 
as  the  mixture  with  Bulphate  does  not  fuse,  this 
danger  is  obviated. 

(2)  The  carbonate  may  also  be  converted  into 
barium  oxide  by  exposing  it  to  the  strongest  heat 
of  a  forge  fire ;  but  the  last  traces  of  carbonic 
acid  are  only  expelled  with  difficulty.  However, 
at  an  ordinary  white  heat,  this  may  be  accom- 
pUshed  by  mixing  the  carbonate  with  one-tenth 
of  its  weight  of  lamp-black  or  charcoal  and 
making  into  a  thick  paste  with  oil  or  far,  car- 
bonic oxide  being  evolved,  thus : 

BaC03-i-C  =  BaO-i-2CO. 
The  mixtui-e  should  be  heated  in  an  earthen 
crucible  lined  with  lamp-black  and  fitted  with 
a  tight  cover;  on  the  large  scale  witherite  is 
thus  converted  into  baryta  for  use  in  separating 
crystallised  sugar  from  molasses.  In  a  second 
baryta-manufacturing  process  a  mixture  of  the 
carbonates  of  barium  and  calcimn  is  ignited  in 
a  current  of  aqueous  vapour. 

(3)  On  the  small  scale,  baryta  may  be  easily 
obtained  by  igniting  barium  iodate,  which  readily 
gives  up  all  its  iodine,  together  with  five-sixths 
of  its  oxygen,  without  fusing  or  frothing  : 

Ba(I0,),  =  BaO  +  I,O,. 

Barium  oxide  as  prepared  by  the  above 
methods  is  generally  a  greyish-white  friable 
mass  of  specific  gravity  4-7-0-5.  Brugelmann 
(A.  [2]  4,  277),  by  heating  barium  nitrate  in 
a  porcelain  flask,  and  also  by  using  a  covered 
porcelain  crucible,  obtained  minute  crystals  of 
BaO  belonging  to  the  regular  system,  of  sp.gr. 
6-722.  BaO  is  strongly  alkaline,  caustic,  and 
poisonous.  It  is  only  just  melted  even  by  the 
heat  of  the  oxyhydrogen  blowpipe ;  it  is  a  non- 
conductor of  electricity,  but  in  presence  of  mer- 
cury may  be  electrolysed  into  barium  and  oxy- 
gen. It  is  deoxidised  by  potassium  at  a  red 
heat,  and  slakes  with  water,  forming  barium 
hydrate  Ba(OH).  with  such  energy  that  the 
whole  mass  becomes  incandescent  provided  the 
amount  of  water  be  not  too  large.  It  rapidly 
absorbs  moisture  from  the  air.  It  unites  with 
methyl  and  ethyl  alcohols,  forming  the  com- 
pounds Ba0.2CH^0  and  Ba0.2C,H^0.  Heated 
in  the  vapour  of  carbon  disulphide,  it  forms 
barium  carbonate  and  barium  sulphide : 

3Ba0 CS,  =  BaCOj  +  2BaS. 
It  dissolves  readily  in  dilute  nitric  and  hydro- 
chloric acids,  but  with  most  other  acids  forms 
insoluble  salts.  When  vapour  of  sulphuric  an- 
hydi-ide  is  passed  over  it,  heated  to  low  redness 
in  a  glass  tube,  formation  of  barium  suli^hate 
BaSO,  occurs  with  incandescence. 

Barium  peroxide  or  dioxide  BaOj  is  formed 
when  anhydrous  baryta  is  heated  to  a  dull  red 
heat  in  a  stream  of  oxygen  or  of  air  freed  from 
carbonic  acid.  Barium  hydrate  may  be  similarly 
converted  into  the  peroxide,  but  less  readily,  as 
it  fuses  below  the  temperature  of  absorption  of 
oxygen ;  but  the  absorption  may  be  rendered 
rapid  by  mixing  the  hydrate  with  lime  or 
magnesia  which  prevents  fusion  and  keeps  the 
mass  porous.    Peroxide  of  barium  may  also  be 
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obtained  by  sprinkling  red-hot  baryta  ^Yith  four 
times  its  weight  of  powdered  potassium  chlorate 
in  successive  small  portions ;  the  potassium 
chloride  simultaneously  formed  may  be  washed 
out  -with  water,  leaving  the  peroxide  in  the  form 
of  a  hydrate. 

The  peroxide  obtained  by  these  means  is  not 
pure,  being  contaminated  with  a  little  uncon- 
verted barium  oxide,  iron,  silica,  and  other  sub- 
stances derived  from  the  preparing  vessels.  In 
order  to  purify  it  the  finely-powdered  crude  pro- 
duct is  gradually  added  to  an  excess  of  dilute 
hydrochloric  acid,  avoiding  any  considerable  rise 
of  temperature ;  the  crude  substance  dissolves, 
forming  barium  chloride  and  peroxide  of  hydro- 
gen. The  solution  is  filtered  from  insoluble 
matters  and  treated  with  baryta  water  until  the 
silica  and  ferric  oxide,  together  with  a  little 
hydrated  barium  peroxide,  regenerated  by  action 
of  the  peroxide  of  hydrogen  upon  the  barium 
hydrate,  are  precipitated.  The  liquid  is  again 
filtered  and  then  supersaturated  with  baryta. 
By  this  means  the  whole  of  the  peroxide  of 
hydrogen  regenerates  barium  peroxide,  which  is 
precipitated  in  minute  prisms  or  lamin£B  of  the 
hydrate  Ba02.8H.,0,  in  which  condition  the  per- 
oxide is  best  preserved,  and  is  a  suitable  form  for 
use  in  the  preparation  of  peroxide  of  hydrogen. 
On  drying  at  130°  or  at  ordinary  temperatures  m 
vacuo  it  is  converted  into  pui'e  anhydrous  barium 
l^eroxide. 

Barium  ijeroxide  is  a  grey,  impalpable  powder, 
slightly  more  fusible  than  the  monoxide,  but  at 
a  strong  red  heat  is  dissociated  into  oxygen 
and  barium  monoxide,  and,  when  steam  is 
passed  over  it  at  this  temperature,  forms  barium 
hydrate.  Boussingault  (A.  Ch.  [3]  30,  5)  pro- 
poses to  extract  oxygen  from  the  air  on  an  in- 
dustrial scale  by  heating  the  hydrate  of  barium, 
mixed  as  above  described  with  lime  and  mag- 
nesia, in  a  i^orcelain  tube  in  a  current  of  air 
previously  freed  from  carbonic  acid,  until  the 
whole  of  the  oxide  is  converted  to  peroxide,  then 
raising  the  temperature  and  passing,  instead  of 
air,  vapour  of  water  through  the  tube  as  long  as 
oxygen  continues  to  be  given  off.  The  monoxide 
of  barium  itself  may  be  used  instead  of  the  hy- 
drate, being  alternately  peroxidised  and  reduced 
at  dull  and  bright  redness  resx^ectively  without 
the  necessity  of  passing  steam  over  it ;  after  a 
few  heatings  the  baryta  loses  its  power  of  absorb- 
ing oxygen,  due  to  a  change  of  molecular  state 
(A.  Ch.  [5]  19,  464).  In  vacuo  the  peroxide 
dissociates  at  a  low  red  heat,  and  at  this  lower 
temperature  the  power  of  absorption  is  not  at 
all  injured,  and  the  jperoxidation  and  reduction 
may  go  on  indefinitely.  In  1885  a  jorocess  which 
has  since  been  applied  with  considerable  success 
was  patented  by  Brin  (Eng.  Pat.  151  and  7,867, 
1885)  for  the  manufacture  of  peroxide  of  barium 
for  use  in  the  preparation  of  oxygen  and  oxy- 
genated bleaching  waters.  Caustic  baryta  is  first 
formed  by  heating  the  dried  nitrate  in  open 
crucibles  to  1,000  to  1,500°C.  until  the  contents 
become  solid  and  assume  a  spongy  appearance. 
The  crucibles  are  then  closed  and  maintained  at 
a  white  heat  for  four  hours ;  they  are  next  re- 
moved to  an  air-tight  chamber  and  allowed  to 
eool  in  a  partial  vacuum  so  as  to  eliminate  the 
nitrous  fumes.  The  anhydrous  oxide  thus  ob- 
tained is  then  heated,  preferably  under  pres- 


sure, in  a  current  of  air  freed  from  moisture  and 
carbon  dioxide,  and  the  resulting  barium  per- 
oxide afterwards  dissolved  in  acidulated  water 
for  use  as  a  bleaching  agent,  or  heated  at  a  still 
higher  temperature  in  steam  in  order  to  obtain 
the  oxygen  in  the  gaseous  form. 

Peroxide  of  barium  is  decomposed  by  sul- 
phuretted hydrogen  at  ordinary  temperatures, 
and  when  heated  in  a  current  of  carbonic  oxide 
it  becomes  white  hot.  It  becomes  incandes- 
cent when  heated  in  sulphur  dioxide.  When 
treated  with  strong  sulphuric  acid  at  a  tempera- 
ture exceeding  70°C.,  oxygen  is  given  off ;  at 
lower  temperatures  the  oxygen  is  mixed  with 
ozone.  When  the  peroxide  is  mixed  with  acidu- 
lated water  in  presence  of  oxide  of  silver,  per- 
oxide of  manganese,  or  peroxide  of  lead,  oxygen 
is  evolved  both  from  the  ]Deroxide  of  barium  and 
from  the  other  oxide.  A  small  quantity  of  a 
silver ,  compound  is  capable  of  decomposing  a 
large  quantity  of  barium  jjeroxide,  but  iodine 
decomposes  an  exactly  equivalent  quantity : 
BaO., +  L  =  BaI,4  0,,. 

To  determine  the  amount  of  active  oxygen  in 
BaO.,  Bertrand  (C.  N.  41,  215)  proposes  to  add 
a  known, quantity  of  the  peroxide  to  pure  hydro- 
chloric acid,  add  potassium  iodide  free  from 
iodate  together  with  excess  of  bicarbonate  of 
soda,  and  titrate  the  liberated  iodine  with  a 
standard  solution  of  sodium  thiosulphate. 

Barium  hydrate,  Hydrate  of  Baryta,  or 
Caustic  Baryta  Ba(OH).j  or  BaO.H.^O  is  formed, 
with  great  evolution  of  heat,  when  water  is  added 
to  anhydrous  baryta  (barium  oxide) : 
BaO-i-H.,0=Ba(OH),. 

A  hot  concentrated  solution  of  equivalent 
quantities  of  barium  nitrate  and  sodium  or  po- 
tassium hydrate  deposits,  on  cooling,  crystals  of 
barium  hydrate.  Soda  is  usually  employed,  of 
sp.gr.  1'10-1*15,  and  the  crystals  obtained  are 
freed  from  mother  liquor  by  draining,  or  better, 
by  means  of  a  centrifugal  machine. 

Commercial  caustic  baryta  is  now  prepared 
on  the  large  scale  by  igniting  the  native  sulphate 
or  heavy  spar  with  coal  or  charcoal,  whereby  an 
impure  barium  sulpihide  is  obtained,  and  heating 
this  in  earthenware  retorts  into  which  a  current 
of  moist  carbonic  acid  is  passed,  thus  converting 
it  into  carbonate : 

BaS  -f  CO,  +  B..fi  =  BaCO,  +  H,,S. 
Superheated  steam  is  then  passed  over  the 
heated  carbonate,  when  the  following  decom- 
position takes  place  : — 

BaCOs  +  H.O  =Ba(OH).,  +  CO,. 

Caustic  baryta  crystallises  from  water  in  large, 
transparent,  colourless,  quadratic  prisms  capped 
by  pyramids.  The  crystals  Ba(0H),.8H,0  are 
isomorjjhous  with  the  corresponding  strontium 
compound.  They  dissolve  in  20  parts  of  water 
at  15°C.,  and  in  2  parts  of  boiling  water.  The 
aqueous  solution  known  as  baryta  water  is 
highly  caustic  and  of  strong  alkaline  reaction, 
rapidly  becoming  covered  with  a  film  of  car- 
bonate owing  to  absorption  of  atmosiDheric  car- 
bonic acid ;  hence  it  is  frequently  used  in  the 
determination  of  the  amount  of  carbonic  acid 
contained  in  the  air.  On  exposure  to  air  the 
crystals  fall  to  a  white  powder,  with  loss  of  seven 
molecules  of  water.  Be  Forcrand  (C.  E,  103, 
59)  isolated  the  hydrate  Ba(OH)  ..H,,0  by  allowing 
the  compound  Ba0.2CHjO  +  2II_,0  to  evaporate 
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over  sulphuric  acid  in  vacuo.  H.  Lcsccnnr 
(C.  R.  9G.  1,578)  shows  that  at  100^  Ba(0H),„H_O 
has  a  tension  of  dissociation  of  45  mm.,  and 
that  this  hydrate  is  completely  converted  to 
Ba(OH),  when  heated  to  100°  in  vacuo.  The 
dissociation  tension  of  Ba|OH);.8H.jO  Lescfi'ur 
also  proves  is  2i;-t  mm.  at  75°,  so  that  at  this 
temperature  all  three  hydrates  of  BaO  may 
exist  simultaneously.  Ba(OH).j,  when  healed 
alone,  is  only  reduced  to  baryta  above  a  red 
heat ;  if  not  heated  above  redness,  it  re-forms, 
on  cooling,  a  crystalline  mass  of  Ba(OH).„  but 
when  heated  in  a  current  of  air  it  takes  uj)  oxy- 
gen and  is  converted  into  peroxide  of  barium 
with  loss  of  water  ;  when  heated  in  a  current  of 
carbonic  acid  it  also  loses  water  and  is  converted 
into  barium  carbonate. 

Ba(OH).,  +  0  =  BaO„-l-H.,0. 
Ba(OH),  -1-  CO,  =  Ba'COj  +  H,0. 

Baryta  has  until  recently  been  used  in  the 
processes  of  sugar-refining,  inasmuch  as  it  forms 
the  compound  C,.B.„0„BaO  with  cane-sugar, 
which,  when  treated  with  carbonic  acid  gas,  is 
decomposed  into  insoluble  barium  carbonate  and 
sugar,  hence  affording  a  means  of  separating  the 
pure  sugar  from  the  molasses ;  but  as  strontium 
hydrate  acts  in  a  similar  manner,  and  is  not 
poisonous,  it  has  been  substituted  for  baryta  in 
sugar-refining. 

Hydrated  barium  peroxide.  Schone  has 
shown  (B.  13,  803)  that  only  one  hydrate  of 
BaO.,  exists,  containing  8  molecules  of  water, 
BaOy8H,0.  This  hydrate  is  precipitated  in 
crystalline  scales  when  peroxide  of  h3'drogen  is 
added  to  concentrated  solutions  of  barium  hy- 
drate. It  is  slightly  soluble  in  cold  water,  but 
decomposes  in  boiling  water,  forming  Ba(OH)., 
and  evolving  oxygen. 

Barium  chloride  BaCl..  Crystallised  (terra 
^onderosa  salita)  BaC1...2H.^0.  Barium  chloride 
may  be  prepared  either  from  withcrite,  the  native 
carbonate,  or  from  heavy-spar,  the  native  sul- 
phate. The  witherite  is  dissolved  in  dilute 
hydrochloric  acid  and  the  solution  allowed  to 
stand  some  time  in  contact  with  excess  of  the 
carbonate,  which  is  added  to  precipitate  iron  and 
other  foreign  metals  present  in  the  mineral ; 
the  raj)idity  of  precipitation  is  much  increased 
by  the  addition  of  a  little  baryta  water.  The 
filtered  liquid  is  then  neutralised  with  hydro- 
chloric acid,  and  the  salt  crystallised  out  and 
purified  by  recrystalli.sation. 

From  the  native  sulphate  barium  chloride 
may  be  prepared  in  two  ways  : 

(1)  By  igniting  the  sulphate  in  a  crucible  with 
pounded  coal  and  decomposing  a  filtered  solution 
in  water  of  the  barium  sulphide  formed  with 
hydrochloric  acid  BaS  -f  2HC1  -  BaCl.  +  U.S. 

Excess  of  hydrochloric  acid  is  "added,  and 
the  liquid  boiled  till  free  from  sulphuretted 
hydrogen  ;  it  is  then  filtered,  cooled,  and  evapo- 
rated to  the  crystallising  point. 

(2)  By  heating  a  mixture  of  100  parts  finely 
powdered  heavy-spar,  40  parts  of  charcoal,  20 
parts  of  limestone,  and  50  parts  of  calcium 
chloride  to  a  red  heat  in  a  reverbcratory  furnace, 
by  which  barium  chloride  and  calcium  sulphide 
are  formed.  The  mass  is  lixiviated  with  water, 
when  the  barium  chloride  is  dissolved  out,  leav- 
ing an  insoluble  calcium  oxysulphide  formed  by 


the  union  of  the  sulphide  with  the  oxide  of  cal- 
cium produced  by  ignition  of  the  limestone. 

In  this  process  the  manganese  chloride  left 
as  a  by-product  of  the  chlorine  manufacture 
may  be  used  in  place  of  calcium  chloride,  a  little 
sand  being  added  along  with  the  limestone  or 
chalk,  and  the  ignition  being  performed  on  a 
cast-iron  plate.  Wackeuroder  (D.  P.  J.  253, 
440)  has  proposed  to  prepare  barium  chloride  by 
adding  an  equivalent  of  calcium  chloride  to  a 
solution  of  barium  sulphide,  and  passing  a  stream 
of  carbonic  acid  gas  into  the  mixture,  whereby 
calcium  carbonate  is  precipitated. 

Commercial  barium  chloride  generally  con- 
tains small  quantities  of  strontium  and  calcimn 
chlorides,  together  with  traces  of  the  chlorides 
of  iron,  aluminium,  copper,  and  lead.  Washing 
the  crystals  with  alcohol  removes  both  the  stron- 
tium and  calcium  chlorides,  v.-hile  calcium 
chloride  may  also  be  removed  by  digesting  with 
barium  carbonate  suspended  in  water,  when  the 
calcium  chloride  becomes  converted  to  carbonate, 
or  more  rapidly  by  adding  baryta  water  and  pass- 
ing carbonic  acid  gas  into  the  Uquid.  Digestion 
with  barium  carbonate  also  precipitates  the  ses- 
quioxides  of  iron  and  alumina.  Lead  and  copper 
may  best  be  removed  by  the  addition  of  a  little 
barium  sulphide. 

Barium  chloride  may  be  recovered  from  mix- 
tures of  chlorides  of  the  alkalis  and  alkaline 
earths  by  treating  the  concentrated  liquor  with 
a  hot  saturated  solution  of  salt,  when  on  cooling 
a  mixture  of  barium  and  sodium  chlorides 
crystallises  out ;  by  treating  a  cold  saturated 
solution  of  this  mixture  with  twice  its  volume  of 
hydrochloric  acid,  barium  chloride  is  precipitated 
(D.  P.  J.  250,  91). 

Barium  chloride  crystallises  from  aqueous 
solution  with  two  molecules  of  water  BaCl.M2H.;0 
in  transparent,  colourless,  rhombic  tables.  Spe- 
cific gravity  2-GG-3-05.  The  crystals  decrepitate 
when  heated.  They  have  an  unpleasant,  bitter, 
sharply  saline  taste,  exciting  nausea,  and  are 
very  poisonous. 

One  hundred  parts  of  water  at  0°C.  dissolve 
32-G2  parts  of  anhydrous  barium  chloride,  and 
0-2711  parts  for  every  degree  above  0°C. ;  100 
parts  of  water  at  15-6°  dissolves  43-5,  and  at 
105-5°  78  parts  of  the  crystallised  chloride.  One 
part  of  crystallised  barium  chloride  at  181°  dis- 
solves in  2-257  parts  of  water  to  form  a  solution 
of  specific  gravity  1-2S251  (Karsten).  A  solution 
saturated  at  8°  has  a  specific  gravity  of  1-270 
(Anthon). 

Barium  chloride  is  almost  insoluble  in  strong 
hydrochloric  acid,  so  that  it  is  precipitated  from 
its  solutions  by  hydrochloric  acid,  and  a  few 
drops  of  the  acid  reduces  the  solubility  consider- 
ably. Hot  absolute  alcohol  dissolves  only  jij 
part  of  the  crystals  ;  but  according  to  Frescnius, 
1  part  of  the  salt  dissolves  in  8,10S  parts  of 
alcohol  of  ',)9-3  p.c.  at  14°C.,  and  in  1,857  parts 
of  the  same  alcohol  at  its  boiling  point. 

The  crystals  are  not  efflorescent,  but  give  up 
the  whole  of  their  water  at  lOO'^C,  leaving  a 
white  mass  of  the  anhydrous  salt,  which  melts 
at  a  red  heat,  forming  a  translucent  mass  on 
cooling.  Specific  gravity  of  the  anhydrous  chloride 
is  given  by  various  observers  as  3-70  to  4-15. 
When  heated  in  a  current  of  steam  it  evolves 
hydrochloric  acid  below  its  fusing  point. 
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A  concentrated  solution  of  barium  chloride  is 
decomposed  by  sodium  or  potassium  nitrate 
forming  barium  nitrate  and  a  chloride  of  the 
alkali-metal.  With  glycocol  CH,(NH,).COOH 
it  forms  a  crystalline  compound,  and  also  acts 
upon  blood  as  a  preventive  of  putrefaction  and 
coagulation. 

Barium  chloride  is  extensively  used  as  a  re- 
agent, especially  for  the  detection  and  estimation 
of  sulphuric  acid.  It  is  also  used  for  the  prepa- 
ration of  artificial  sulphate  or '  permanent  white,' 
and  for  preventing  the  incrustation  of  steam 
boilers  by  decomposing  the  gypsum  of  hard 
waters. 

Barium  oxychloride.  Andre  (C.  E.  93, 
58)  obtained  an  oxychloride  of  barium  by 
adding  (50  grams  of  Ba(OH),,  to  "200  grams  of 
crystallised  barium  chloride,  and  boiling  the 
mixture  with  .500  grams  of  water,  filtering,  and 
allowing  to  cool,  when  nacreous  lamella^  to 
which  he  (C.  E.  98,  572)  ascribed  the  formula 
BaCl,.Ba0.5H^0,  separated  out.  Beckmann  (.J. 
pr.  [2]  27,  126)  also  obtained  nacreous  plates 
by  similar  means  to  which  he  gave  the  formula 
BaCI(0H).2H,0.  These  plates  lose  fths  of  their 
water  at  120°  and  the  remaining  fifth  at  the 
fusing  point  by  prolonged  heating  in  a  stream 
of  hydrogen.  This  oxychloride  is  readily  decom- 
posed by  water  and  alcohol. 

Barium  chlorate  Ba(C103)„.  Dry  Ba(OH), 
does  not  absorb  chlorine,  but  in  presence  of  water 
it  rapidly  takes  it  up,  forming  first  hypochlorite 
and  chloride,  the  former  of  which  breaks  up  into 
chlorate  and  chloride 

6BaO  +  CC1„  =  5BaCl.,  +  Ba(C103), 
(Konigel-Weisberg,  B.  12,  346). 

As  it  is  difficult  to  separate  from  the  chloride, 
the  chlorate  is  best  prepared  by  neutralising  a 
solution  of  chloric  acid  with  barium  carbonate 
and  evaporating  to  the  crystallising  point.  It 
crystallises  in  colourless  monoclinic  jsrisms  with 
1  molecule  of  water,  soluble  in  4  i^arts  of  cold  and 
less  than  1  part  of  boiling  water. 

Barium  chlorate  is  also  slightly  soluble  in 
alcohol,  and  the  alcoholic  solution  burns  with  a 
green  flame. 

If  strongly  heated  fused  barium  chlorate  be 
plunged  into  a  jar  of  coal  gas,  a  brilliant  com- 
bustion of  the  carbon  and  hydrogen  contained  in 
the  coal  gas  occurs  at  the  expense  of  the  oxygen 
of  the  chlorate. 

Barium  perchlorate  Ba(C10|).^.4H^,0  is  readily 
formed  by  neutralisingperchloric  acid  with  barium 
hydrate  or  carbonate.  It  crystallises  from  the 
solution  in  long  deliquescent  prisms,  very  so- 
luble in  water. 

Barium  bromide  BaBr,.  Crystallised 
BaBr,.2H,0. 
This  salt  is  prepared  by  saturating  baryta  water 
or  barium  carbonate  or  sulphide  with  hydro- 
bromic  acid ;  or  by  decomposing  the  sulphide 
with  free  bromine,  sulphur  being  precipitated. 

The  most  convenient  method  is  to  bring  to- 
gether under  water  12-5  parts  of  bromine  and 
1  part  of  amorphous  phosphorus,  by  which  a 
solution  of  hydrobromic  and  phosphoric  acids 
is  formed,  which  is  neutralised  with  barium  car- 
bonate rendered  alkaline  by  baryta  water.  The 
insoluble  barium  phosphate  may  then  be  filtered 
off  and  the  bromide  obtained  by  evaporation  and 
crystallisation. 


Barium  bromide  is  very  soluble  in  water,  and 
crystallises  with  difficulty ;  it  is  isomorphous 
with  the  chloride,  but  unlike  the  latter  salt  is 
soluble  in  strong  alcohol.  It  loses  one  molecule 
of  water  at  75°,  and  the  second  at  120°  (Beck- 
mann, J.  pr.  [2]  27,  126). 

Barium  oxybromides.  Two  oxybromides 
have  been  prepared  by  Beckmann  {I.e.). 

BaBr(0H).2H._,0  resembles  the  corresponding 
oxychloride.  BaBr(0H).3H^0  was  obtained  by 
adding  alcohol  to  mixed  solutions  of  BaBr,  and 
Ba(OH).,. 

Barium  iodide  Bal,.  Crystallised  Bal2.7H,0. 
Barium  iodide  is  formed  when  hydriodic  acid  gas 
is  passed  over  baryta  at  a  red  heat,  a  violent 
action  occurring  attended  with  incandescence. 
It  is  generally  i^repared  by  mixing  barium  mono- 
sulphide  with  a  saturated  solution  of  iodine  in 
alcohol  as  long  as  sulphur  is  precipitated;  the 
filtrate  is  then  boiled  rapidly  to  near  dryness, 
redissolved  in  a  little  water  and  again  evaporated, 
this  time  to  dryness,  preventing  the  access  of  air 
as  much  as  possible  by  performing  the  operation 
in  a  glass  bolt-head.  On  redissolving  the  mass 
in  hot  water  and  allowing  to  cool,  slender  needles 
separate  out  of  the  composition  BaL.7H.,0  (Croft, 
G.  1856, 125;  Thomson,  B.  10,  1,843). 

These  crystals  are  very  deliquescent  and 
readily  soluble  in  alcohol.  They  lose  6  molecules 
of  water  at  125°,  and  the  remainder  at  150° 
(Beckmann,  J.  pr.  [2J  27,  120).  They  decompose 
slowly  at  ordinary  temperatures,  and  quickly 
when  warmed,  giving  off  violet  vapours  of  iodine. 

The  double  iodide  of  barium  and  mercury 
has  a  specific  gravity  of  3-588  higher  than  that 
of  Thoulet's  solution,  and  may  be  of  use  for 
petrographical  purposes  (Eohrbach,  J.  M.  1883, 
2,  Mem.  186). 

Barium  oxyiodide.  Beckmann  (J.  pr.  [2] 
27,  126)  also  prepared  an  oxyiodide  of  barium 
of  the  formula  BaI(OH).4H.O  which  crystallises 
I  in  short  thick  needles. 

I       Barium  iodate  Ba(I03)._,  is  largely  used  for 
'  the  ijreparation  of  iodic  acid,  and  is  obtained  as 
a  white  granular  precipitate  by  adding  potassium 
iodate  to  barium  chloride. 

It  is  soluble  in  3,000  parts  of  cold  and  600 
parts  of  boiling  water.  It  dissolves  in  hot  nitric 
acid,  and  crystallises  out  on  cooling  in  bright, 
glittering,  monoclinic  p)risms  isomorphous  with 
the  chlorate.  Hydrochloric  acid  dissolves  it  with 
evolution  of  chlorine. 

Barium  periodate.  By  passing  iodine  vapour 
in  a  current  of  dry  air  over  heated  oxide  of  barium 
a  basic  periodate  of  the  formula  Ba,I^0,2  or 
Ba(IO|)2.4BaO  is  formed.  The  same  basic  per- 
iodate is  formed  when  barium  iodate  is  heated 
to  a  high  temperature  : 

5Ba(I03),  =  Ba.LO,,  +  4L  +  90, 
or  on  heating  iodide  of  barium  in  a  current  of  air 
until  no  more  iodine  is  given  off : 

5BaL  +  60.,  =  Ba  ,1,0,;  +  41,. 

Hence  Sugiura  and  Cross  (C.  J."  1879,  118) 
conclude  that  Ba3l,0,,  is  the  most  stable  com- 
bination of  barium,  iodine,  and  oxj'gen. 

Barium  fluoride  BaF,  is  obtained  by  neutral- 
ising hydrofluoric  acid  with  barium  hydrate  or 
recently  precipitated  carbonate ;  or  by  precipita- 
ting a  solution  of  barium  nitrate  with  sodium  or 
potassium  fluoride.  It  forms  a  white,  granular, 
crystalline  powder,  sparingly  soluble  in  water, 
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but  readily  soluble  in  nitric,  hydrochloric,  or 
hydrofluoric  acids. 

It  combines  with  fluorides  of  silicon  and 
boron,  forming  the  compounds  BaF.-SiP,  barium 
silicofluoride  and  BaF.,.2BF3.  The  former  is  pre- 
cipitated by  adding  hydrofluosilicic  acid  to  soluble 
barium  salts  as  a  crystalline  precipitate  totally 
insoluble  in  alcohol,  and  serves  as  a  means  of 
separating  barium  from  strontium  and  calcium, 
which  are  not  precipitated  by  hydrofluosilicic 
acid. 

Barium  fluoride  forms  a  crystalline  compound 
with  the  chloride  of  barium  BaCU.BaF.^  when  a 
solution  of  barium  chloride  is  mixed  with  one  of 
sodium  or  potassium  fluoride  ;  this  double  com- 
pound is  more  stable  than  the  fluoride  itself,  and 
remains  as  a  granular  mass  on  evaporation  of 
the  solution. 

Barium  carlionate  BaCOj.  The  native  car- 
bonate was  first  noticed  to  occur  at  Leadhills  in 
Scotland,  in  1783,  by  Withering,  and  hence 
received  the  name  witherite.  It  is  found  in 
many  places  in  England,  specially  fine  crys- 
tals being  met  with  at  Fallowfield  in  Northum- 
berland: it  is  also  found  in  Silesia,  Hungary, 
Styria,  Kussia,  South  America.  Witherite  crys- 
tallises in  the  rhombic  system  isomorphous 
with  aragonite,  the  crystals  being  generally  pris- 
matic owing  to  the  predominance  of  the  faces 
ooP,co  f  00  and  f'oo  .  It  occurs  also  in  globular, 
tuberose,  and  botryoidal  forms  ;  also  amorphous. 
Sp.gr.  4-29-4-35,  hardness  3  to  3-75,  lustre  vitre- 
ous to  resinous,  colour  white  to  grey,  streak 
white.  Subtransparent  to  translucent ;  fracture 
uneven ;  brittle. 

Knop  (Landw.  Versuchs-Stat.  17,  65)  found 
0'02  p.c.  of  barium  carbonate  in  Nile  mud 
from  Minich  and  Achmin ;  and  Dworzack 
(Landw.  Versuchs-Stat.  17,  G5)  found  baryta  in 
the  ash  of  the  wheat  grown  thereon.  Alstoniie 
(BaCa)C03  contains  barium  and  calcium  in  vary- 
ing proportions,  and  is  isomorphous  with  wither- 
ite. Baryto-calcito  BaCOj+CaCO,  crystallises 
in  the  monoclinic  system. 

Barium  carbonate  is  rapidly  formed  when 
baryta,  hydrated  or  anhydrous,  is  exposed  to  the 
atmosphere.  Wlien  BaO  is  strongly  heated  it 
absorbs  CO.,,  becoming  incandescent ;  but  the 
carbonate  is  not  formed  at  this  temperature 
(Raoult,  C.  R.  92,  1,110). 

It  is  readily  prepared  by  precipitating  aqueous 
solutions  of  tlie  nitrate  or  chloride  with  am- 
monium carbonate,  filtering,  and  washing  with 
hot  water;  or  by  ignitiug  a  mixture  of  10  parts 
powdered  heavy-spar,  2  parts  charcoal,  and  5 
parts  pearl  ash  (potassium carbonate).  Potassium 
sulphide  and  barium  carbonate  arc  obtained  and 
may  be  separated  by  water.  The  impure  car- 
bonate thus  i^roduced  may  be  used  to  prepare 
other  salts  of  barium,  but  these  salts  will  contain 
iror. 

Artificial  barium  carbonate  is  a  dense  soft 
white  powder,  poisonous  and  hence  used  for  de- 
stroying rats.  It  is  very  sparingly  soluble  in 
water,  slightly  soluble  in  water  containing  car- 
bonic acid,  owing  to  the  formation  of  an  acid 
carbonate  which  is  stable  only  in  solution.  It 
dissolves  r&idily  in  ammonium  chloride,  nitrate, 
and  succinate,  and  when  boiled  with  ammonium 
chloride  is  totally  decomposed,  forming  ammo- 
nium carbonate  and  barium  chloride. 


It  is  not  decomposed  at  a  strong  red  heat, 
but  at  the  heat  of  a  forge  fire  it  fuses  with  loss 
of  carbon  dio.xide ;  the  decomposition  is  much 
more  easily  effected  in  presence  of  carbon. 
It  is  decomposed  by  steam  at  a  red  heat,  and 
very  easily  if  mixed  with  an  equal  weight  of 
chalk  or  slaked  lime. 

The  artificial  carbonate  is  of  considerable 
use  in  chemical  analysis. 

Barium  nitrite  Ba(KOJ.„H,0  is  prepared  by 
igniting  the  nitrate  at  a  moderate  heat,  dissolving 
in  water,  and  precipitating  anybar\-ta  formed  by 
passing  a  stream  of  carbonic  acid  gas  through 
the  solution,  adding  "alcohol  to  the  filtrate  to 
'  precipitate  the  unreduced  nitrate,  and  evaporating 
to  the  crystallising  point.  Or  by  passing  nitrous 
I  vapours  into  barj^a  water,  evaporating  to  dry- 
ness, digesting  in  a  small  quantity  of  water  (not 
suflicientto  dissolve  the  nitrate)  and  crystallising. 
It  is  most  readily  prepared  pure  by  adding 
barium  chloride  to  a  boiling  solution  of  silver 
nitrite,  filtering  oSthe  silver  chloride  and  evapo- 
rating. 

It  is  permanent  in  the  air,  readily  soluble  in 
water  and  alcohol,  and  crystallises  in  colourless 
prisms,  either  needle-shaped  or  thick  short 
prisms  of  71y°,  according  to  Fischer. 

Barium  nitrate  Ba(N03).„  A  native  barium 
nitrate  has  been  discovered  in  Chili  in  the  form 
of  colourless  octahcdra,  occasionally  twinned 
like  spinelle  (Groth.  J.  M.  1883,  l,.Ref.  14). 

Barium  nitrate  is  prepared  on  the  largo  scale 
either  by  dissolving  the  native  carbonate 
I  (witherite)  or  the  crude  sulphide  in  dilute  nitric 
I  acid,  or  by  mixing  hot  saturated  solutions  of 
barium  chloride  and  sodium  nitrate.-  On  cool- 
ing, the  larger  portion  of  the  barium  nitrate 
crystallises  out,  and  the  evaporation  of  the 
mother  liquors  yields  the  remaining  portion. 

Barium  nitrate  crystallises  in  lustrous,  colour- 
less, regular  octahcdra,  frequently  modified  by 
faces  of  the  cube,  of  specific  gravity  3'2.  The 
:  crj'stals  are  permanent  in  the  air,  decrepitating 
I  when  heated  and  melting  at  597^  (CarneUey). 
j  At  a  red  heat  the  salt  decomposes,  evolving 
oxygen,  nitrogen,  and  nitrogen  peroxide,  and 
leaving  a  residue  of  pure  baryta.  It  detonates 
slightly  with  combustible  bodies,  and  decomposes 
with  a  yellowish  light  when  thrown  upon  the 
fire.  It  is  largely  used  in  pyrotechny  for  giving 
green  coloured  lights,  especially  for  the  prepara- 
tion of  green  fire ;  and  for  the  manufacture  of 
sax  if  rag  in,  an  explosive  mixture  of  76  parts  of 
barium  nitrate,  2  parts  of  nitre,  and  22  parts  of 
charcoal. 

It  dissolves  in  water,  producing  a  slight  de- 
pres.sion  of  temperature  ;  100  parts  of  water  dis- 
solve 5-2  parts  of  barium  nitrate  at  O^C,  9-2  at 
20-^0.,  17-1  at  .50^C.,  and  32  2  at  iOO'C.  It  is 
less  soluble  in  dilute  nitric  acid  ;  hence  a  second 

I  crop  of  crystals  may  be  obtained  from  cooled 
saturated  solutions  on  addition  of  a  little  nitric 
acid.  It  is  quite  insoluble  in  concentrated  nitric 
acid  and  in  alcohol. 

Hirzel  (Zeitschr.  f.  Pharm.  1854,  49)  ob- 
tained a  hydrate  Ba(N03).,.2H^O  from  a  solution 
cooled  to  between  0'^  aud"l2°.  Berry  (C.  N.  44, 
190),  by  saturating  the  same  water  with  barium 
and  strontium  nitrates,  introducing  a  crystal  of 

I  Sr(N0.,)...lH,O.  and  evaporating  over  sulphuric 
acid  in  vacuo,  obtained  crystals  containing  17 
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per  cent,  of  a  hydrated  barium  nitrate  isomor- 
phous  with  the  strontium  compound. 

Barium  monosulphide  BaS  is  obtained  in  a 
pure  state  by  passing  sulphuretted  hydrogen 
over  heated  baryta  as  long  as  water  is  formed. 
Veley  (C.  J.  1886,  369)  prepared  pure  crystals 
of  the  hydrate  of  barium  hydroxide  Ba(OH)2.8H„0 
and  heated  them  at  80'^  in  a  current  of  hydro- 
gen until  they  attained  the  constant  composition 
Ba(OH)2.H20,  when  a  stream  of  sulphuretted 
hydrogen  was  passed  over  them,  yielding  pure 
BaS  and  water. 

Ba(OH),.H,0  +  B.S  =  BaS  +  3H,,0. 

It  may  also  be  prepared  by  passing  carbon 
bisulphide  over  red-hot  baryta  or  by  reducing 
powdered  barium  sulphate  in  a  stream  of 
hydrogen. 

On  the  manufacturing  scale  it  is  prepared  by 
roasting  100  parts  of  heavy-spar  with  20  parts  of 
cOfil  slack  or  charcoal.  If  charcoal  is  used  a 
thorough  mixture  must  be  effected,  as  the  re- 
action is  otherwise  very  imperfect  owing  to  the 
non-fusibility  of  the  mass.  If  the  slack  of  bitu- 
minous coal  is  used,  the  '  caking '  supplies  a 
carbonaceous  material  which  readily  permeates 
the  mass  and  insures  complete  reduction.  The 
admixture  of  resin,  oil,  or  sawdust  is  also  advan- 
tageous, and  the  asphalt  of  gas-works  is  a 
capital  reducing  material,  as  the  hydrogen  con- 
tained in  it  prevents  the  formation  of  poly- 
sulphides  of  barium.  The  mass  thus  obtained 
contains  excess  of  carbon  and  some  imdecom- 
posed  sulphate,  but  the  barium  sulphide  may  be 
extracted  by  treating  with  hot  water. 

Another  method  is  to  heat  a  mixture  of  100 
parts  heavy-spar,  200  of  common  salt,  and  15 
parts  charcoal  powder  in  a  reverberatory  furnace, 
the  salt  being  added  to  assist  fusion. 

Barium  sulphide  forms  a  white  mass  of  hepatic 
odour  and  alkaline  taste,  soluble  in  water,  form- 
ing a  mixture  of  hydrate  and  sulphydrate 
2BaS  +  2H,,6  =  Ba(SH),  +  Ba(OH),. 

When  exposed  to  the  air  it  becomes  converted 
into  carbonate  with  evolution  of  sulphuretted 
hydrogen,  owing  to  absorption  of  moisture  and 
carbonic  acid.  When  heated  to  redness  in  pre- 
sence of  aqueous  vapour,  it  is  converted  into 
barium  sulphate  with  elimination  of  hydrogen. 
It  is  decomposed  by  hydrochloric  and  nitric 
acids  with  formation  of  the  chloride  and  nitrate 
and  elimination  of  sulphuretted  hydrogen. 
Chlorine,  bromine,  and  iodine  decomi30se  it  with 
formation  of  chloride,  bromide,  and  iodide,  and 
deposition  of  sulphur. 

The  phosphorescent  material  known  as 
'  Bolognian  phosphorus  '  is  a  sulphide  of  barium 
obtained  l)y  heating  5  parts  of  precipitated  barium 
sulphate  with  1  part  of  powdered  charcoal  over 
a  gas  flame  for  half  an  hour,  and  then  igniting 
for  ten  minutes  over  the  blowpipie  ;  it  must  be 
sealed  up  while  still  hot  in  glass  tubes.  After 
exposure  to  the  sun's  rays,  or  to  any  light  rich 
in  ultra-violet  rays  such  as  that  emitted  by 
burning  magnesium  wire  or  the  electric  arc,  it 
phosphoresces  in  the  dark  with  a  brilliant  orange- 
coloured  light.  Sulphides  of  barium,  strontium, 
and  calcium  are  now  manufactured  for  the  pre- 
paration of  luminous  paints  which  are  used  for 
coating  clock-faces,  match-boxes,  &c.  Their 
surfaces  are  protected  from  moisture  by  a  thin 
coating  of  varnish. 


When  a  solution  of  5  parts  of  barium  sul- 
phide is  boiled  with  1  part  of  sulphur  and  the 
solution  evaporated  over  sulphuric  acid  in 
vacuo,  colourless  six-sided  transparent  tables  of 
BaS  -f  (jH.fi  are  deposited,  which  are  decomposed 
by  a  small  quantity  of  water  forming  barium 
hydrosulphide  which  dissolves  and  barium 
hydroxide  which  remains  behind. 

Barium  hydrosulphide  Ba(SH)2  is  formed 
by  saturating  a  warm  solution  of  barium  hydrate 
or  sul^jhide  with  sulphuretted  hydrogen,  evapo- 
rating ajjart  from  the  air  and  cooling,  when 
crystals  of  baryta  and  yellow  prisms  separate 
out.  The  mother  liquor  is  mixed  with  alcohol, 
filtered  from  the  sulphur  and  barium  thiosul- 
phate  formed,  and  cooled  to  —  10°C.,  when  colour- 
less transparent  four-sided  prisms  are  obtained. 
The  crystals  contain  water,  which  they  lose  on 
heating,  becoming  white.  Exposure  to  air  de- 
composes the  crystals,  with  eftlorescence,  into 
barium  thiosulphate  and  sulphate.  Heated  in 
a  retort  they  lose  their  water  of  crystallisation 
without  fusing,  evolving  sulphuretted  hydrogen 
as  the  temperature  approaches  redness  and 
leaving  a  yellow  mass  of  barium  monosulphide, 
which  becomes  white  on  cooling.  It  is  insoluble 
in  alcohol. 

Veley  (C.  J.  1886,  369)  finds  that  the  com- 
position of  crystals  of  barium  sulphydrate  is 
Ba(SH),,4H.,0. 

Barium  trisulpMde  BaSj  is  formed  when  2 
parts  of  barium  sulphide  are  fused  with  1  part 
of  sulphur,  the  excess  of  sulphur  being  distilled 
otf  below  360",  as  a  greenish-yellow  mass.  It 
melts  at  400°  with  loss  of  sulphur  and  formation 
of  a  black  liquid.  On  boiling  for  some  time  with 
water  it  dissolves  to  a  red  liquid  which  deposits 
on  cooling  crystals  of  the  hydrated  mono-  and 
tetrasuljihides  of  barium. 

Barium  tetrasulphideBaS^.  When  7  parts  of 
barium  suli^hide  are  boiled  in  water  with  4  parts  of 
sulphur,  pale  red  rhombic  prisms  are  deposited, 
soluble  in  water  to  a  red- coloured  liquid  from 
which  alcohol  preciisitates  it  as  an  orange- 
coloured  crystalline  j)owder. 

Veley  (C.  J.  1886,  369)  obtains  it  by  dissolving 
sulphur  in  a  warm  saturated  solution  of  barium 
hydrosulphide  ;  the  crystals  which  separate  out 
have  the  composition  BaS|.2H.^0. 

Barium  pentasulphide  BaS^  is  obtained  in 
solution  by  boiling  an  aqueous  solution  of  the 
monosulphide  with  sulphur.  On  evaporation  of 
the  caustic  alkaline  yellow  solution,  crystals  of 
barium  tetrasulphide  and  sulijhur  are  obtained  : 
BaS5  =  BaS^-^  S. 

Barium  sulphocarbonate  BaCS^  is  deposited 
as  a  canary-yellow  crystalline  powder  when  a 
solution  of  barium  sulphide  is  added  to  carbon 
bisulphide  (Thenard,  0.  R.  79,  673).  On 
the  large  scale  90  p.c.  yield  may  be  obtained, 
and  Dumas  has  suggested  its  use  against  the 
phylloxera  in  wine  districts.  Thenard  is  of 
opinion  that  this  barium  salt  would  be  in- 
jurious to  the  soil  and  jproposes  to  convert  it 
into  the  potassium  salt  by  adding  potassium  sul- 
phate to  its  solution. 

Barium  sulphite  BaSO.,  is  obtained  as  a  white 
crystalline  precipitate  by  adding  potassium  or 
sodium  sulphite  to  a  soluble  barium  salt.  Soluble 
in  a  warm  solution  of  sulphurous  acid,  and 
crystallises  out  on  cooling  in  six-sided  prisms. 
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WLcn  heated  in  closed  vc<!=els  it  is  converted 
into  a  mixture  of  sulphide  and  sulphate,  but 
heated  in  air  the  sulphate  is  the  sole  product. 
IJirnbaum  and  Wittich  {B.  13,  C51)  state  that 
EaO  unites  slowly  \nih  SO.,  at  200°,  but  more 
rapidly  at  230^  fonning  BaSO^ 

Bariam  sulphate  BaSO,  occurs  very  largely 
as  barytes  or  heavy-spar,  often  in  distinct  veins, 
and  frequently  forming  fine  rhombic  crystals, 
generally  associated  with  sulphides  of  the  metals 
of  the  antimony,  mercury,  and  manganese 
groups;  as  these  sulphides  are  mostly  volatile, 
Dieulafait  (C.  K.  97,  51)  concludes  that  barytes 
can  never  have  been  subjected  to  even  a  mode- 
rately high  temperature.  Clowes  (C.  N.  52, 
104)  states  that  the  beds  of  the  new  red  sand- 
stone near  Nottingham  are  permeated  by  minute 
crystals  of  heavy-spar  which  acts  as  a  cementing 
material. 

Crj'stals  of  artificial  barytes,  identical  in  form 
end  properties  with  native  heavy-spar  may  be 
obtained  by  fusing  certain  metallic  chlorides, 
such  as  those  of  manganese,  sodium,  potassium, 
or  even  barium  itself,  gradually  dissolving  barium 
sulphate  in  the  fused  mass,  very  slowly  cooling, 
and  afterwards  extracting  the  soluble  chlorides 
with  water.  By  this  means  Gorgeu  (C.  K. 
96,  1,734)  prepared  crystals  much  larger  than 
those  obtained  by  the  older  process  of  fusing 
potassium  sulphate  with  barium  chloride.  The 
specific  gravity  of  the  mineral  and  of  the  artifi- 
cial crystals  varies  from  4-3  to  4-7. 

Barium  sulphate  has  been  formed  by  Spring 
(Bl.  46,  299)  by  subjecting  an  intimate 
mixture  of  molecular  proportions  of  sodium 
sulphate  and  barium  carbonate  to  great  pres- 
sure. It  is  precipitated  as  a  heavy  white 
amorphous  powder  of  specific  gravity  4-0-4-5, 
whenever  sulphuric  acid  or  a  soluble  sulphate  is 
added  to  the  solution  of  a  barium  salt ;  this  pre- 
cipitate is  insoluble  in  water,  very  slightly 
soluble  in  dilute  acids,  more  so  in  strong  acids. 
Concentrated  sulphuric  acid  does  not  attack 
anhydrous  baryta,  but  pyrosulphuric  acid  attacks 
it  so  violently  that  the  mass  becomes  incandes- 
cent and  forms  bariam  sulphate.  When  freshly 
precipitated  it  is  readily  soluble  in  concentrated 
sulphuric  acid  at  100^,  the  solution  depositing  on 
cooling  lustrous  prisms  of  the  acid  barium  sul- 
phalc  BaH.j(SO|)o.  If  the  acid  solution  be  exposed 
to  the  air,  moisture  is  taken  up,  and  silky  needles 
of  a  salthavingthe  composition  BaH.(SOj).„2H.O 
are  deposited.  Both  these  acid  salts  are  decom- 
posed by  water,  yielding  sulphuric  acid  and  the 
neutral  salt. 

Barium  sulphate  is  also  soluble  to  a  per- 
ceptible extent  in  ammonium  nitrate.  Hydro- 
bromic  acid  solution  containing  40  p.c.  HBr  dis- 
solves it  to  the  extent  of  1  in  2,500  parts  acid 
(Haslam,  C.  N.  53,  87). 

Barium  sulphate  is  partially  decomposed  by 
boiling  with  a  concentrated  solution  of  a  fixed 
alkaline  carbonate  into  alkaline  sulphate  and 
barium  carbonate,  but  the  reaction  is  much  more 
complete  when  the  sulphate  and  alkaline  car- 
bonate are  fused  together.  It  is  reduced  to  sul- 
phide by  ignition  with  charcoal  or  organic  matter, 
also  by  ignition  in  a  streajn  of  coal  gas  or  of 
hydrogen  mixed  with  vapour  of  carbon  bisulphide. 

Powdered  heav^'-spar  is  used  to  adulterate 
white  lead,  but  has  not  suQicieut  body  to  form  a 


pigment  by  itself ;  the  amorphous  sulphate  is 
prepared  on  the  large  scale  by  precipitation  of  a 
solution  of  barium  chloride  of  sp.gr.  1-19  by  one 
of  sulphuric  acid  of  sp.gr.  1*245,  and  is  used  as  a 
pigment  under  the  name  of  '  permanent  white  ' 
or  '  blanc  fixe.' 

Barium  sodium  sulphate  BaNa.(SO,),  is 
formed  as  an  opaque  hard  mass  of  pearly  lustre 
by  fusing  togetlier  equivalent  quantities  of  the 
sulphates  of  .solium  and  barium  (Berthier). 

Bariam  disulphate  BaSp..  If  precipitated 
barium  sulphate  be  dissolved  in  fuming  sul- 
phuric acid,  and  the  solution  heated  to  150°,  on 
cooling  a  glistening  deposit  of  granular  crystals 
of  the  disulphate  is  obtained.  Decomposition  of 
these  crystals  occurs  at  a  low  red  heat  without 
previous  fusion. 

Barium  dithionate  BaSP5.2H._.0.  Prepared 
'  by  adding  barium  sulphide  to  the  manganese 
salt  formed  on  passing  sulphurous  anhydride 
through  finely  divided  manganese  dioxide  sus- 
pended in  water : 

MnS  ,0^  +  BaS  =  MnS  H-  BaS,0,. 

On  allowing  the  solution  to  evaporate  in  a 
warm  place,  glittering  monoclinic  crystals  of  the 
salt  are  deposited  of  the  composition  BaSPi.2H._,0. 
[  According  to  S6narmont  and  Eammelsberg  the 
crystals  are  rhombic.  According  to  V.  Lang 
(Sitz.  B.  [2]  45,  27),  they  are  monoclinic. 

The  crystals  are  soluble  in  4  parts  of  water 
at  18°C.  and  in  11  parts  at  100^  When  the 
dry  salt  is  ignited  it  breaks  up  into  sulphur 
dioxide  and  barium  sulphate.  The  same  de- 
composition occurs  on  boiling  with  hydrochloric 
acid,  but  the  solution  of  the  dithionate  itself  in 
water  may  be  boiled  without  decomposition. 

A  tetrahydrate  BaS._.0s.4H._,0  may  also  be 
obtainea  by  spontaneous  evaporation  in  distinct 
shining  monoclinic  crystals,  which  effloresce  on 
exposure  to  air. 

Barium  thiosulphate  BaS.Oj.H.O  or 
BaH,(SO,); 

is  obtained  as  a  white  crystalline  precipitate 
when  the  sodium  salt  Xa._.S.,Os  is  added  to  barium 
acetate ;  loses  its  water  of  crystallisation  at 
215°.  The  anhydrous  salt  when  heated  to  red- 
ness gives  off  sulphur  and  leaves  a  residue  of 
barium  sulphide,  sulphite,  and  sulphate  : 

I        6BaS,,0,  =  BaS  4  2BaS0,-i-  3BaS0,  +  OS. 

Barium  selenide  BaSe  is  formed  by  heat- 
ing barium  solcnite  to  redness  in  a  stream  of 
hydrogen.  It  is  decomposed  by  water  into 
barium  hydrate  and  a  higher  selenide,  which  is 

j  decomposed  by  acids  with  evolution  of  H.jSe  and 

!  precipitation  of  selenium. 

Barium  selenate  BaScO,  resembles  the  sul- 
phate in  being  insoluble  in  water,  but  differs 

J  from  it  in  being  decomposed  by  hydrochloric 
acid  into  selenite,  which  dissolves  in  the  hydro- 
chloric acid. 

Barium  chromate  BaCrO,  is  precipitated  as 
a  yellow  crysdiUine  powder  when  potassium 
chromate  or  bichromate  is  added  to  the  solution  of 
a  barium  salt.  The  salt  may  be  obtained  in  green 
rhombic  crystals  isomorphous  with  BaSO,  by 
heating  two  equivalents  of  BaCl._,  with  one  equi- 
valent of  potassium  chromate  and  one  of  sodium 
chromate,  and  allowing  the  mixture  to  cool ; 
the  chlorides  may  be  boiled  out  with  water, 
leaving  the  right  rhombic  prisms  of  BaCrO,,  of 
sp.gr.  4"G.     They  are  insoluble  in  water,  but 
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are  easily  soluble  in  hydrochloric  and  nitric  acids, 
and  are  decomposed  by  sulphuric  acid  intoBaSO, 
and  CrOj  (Bourgeois,  C.  E.  88,  382). 

The  2)recipiitated  chromate  is  used  as  a  pig- 
ment under  the  name  of  '  lemon  yellow '  or 
'  yellow  ultramarine.'  When  strong  sulphuric 
acid  is  added  to  the  dry  pigment  great  heat  is 
developed,  and  it  is  coloured  deep  red  from 
liberation  of  CrO.,.  If  it  be  now  ground  in  a 
mortar  and  heated  to  bright  redness,  the 
chromic  acid  is  reduced  to  chromic  oxide  and  a 
fine  green  pigment  is  obtained  (Douglas,  C.  N. 
40,  59). 

Barium  dichromate  BaCr^Oj  is  obtained  by 
dissolving  barium  chromate  in  hot  concentrated 
chromic  acid.  On  cooling,  red  crystals  of  the 
composition  BaCroO,.2H,^0  are  deposited,  which 
lose  their  water  at  100°,  and  are  decomposed  by 
water  into  the  normal  chromate  and  chromic 
anhydride  (Preis  and  Eayman,  B.  13,  340). 

Barium  manganate  BaMnO,,  is  formed  when 
manganese  dioxide  is  heated  with  barium  car- 
bonate or  nitrate  as  an  emerald-green  powder 
consisting  of  microscopic  four-sided  prisms  or 
six-sided  plates,  insoluble  in  water  but  decom- 
posed by  acids.  This  salt  is  now  used  in  j^lace 
of  the  poisonous  Scheele's  green. 

Barium  permanganate  BaMn^.O,  is  prepared 
by  passing  carbonic  acid  gas  through  water 
containing  barium  manganate  in  suspension; 
after  filtering  off  the  barium  carbonate  the  red 
solution  is  rapidly  evaporated.  Or  it  may  be 
obtained  by  the  action  of  barium  chloride  on 
silver  permanganate. 

Or  potassium  permanganate  may  be  decom- 
posed by  slight  excess  of  hydrofluosilicic  acid, 
the  mixture  kept  cool,  and,  after  separation  of 
the  precipitated  potassium  silicofluoride,  the 
supernatant  solution  decanted  and  saturated  in 
the  cold  with  barium  hydrate.  After  separation 
of  the  insoluble  barium  silicofluoride,  the  solution 
is  evaporated  until  the  barium  permanganate 
separates  out  on  cooling  (Rousseau  and  Bruneau, 
C.  R.  98,  229). 

It  forms  large  orthorhombic  octaliedra,  deep 
red  and  almost  black,  with  a  violet  reflection. 

It  is  used  for  the  preparation  of  permanganic 
acid  and  of  the  ammonium  salt. 

Rousseau  and  Saglier  (C.  R.  99,  139)  find 
that  on  heating  two  grams  of  barium  man- 
ganate with  ten  grams  of  barium  chloride  for 
four  hours  to  1,500°C.,  and  extracting  with 
water  and  dilute  acid,  a  residue  of  small  opaque 
bluish-black  crystals  of  barium  manganite 
BaMnO.,  remains,  sp.gr.  5-85,  readily  soluble  in 
hydrochloric  acid  with  evolution  of  chlorine. 
The  manganite  is  also  formed  when  mixtures  of 
manganese  chloride  and  barium  oxychloride  are 
heated  to  a  temp>erature  below  1,000°C.  or  above 
1,100°C.  Between  these  temperatures  the  pro- 
duct is  barium  dinianganite  Ba0.2Mn02  which 
crystallises  in  brilliant  black  laniellffi.  At  1500°C. 
the  manganite  is  reconverted  to  manganate. 

Barium  phosphide.  When  vapour  of  phos- 
phorus is  passed  over  red-hot  baryta  a  brownish- 
red  mix«ture  of  barium  phosphide  and  phos- 
phate is  obtained  commonly  known  as  '  phos- 
phuret  of  baryta,'  the  reaction  being  said  to  be 
as  follows     8BaO  +  12P  =  .5BaP,, -i-  Ba3(P0.,),. 

It  is  decomposed  by  water,  forming  a  solu- 
tion of  hypophosphite  of  barium  and  evolving  a 
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mixture  of  free  hydrogen  and  spontaneously  in- 
flammable pliosphoretted  hydrogen. 

Barium  mono-metaphosphate  is  obtained  as  a 
white  powder  by  evaporating  a  solution  of 
barium  carbonate  in  excess  of  metaphosphoric 
acid  and  heating  the  residue  to  316°.  Its 
formula  is  not  known  with  certainty. 

Barium  dimetaphosphate  Ba(P03).,.2H.,0  is 
formed  as  a  crystalline  sparingly  soluble  i^recipi- 
tate  when  barium  chloride  is  added  to  a  solution 
of  the  corresponding  ammonium  or  sodium  salt. 

Barium  trimetaphosphate  Ba:,P|j0,s.6Ho0,  ap- 
parently a  polymeric  form  of  the  last  salt,  is 
produced  when  a  solution  of  1  part  of  the  cor- 
responding sodium  salt  in  10  to  15  parts  of 
water  is  mixed  with  a  nearly  saturated  solution 
of  3  i^arts  barium  chloride.  On  standing  the 
salt  separates  in  monoclinic  prisms,  which  give 
off  two-thirds  of  their  water  at  100°,  and  the 
rest  at  a  higher  temperature. 

Barium  hexametaphosphate  is  obtained  as 
a  gelatinous  precipitate  by  precipitating  the  cor- 
responding sodium  salt  with  barium  chloride. 

Monobarium  orthophosphate  BaHj(PO^).,  is 
prepared  by  evaporating  a  solution  of  the  di-  or 
tri-barium  salt  in  aqueous  phosphoric  acid.  It 
forms  colourless  crystals — triclinic  according  to 
Erlenmeyer,  with  acid  reaction  ;  soluble  without 
decomposition  in  a  small  quantity  of  water,  but 
decomposed  by  excess  of  water  into  free  phos- 
phoric acid  and  the  neutral  salt. 

Joly  (C.  R.  98,  1274)  states  that  as  the 
total  weight  of  salt  brought  in  contact  with 
the  same  quantity  of  water  increases  in 
arithmetical  progression,  the  weight  which  is 
dissolved  without  decomposition  decreases  in 
geometrical  progression  ;  but  as  soon  as  half  the 
original  salt  has  been  decomposed  a  diacid  salt 
is  formed  Ba0.2P203  -i-  xH^O,  the  jiroportion  of 
which  increases  as  the  acidity  of  the  liquid 
increases,  and  eventually  exists  alone  in  solution. 

Dibarium  orthophotphate  Ba,,Ho(P0,|)2  or 
BaHPO,,  is  obtained  as  a  wliite,  scaly,  crystalline 
precipitate  when  hydrogen  disodium  phosphate  is 
added  to  a  neutral  solution  of  a  barium  salt. 
It  is  soluble  in  20,570  parts  of  water  at  20°, 
somewhat  more  soluble  in  water  containing 
barium  or  sodium  chloride  or  ammoniacal  salts. 
From  the  solution  in  nitric  or  hydrochloric  acid 
excess  of  ammonia  precipitates  the  tribarium  salt 
or  a  salt  intermediate  between  the  two.  Thus, 
according  to  Wackenroder,  a  solution  of  BaHP04 
in  nitric  acid  yields,  on  addition  of  ammonia,  a 
precipitate  of  barium  phosphato-nitrate 

4BaHPO^.Ba(N03)„ 
which  leaves,  on  ignition,  a  mixture  of  di-  and 
tribarium  phosphates. 

By  precipitating  a  solution  of  dibarium  phos- 
phate with  alcohol  a  salt  intermediate  between 
the  mono-  and  di-salts  is  obtained 

BaH,(P0,),.2BaHP0,.3H,0. 

If  a  mixture  of  potassium  silicate  and  baryta 
water  is  boiled,  and  afterwards  mixed  with  a 
solution  of  potassium  silicate  containing  a  quan- 
tity of  potassium  phosphate,  on  cooling,  cubical 
crystals  of  the  composition  BaKPO.,.10H.,O  se- 
parate out.  BaNaPO,,.10H„O  was  similarly  ob- 
tained in  regular  tetrahedrons  (De  Schulten 
C.  R.  96,  706). 

Tribarium  orthophosphate,  or  neutral  phos- 
phate of  barium,  Ba^(PO,);,.H  ,0  is  prepared  by 
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adding  hydrogen  disodium  phosphate  to  a  solation 
of  barium  chloride  rendered  strongly  alkaline  by 
ammonia,  and  separates  as  a  heavy  granular 
powder.  It  parts  with  a  portion  only  of  its 
•water  at  200°C. 

If  a  saturated  solution  of  tribarium  phos- 
phate in  hydrochloric  acid  is  evaporated,  on 
cooling,  crystals  of  barium  chloride  are  de- 
posited, more  and  more  monobarium  phosphate 
being  left  in  solution,  and  if  more  hydrochloric 
acid  is  added,  all  the  barium  may  be  crystallised 
out  as  barium  chloride  and  pure  phosphoric 
acid  remains. 

If  the  solution  of  tribarium  phosphate  in 
hydrochloric  acid  is  boiled,  shining  needles  form 
in  the  liquid,  and  on  adding  suthcient  water  to 
redissolve  them,  well-defined  crystals  of  a  phos- 
phato-chloride  4BaHj(P0j).„BaCl..  are  deposited 
on  standing  (Erlenmeyer,  J.  1857,  147). 

According  to  Ludwig,  a  solution  of  dibariimi 
phosphate  in  hydrochloric  acid  also  yields,  on 
addition  of  ammonia,  a  phosphato-chloride  con- 
taining .SBa,H,P,0„..BaCl,.:^H,0. 

A  salt  intermediate  between  the  di-  and  tri- 
phosphates, containing  Baj(P04).„2BaHPO,  or 
BajHoPjO,,;,  is  formed  when  a  solution  of  the 
dibarium  phosphate  in  hydrochloric  acid  is 
mixed  with  a  quantity  of  ammonia  just  sufficient 
to  precipitate  it. 

Barium  pyrophosphate  BaJP^,0,.  Pyro- 
phosphoric  acid  does  not  precipitate  barium 
Baits,  but  with  baryta  water  gives  a  precipi- 
tate of  barium  pyi'ophosphate.  Barium  salts, 
however,  give  with  sodium  pyrophosphate 
a  white  amoqjhous  precipitate  of  barium  pjTO- 
phosphate,  soluble  in  aqueous  pyroi^hosphoric 
and  sulishurous  acids ;  more  soluble  in  hydro- 
chloric or  nitric  acid,  but  not  perceptibly  soluble 
in  water  containing  ammonium  chloride  or  in 
acetic  acid. 

Monobarium  arsenate  BaH.,(AsO,)^,  is  obtained 
by  adding  baryta  water  to  aqueous  arsenic  acid 
until  a  precipitate  begins  to  form,  or  by  dis- 
solving the  dibarium  salt  in  aqueous  arsenic 
acid  and  leaving  the  solution  to  crystallise. 

Dibarium  arsenate  2BaHAsO^.H.O,  or 

BaHAsO,.H.O 

accordingtoBerzelius,  is  obtained  when  a  solution 
of  the  disodium  salt  is  added  to  excess  of  barium 
chloride.  It  gives  up  its  water  at  a  red  heat, 
and  in  contact  with  water  is  decomposed  into 
the  tribarium  salt,  which  is  preciintated,  and 
the  uioniibarium  salt,  which  dissolves. 

Tribarium  arsenate  Baj(AsO|).  is  obtained  as 
a  while  sparingly  soluble  powder  by  precipitating 
aqueous  arsenic  acid  with  baryta  water,  or  better, 
by  gradually  dropping  trisodium  arsenate  into 
barium  chloride. 

Barium  ^ilicate.  Solutions  of  baryta,  when 
kept  in  glass  bottles  for  any  length  of  time 
dopi.isit  tiansparuul  rhombic  crystals  of  the  com- 
position BaSi03.7H...O.  These  crystals  lose  their 
water  a  little  above  100°  and  become  turquoise- 
bhie :  they  are  decomposed  bv  boiling  water 
(Lo  Ciiatelier,  C.  E.  92,  931)  ;  Cossa  and  Lavalle 
(Z,  11,  ;!9n). 

According  to  LeChatelicr  they  may  be  readily 
obtained  in  a  few  days,  by  suspending  calcined 
silica  in  baryta  water,  when  the  sides  become 
covered  with  crystals. 


Barium  titanate.  When  equivalent  quan- 
tities of  titanic  anhydride  and  barium  carbonate 
are  fused  at  a  bright  red  heat  for  an  hour  with 
excess  of  barium  chloride,  and  the  product  ex- 
tracted with  very  dilute  hydrochloric  acid,  a 
residue  of  yellow  microscopic  crystals  resembling 
cubes  and  octahedra  of  the  composition 
2Ba0.3TiO, 

and  of  specific  gravity  5'91  remains  undissolved. 
These  crystals  are  found  on  examination  by 
polarised  light  to  consist  of  aggregations  of 
rhombic  lamella;. 

Beactions  of  the  compoonds  of  barinm.  \Vhen 
heated  on  a  thin  platinum  wire  in  the  inner 
blowpipe  flame,  or  when  brought  into  any  non- 
luminous  flame,  barium  compounds  impart  a 
yellowish-gi-een  colour  to  the  outer  flame.  When 
viewed  through  the  spectroscope  two  green  lines 
Baa  and  Ba)3  come  out  most  intensely ;  Be*, 
though  not  so  marked,  is  also  a  peculiarly  dis 
tinct  hne.  Besides  these,  there  are  numerous 
lines  in  the  red  and  yellow  and  one  broad  indis- 
tinct line  in  the  blue,  close  to  Fraunhofer's  F. 
Bunsen  found  that  of  a  miUigi-am  of  barium 
salt  may  be  detected  spectroscopically.  Sili- 
cates of  barium  give  this  reaction  on  moisten- 
ing with  strong  hydrochloric  acid. 

The  hydrate,  sulphide,  chloride,  bromide, 
iodide,  nitrate,  and  many  organic  salts  of  barium 
are  soluble  in  water,  and  all  are  poisonous.  The 
majority  of  the  remaining  salts  are  soluble  in 
hydrochloric  and  nitric  acids,  while  the  sulphate 
and  silicofluoride  are  insoluble  in  all  acids. 

Alkaline  carbonates  precipitate  white  barium 
carbonate,  soluble  in  most  acids,  hence  ammo- 
nium carbonate  is  used  to  precipitate  it  (along 
with  the  carbonates  of  strontium  and  calcium) 
in  qualitative  analysis. 

Potassiimi  and  sodium  hydrates,  free  from 
carbonates  and  sulpliates,  give  a  voluminous 
precipitate  of  barium  hydrate  Ba(OH)o  with  con- 
centrated solutions  soluble  in  more  water.  Am- 
monia gives  no  precipitate. 

Sulphuric  acid,  as  well  as  all  soluble  sul- 
phates, throws  down  barium  sulphate  from  all 
solutions  of  barium  salts.  Pickering  (C.  N. 
46,  223)  states  that  the  smallest  quantity 
of  barium  which  can  be  detected  is  1  part 
in  833,000  parts  of  water.  The  presence  of 
an  alkaline  citrate  greatly  interferes  with  the 
precipitation.  Strontium  sulphate  (which  is 
more  soluble)  forms  a  delicate  test  for  barium. 

Phosphate,  arsenate,  borate,  and  iodate  of 
sodium  also  give  precipitates  soluble  in  acids. 

Ammonium  oxalate  gives,  from  moderately 
dilute  solutions,  a  white  pulverulent  precipitate 
of  barium  oxalate. 

Potassium  chromate  precipitates  bright 
lemon-yellow  barium  chromate,  soluble  in  nitric, 
hydrochloric,  or  chromic  acid. 

Hydrofluosilieic  acid  gives  a  colom-less  crys- 
talline precipitate  of  barium  silicofluoride;  this 
reaction  will  detect  1  part  of  the  clileride  in 
3,800  parts  wutcr.  The  precipitate  is  nearly  in- 
soluble in  nitric  and  hydrochloric  acids,  more 
insoluble  in  alcohol. 

Barium  is  readily  distinguished  from  lead 
(which  also  forms  a  sulphate  insoluble  in  water) 
by  the  fact  that  sulphuretted  hydrogen  gives  a 
black  precipitate  of  lead  sulphide  with  soluble 
lead  salts. 
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Soluble  barium  salts  are  at  once  distin- 
guished from  those  of  strontium  and  calcium  by 
the  fact  that  they  are  immediately  precipitated 
by  a  solution  of  calcium  sulphate,  which  only 
gives  a  precipitate  with  strontium  salts  on  stand- 
ing. The  hydrotluosilicic  acid  reaction  is  also  of 
■use  in  separating  barium  from  the  other  two 
metals.  Barium  chloride  is  also  insoluble  in 
alcohol  while  the  chlorides  of  strontium  and 
calcium  are  soluble,  and  the  nitrates  of  barium 
and  strontium  are  insoluble  in  alcohol  while  cal- 
cium nitrate  is  soluble.  From  these  facts  a  scheme 
of  separation  is  readily  derived,  the  jjrecipitated 
carbonates  of  barium,  strontium,  and  calcium 
being  converted  into  chlorides,  and  the  chlorides 
of  strontium  and  calcium  dissolved  out  by 
alcohol,  leaving  a  residue  of  chloride  of  barium. 
The  strontium  and  calcium  may  then  be  sepa- 
rated by  converting  their  reprecipitated  carbon- 
ates to  nitrates  and  dissolving  out  the  calcium 
nitrate  {v.  Anaiahis). 

Estimation  of  barium.  Barium  is  generally 
estimated  in  the  form  of  sulpliatc,  which  is  pre- 
cipitated from  the  hot  solution  of  the  weighed 
quantity  of  substance  by  dilute  sulphuric  acid, 
which  must  be  added  in  considerable  excess  to 
prevent  the  original  undecomposed  salt  from 
being  carried  down  by  the  sulphate. 

The  precipitate  is  often  discoloured  by  iron, 
from  which  it  may  be  freed  by  boiling  the  pre- 
cipitate, after  settling  and  decantation,  with  5  to 
10  c.c.  of  hydrochloric  acid,  neutralising  with 
ammonia  and  re-acidifying,  after  which  treatment 
it  becomes  XDerfectly  white. 

In  its  organic  salts  barium  may  be  estimated 
as  carbonate  by  ignition  in  a  platinum  crucible 
and  subsequent  moistening  of  the  residue  with 
a  concentrated  solution  of  ammonium  carbonate, 
evaporation,  gentle  ignition,  and  weighing. 

Barium  may  be  estimated  in  presence  of 
strontium,  calcium,  and  magnesium  by  precipi- 
tating it  from  solutions  containing  acetic  acid  as 
cliromate  by  means  of  potassium  chromate,  col- 
lecting the  precipitate  upon  a  weighed  filter,  and 
washing  with  dilute  acetic  acid  containing 
potassium  chromate,  Frcrichs  (B.  1874,  800  and 
956),  Morse  (A.  C.  J.  1880  [2]  176).      A.  E.  T. 

BARK  BREAD.    A  kind  of  bread  formerly 
made  by  the  peasants  in  various  parts  of  Nor- 
way from  tlie  inner  bark  of  Pimis  sijlvestris. 
'BARKLYITE  v.  Corundum. 

BARLEY  V.  Cepjcals. 

BAEUS  CAMPHOR  v.  CAMrnoES. 

BARWOOD  V.  Sandeuswood. 

BARYTA  GREEN  v.  Bakitim. 

BARYTIC  WHITE,  oi-  PERMANENT  WHITE, 
or  BLANC  FIXE  v.  Bamuu  ;  also  Pigments. 

BARYTO-CffiLESTINE  v.  Stkontium. 

BASIC  BESSEMER  STEEL  v.  Ii;on. 

BASILICON.  A  mixture  of  oil,  was,  and 
resin,    llcsin  cerate. 

BASLE  BLUE  v.  Azines. 

BASSIA  or  MAHWA  FLOWERS.  The 
flowers  of  B.  latifolia  or  Mahwa,  a  tree  growing 
to  the  height  of  60  ft.,  very  abundant  in  Central 
India,  are  very  succulent  and  fall  from  the  tree 
in  large  quantities  every  night,  a  single  tree 
atfording  from  200  to  400  lbs.  of  flowers  in  a 
season,  which  lasts  during  March  and  April. 
They  are  used  as  an  article  of  food,  both  cooked 
and  raw.    By  fermentation  and  distillation  they 


yield  6'IG  gallons  of  proof  spirit  per  cwt.  It  is  of 
a  very  superior  quality,  and  when  the  operations 
have  been  carefully  performed,  is  very  much  like 
good  Irish  whisky,  having  a  strong  smoky  and 
rather  fa-tid  flavour,  which  disappears  with  age. 

They  Jjave  also  been  used  as  a  cattle  food 
with  success.  It  is  said  that  the  flesh  of  pigs  and 
other  animals  is  much  improved,  acquiring  a 
delicate  flavour. 

Church  (Gard.  Chron.  1886,  86)  found  56  p.c. 
sugar,  3-2  p.c.  of  which  was  sucrose,  but  only 
2-2  p.c.  of  nitrogen ;  hence  these  flowers  ought 
to  be  mixed  with  nitrogenous  foods. 

Eecently  the  dried  flowers  have  been  recom- 
mended as  a  source  of  sugar.  Negri  found  in 
them  57'9  p.c.  of  glucose  yielding  26-74  p.c.  of 
alcohol  on  distillation  (Rev.  Chim.  Med.  Pharm. 
2,  384). 

BASSIA  OILS.  The  best  known  oil  is  ob- 
tained from  Bassia  (Btivjrospcrimim)  Parkii,  a 
tree  growing  in  Africa.  By  boiling  its  seeds  in 
water,  a  white  bland  fat  of  an  agreeable  taste 
is  obtained  ;  it  is  known  in  commerce  as  Bam- 
bara-,  Bambui-,  Galam-,  or  Shee  butter.  It 
soon  turns  yellowish  and  rancid  in  hot  climates. 
This  tree  also  yields  a  gutta-percha,  of  sp.gr. 
0'976,  which  becomes  electrical  by  friction,  is 
more  insoluble  in  light  petroleum  oil,  of  turpien- 
tiiie  and  hot  acetic  acid  than  ordinary  gutta- 
percha, softens  in  warm  water,  and  can  be  used 
tor  galvanoplastic  and  insulating  purposes 
(Hackel  a.  Schlagdenhaffen,  C.  R.  101,  1,009; 
Jackson,  P.  J.  T.  [3J  8,  646). 

From  Bassia  biitijmcece,  known  as  Phulica 
or  Indian  butter  tree,  a  soft  white  fat  can 
be  extracted  by  bruising  and  pressing  the  seeds. 
This  keeps  well,  makes  a  good  soap,  and  burns 
with  a  bright  light,  without  smoke  or  smell. 
The  residual  cake  is  used  as  a  food  material. 
The  '  Butter  of  Allipa,'  described  by  Eiche  a. 
Eemout  (J.  Ph.  [5]  1,  21-5)  which  melts  at  a 
higher  temperature  than  other  similar  bodies, 
and  the  use  of  which  is  recommended  for 
the  manufacture  of  tapers,  is  probably  this  fat 
and  not  that  derived  from  B.  longifolia. 

Bassia  longifolia,  Illupc  or  IlUiK,  is  a  tree 
growing  to  a  height  of  40  ft.,  found  in  the  forests  of 
Western  Mysore ;  the  oil  derived  from  the  seeds 
retains  its  solidity  at  a  moderate  temperature, 
but  turns  rancid  quickly  if  the  weather  be  warm. 

From  the  seeds  of  Bassia  latifolia  a  fluid 
greenish  oil  is  expressed,  which  keeps  well  in 
cool  climates,  and  is  used  in  the  manufacture  of 
soap.  Valenta  (D.  P.  .1.  251,  461)  describes  the 
seeds  as  1  to  2  cm.  long,  inclosed  in  a  brown 
skin,  and  as  possessing  a  bitter  aromatic  taste 
and  peculiar  odour.  The  seeds  dried  at  100°C. 
contained 

Fat  (extracted  by  light  petroleum)        .  51'14 
,,    soluble  in  absolute  alcohol     .       .  7'83 

Tannin  2-12 

Bitter  principle,  soluble  in  water  .       .  0'60 

Starch  0-07 

Vegetable  mucilage  ....  1-65 
Albuminous  substances  soluble  in  water  3-60 
Extractive  substances  soluble  in  water  .  15-59 
Insoluble  proteids  .....  4-40 

Total  ash  2-71 

Fibre  and  loss  10-29 

The  fat  had  a  sp.gr.  of  0-9175  at  15^,  melted  at 
25°'3,  and  solidified,  at  17°-o  to  18°-5. 
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The  composition  of  the  commercial  fats  is 
very  variable;  they  are  probably  mixtures  of  oils 
from  dillerent  species.  Hardwick  found  in  a 
sample  melting  between  27°  and  30°C.  and 
having  a  sp.gr.  of  0'958,  oleic  and  bassic  acids, 
and  glycerol.  The  sample  was  sparingly  soluble 
in  anhydrous  alcohol  and  ether  (C.  T.  J.  2,  231). 
O.  Henry  found  stearine  to  predominate ; 
Pelouze  a.  Bourdet  olein  ;  Buff  could  not  detect 
palmitic  acid.  Thomsen  a.  Wood  discovered  an 
acid  melting  at  70°  identical  with  stearic  acid. 

According  to  Schiidler  the  Bassia  longifolia 
fat  consists  of  80  p.c.  stearin  and  20  p.c.  olein, 
whilst  Valenta  finds  03-49  p.c.  oleic  acid  and 
3G-51  p.c.  of  a  fatty  acid  melting  at  02°,  essen- 
tially the  same  as  palmitic  acid,  and  Max 
Buchner  (C.  C.  15,  2.37)  found  80  p.c.  of  palmitic 
acid  melting  at  00°. 

For  a  further  account  v.  Jackson  (P.  J.  T.  [3] 
8,  640). 

BASSOKA  GUM  v.  Gcms. 

BATATA,  or  SWEET  POTATO,  the  tuber  of 
Batata  echdis,  a  plunt  belonging  to  the  con- 
volvulus family,  cultivated  in  warm  climates. 

According  to  Savalle  it  is  an  excellent  source 
of  alcohol,  100  kilos,  of  tubers  yielding  from  12 
to  13  litres  of  100  p.c.  alcohol.  The  tubers  con- 
tain 10-20  p.c.  of  sugar  and  16'05  p.c.  of  starch 
(Ealu,  Eeinke),  v.  Am.  S.  [3]  13, 197,  202  ;  C.  N.  40, 
195  ;  Savalle,  W.  J.  32,  120 ;  Ealu,  llev.  Univers. 
Distillevic,  1885, 593  ;  Eeinke,  Zeitschr.  f.Spiritus 
Industrie,  1885,  375. 

BATH  BRICK.  A  brick  made  from  deposits 
of  siliceous  and  calcareous  earth  at  Bridgewater, 
Highbridge,  and  elsewhere,  and  used  for  polish- 
ing metals. 

BATH-METAL.  An  alloy  of  copper  and 
zinc  containing  a  larger  proportion  of  copper 
than  ordinary  brass,  viz.  83  p.c.  copper  to  17  p.c. 
ziuc,  sp.gr.  8-451 ;  fracture  crystalline,  and 
colour  yollowish-red. 

BAUXITE  V.  Aluminium. 

BAY-SALT  V.  Sodium  chloride. 

BDELLIUM  V.  Gum  kesins. 

BEBEEEU  BARK.  The  dried  bark  of  Ncc- 
tandra  Eoduci,  the  greenhcart  tree,  obtained 
from  British  Guiana,  contains  beberine,  to 
which  its  strong  persistent  bitter  taste  is  due. 
Occasionally  used  as  a  tonic  and  antiperiodic. 

BEECH  NUT  OIL.  A  clear  light  yellow, 
viscid,  inodorous  oil,  of  sp.gr.  0-9225  at  lo'^,  ob- 
tained by  subjecting  beech  nuts  to  pressure. 
Coloured  rose-red  by  nitric  acid.  It  is  non- 
drying,  makes  a  good  white  soap,  and  is  used  in 
cooking  and  as  a  lamp  oil  (Lefort,  C.  11.  35, 
734). 

According  to  Boehm  (Ar.  Ph.  [3]  22,  159)  the 
cake  contains  an  organic  base  termed  lurido- 
chol  in. 

BEECH  TAR.  According  to  Fisher,  100 
l^arts  of  beech  wood  yield  on  dry  distillation  45 
parts  of  acetic  acid,  23  parts  ol'  charcoal,  4  of 
oil,  and  28  of  gas,  consisting  of  20  parts  car- 
bonic dioxide,  7  of  carbon  monoxide,  0-5  of 
mav.'ih  gas,  0-05  of  hydrogen,  and  0-45  of  water 
(D.  P.  J.  238,  55). 

The  tar  contains  phenol,  cresol,  phlorol, 
guaiacol,  and  crcosol,  the  dimethyl  ether  of 
propyl  pyrogallol,  the  dimethyl  ether  of  pyro- 
gallol,  which  on  oxidation  yield  ccerulignoue  or 
ceJiret,  pittacal,  and  picaraar. 


According  to  Gratzel  (J.  Ph.  [5]  6,  520) 
ferric  cliloride  colours  beech  tar  creosot*  a  blue 
passing  to  brown. 

For  a  history  of  the  investigations  made  upon 
wood  tars  v.  Schorlemmer  (S.  C.  I.  4, 152),  where 
also  w-ill  be  found  a  bibliography  of  the  subject 
(v.  also  Creosote,  and  Wood,  desiiiuctive  dis- 

TILL\TIiiN  ok). 

BEEGERITE.  A  sulphide  of  bismuth  and 
antimony  found  in  Park  Co.,  Colorado. 


a 

b 

s 

14-97 

16-39 

Bi 

20-59 

19-35 

Pb  . 

64-23 

45-37 

Cu  . 

1-70 

112 

Ag     .  . 

9-98 

Fe 

2-89 

Insol.  . 

0-12 

Total  . 

.  101-49 

95-72 

Sp.gr. . 

7-273 

6-5C5 

(a)  Konig,  A.  C.  J.  2,  379. 
(6)  Konig,  Z.  K.  11,  290. 
BEER  V.  Brewixo. 

BEESWAX.  Wax  is  really  secreted  by  bees, 
and  not  collected  from  plants.  If  bees  are  fed 
with  pure  sugar  or  honey  they  wiU  continue  to 
produce  wax  (A.  162,  235  ;  C.  J.  25,  639).  Bees- 
wax melts  at  64°-05°,  sp.gr.  0-96931 ;  sometimes 
found  adulterated  with  Japanese  wax,  which  is 
cheaper,  but  is  heavier  and  of  lower  melting-point. 
A  table  of  sp.gr.,  melting  and  solidifying  points 
of  mixture  of  pure  beeswax  and  Japan  wax, 
is  given  C.  E.  78,  1,544,  abs.  C.  S.  J.  27,  1,026. 
Wax  is  often  adulterated  with  taDow.  Pure  wax 
floats  on  alcohol  of  29'.  By  observing  the 
strength  of  alcohol  on  which  a  sample  floats,  the 
jiercentage  of  pure  wax  may  be  deduced. 
If  alcoholometershows29-0  =  100  p.c. pure  wax 
„  39-63=  75  „ 
„  „     50-25=  50  „ 

„     60-87=  25  „ 
,.     71-50=    0  „ 
(Hardy,  C.  C.  1872,  538;  C.  J.  26,  655.) 

Adulteration  with  ccrosin  is  detected  by  boil- 
ing with  strong  alcoholic  potash  and  keeping  the 
mixture  warm  and  at  rest  for  some  time ;  if  the 
wax  is  pure  the  solution  remains  clear ;  if  cerosin 
be  present  paratJin  will  float  to  the  top  (D.  P.  J. 
231,  272  ;  C.  J.  1879  [2]  675). 

Adulteration  with  resin  may  be  detected  in  the 
following  way  :  5  grams  of  the  wax  are  boiled  for 
one  minute  with  25  grams  nitric  acid  (1-33  sp.gr.), 
the  liquid  somewhat  diluted  and  saturated  with 
annnonia ;  if  the  wax  is  pure  the  alkaline  liquid 
is  yellow,  if  resin  was  jnesent  the  liquid  has  a 
dark-brown  colour.  1  p.c.  of  resin  can  bo  de- 
tected in  this  way  (A.  Ph.  [3]  13,  212  ;  abs.  C.  J. 
1879  [2J  283). 

If  the  sp.gr.  of  wax  is  higher  than  0-964, 
adulteration  w-ith  stearin,  resin,  or  Japan  wax 
may  be  suspected  ;  if  lower  than  0-956,  paraflin, 
ozokerit,  or  tallow  is  probablv  present  (D.  P.  J. 
238,  356 ;  abs.  C.  J.  1881  [2]  316). 

For  tables  of  sp.gr.  of  wax  and  of  substances 
used  in  adulterating  it,  see  Arch.  Pharm.  [3]  20, 
454;  abs.  C.  J.  18S2  [2)  1,139). 

Method  of  testing  beeswax  for  adulterations 
with  other  waxes  by  estimating  the  ratio  of  the 
total  alkali  (KOH)  required  for  complete  saponi- 
fication to  that  required  to  neutralise  the  free 
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acid  is  given  in  D.  P.  J.  249,  338  ;  abs.  C.  J.  1884 
[2]  506. 

Tables  of  analyses  of  waxes  from  many  dif- 
ferent [)laces  average  14'4  p.c.  cerotio  acid  and 
88-09  myricin  (D.  P.  J.  251,  1G8  ;  abs.  C.  J.  1884 
[2]  779). 

If  yellow  wax  is  exposed  in  thin  shreds  to  air 
and  sunlight  it  is  slowly  bleached  and  becomes 
somewhat  less  fusible.  It  can  also  be  bleached 
by  nitric  acid.  Chlorine  bleaches,  but  also  com- 
bines with  it.  If  boiled  with  nitric  acid  it  is 
readily  oxidised,  being  converted  into  an  oil  con- 
taining pimelic,  adipic,  and  lip)ic  acids.  By  long 
heating  succinic  acid  is  produced.  Wax  is  soluble 
in  sulphuric  acid  at  GO^C. ;  at  a  higher  tempera- 
ture it  is  carbonised. 

By  boiling  with  alcohol  it  may  be  separated 
into  tliree  substances :  (1)  myricine  or  myricio 
pahnitate  C„^H.,|(C.,„H5,)0.m  insoluble  in  boiling 
alcohol ;  (2)  cerotic  acid  C.,;Tl.^fi.,  crystallising 
from  boiling  alcohol ;  (3)  ceroleiu,  which  remains 
dissolved  in  cold  alcohol.  Beeswax  is  decom- 
posed on  distillation,  giving  off  CO.,  and  C^H,,  ace- 
tic and  propionic  acids,  a  white  thick  oil  or  '  wax 
butter,'  and  a  carbonaceous  residue.  On  distilling 
with  lime  nearly  the  same  products  are  obtained. 

Wax  is  very  slowly  saponified  by  boiling  with 
potash  solution,  but  if  the  wax  is  melted  and 
mixed  with  fused  potash,  a  little  gas  is  given  off, 
and  the  whole  is  very  readily  converted  into  a 
thick  amber-coloured  soapy  mass,  soluble  in 
a  large  quantity  of  boiling  water,  and  precipitated 
from  solution  by  addition  of  salt.  On  addition 
of  hydrochloric  acid  to  the  solution  a  white  waxy 
neutral  substance  separates  (C.  J.  1,248). 

Beeswax  is  partially  soluble  in  alcohol,  and 
ether,  and  completely  soluble  in  chloroform. 
The  soap  formed  by  boiling  with  alcoholic 
potash  is  difficultly  soluble  in  hot  water.  By 
tliese  characteristics  it  may  be  distinguished 
from  other  waxes  (Ph.  [3]  10,  749 ;  abs.  C.  J. 
1880  [2]  763). 

The  non-acid  part  of  beeswax  contains  a  mix- 
ture of  hydrocarbons  and  alcohols.  Among  the 
hydrocarbons  are  C.^jH^,;  and  C^.Hj^ ;  among  the 
alcohols  are  myricyl  C.,|H-,0  and  ceryl  C.,,}i,fi, 
also  C„.H-„,0  and  C,.,H,„d  (?)  (A.  235,  106 ';  abs. 
C.  J.  1887  [2]  124)  {v.  Wax). 

BEET-ROOT.  (Fr.  Bcttcrave;  Ger.  o-othe 
Rube.)  The  root  of  the  beet.  Two  distinct 
species  of  the  genus  Beta  are  cultivated.  B. 
hortcnsis  is  grown  for  its  succulent  leaves ;  B. 
vulgaris  for  its  long  fleshy  root.  The  red 
variety  of  B.  vulgaris  is  used  as  a  vegetable, 
whilst  the  white  variety  is  extensively  cultivated 
as  a  source  of  sugar  {v.  Sugar). 

BEET-ROOT  GUM  v.  Gums. 

BEHENIC  ACID  v.  Patty  acids. 

BELLADONNA.  (Fr.  Bdlcdame.)  The  Atropa 
Belladonna,  or  deadly  nightshade.  A  poisonous 
plant  of  the  SolanacecB  order.  Employed  in 
medicine  as  an  anodyne  etc.,  and  for  dilating 
the  pupil.  The  name  appears  to  have  been  de- 
rived from  the  circumstance  of  its  employment 
in  an  Italian  cosmetic.  Its  physiological  action 
is  due  to  atropine  [v.  VEGETO-AiiKALOiDs). 

BELL-METAL.  An  alloy  of  copper  and  tin 
used  in  the  manufacture  of  bells.  Contains  from 
3  to  4  parts  of  copper  to  1  part  of  tin. 

BELLITE,  An  explosive  prepared  by  mixing 
a  nitrate  with  anitro-  compound  such  as  dinitro- 


benzene,  trinitronaplithalene,  or  nitrotoluene, 
and  then  subjecting  the  mixture  to  a  temperature 
of  from  50°  to  100°C.  (Eng.  Pat.  13,690,  Nov. 
10,  1885  ;  v.  Explosives). 

BELL-METAL  ORE.  A  sulphide  of  copper, 
tin,  and  iron,  with  more  or  less  zinc,  occasionally 
met  with  in  the  Cornish  mines.  Known  also  as 
stawnine.  Composition  :  (a)  From  Huel  Koclc, 
by  Kudsnatch,  (6)  from  Zinnwald,  by  Kammels- 
berg,  (c)  from  St.  Michael's  Mount,  by  Johnston  : 

Cu        Fe       Zu       Pb       Rr  S 

(a)  29-69  12-57    1-79  —    25-81  29-95=  99-81 

(b)  26-31    6-80    G-93  0-41  28-94  29-89=  99-28 

(c)  23-55    4-79  10-11   —    81-62  29-93  =  100-00 

BEN,  OIL  OF.  A  fatty  oil  expressed  from 
tlie  decorticated  nuts  of  Moringa  Nux  Belicn. 
It  is  nearly  colourless  and  odourless,  and  does 
not  readily  oxidise  or  become  rancid.  Formerly 
used  in  perfumery  to  abstract  the  odorous  prin- 
ciples of  plants  and  as  an  embrocation  for 

!  rheumatism.  Contains  in  addition  to  oleic  and 
margaric  acids  two  fatty  a,ciA.&  —  brnomargaric 
acid  C,5H3„0,,  (Walter,  C.  E.  22,  1,143)  m.p.  52°, 
and  bcnostearic  acid  or  belienic  acid  C.,li,fi., 
(Stricke,  A.  64,  346),  m.p.  76°.  Behenic  acid  is" 
found  also  in  the  oil  from  black  mustard  seed 
(Goldschmidt). 

BENGAL  LIGHTS.  These  fires  may  be  made 
by  mixing  potassium  chlorate,  carbon,  antimony 
sulphide,  strontium  nitrate,  &c.,  together  in  suit- 
able proportions,  but  all  such  mixtures  of  potas- 
sium chlorate  and  sulphur  are  dangerous  from 
their  tendency  to  inflame  spontaneously  owing 

I  to  sulphur  frequently  containing  sulphuric  acid. 

I  Clouet  (J.  Ph.  [5]  4,  458)  has  found  from  0-30  to 
2-187  grams  of  sulphuric  acid  in  the  kilogram  of 
sulphur ;  he  recommends  that  it  should  be 
washed.  Saunders  suggests  that  120  grains  of 
potassium  bicarbonate  should  be  added  to  each 
pound  of  sulphur  to  neutralise  the  free  acid. 

A  list  of  coloured  fires  of  various  speeds  in 
burning  will  be  found  in  Cooley's  Encyclopfedia, 
1,  738. 

An  improvement  in  the  manufacture  of 
Bengal  lights  has  been  suggested  by  Chertier 
(W.  J.  24,  464),  who  obtains  a  smokeless  and 
odourless  fire  by  melting  shellac  and  adding  with 
continuous  stirring  the  nitrate.  The  proportions 
given  are,  for  red  fires,  one  part  of  shellac  to  five 
of  strontium  nitrate  ;  for  green,  one  of  shellac  to 
five  of  barium  nitrate ;  and  for  yellow,  one 
shellac  to  three  sodium  nitrate.  They  burn 
slowly  and  are-well  adapted  for  theatres  &c. 

C.  Schmidt  has  patented  (Ger.  Pat.  34,020, 
1885)  the  following  process.  From  one  to  ten 
grams  of  magnesium  dust  are  added  to  100  grams 
of  collodion,  and  three  grams  of  barium  or 
strontium  chloride  are  added.  On  evaporation  of 
the  ether,  thin  plates  are  obtained  which  burn 
with  great  brilliancy. 

Another  formula  recommended  by  a  German 
firm  is,  for  white  fires,  to  fuse  one  part  shellac 
with  six  barium  nitrate,  grind  and  mix  with  2-5 
parts  magnesium  powder.  For  red  fires  five 
parts  strontium  nitrate  is  used  instead  of  the 
barium  nitrate.  These  mixtures  can  be  made 
into  ribbons  or  charged  into  thin  zinc  tubes  so  as 
to  make  torches  (D.  P.  J.  256,  518). 

BENGALIN  v.  Ini>uun. 
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BENZAX  CHLOBIDE.  Bemylidene  chloride, 
Bcmidene  chloride,  v.  Toluenb,  chlobine  de- 

nn'ATIVES  OF. 

BENZALDEHYDE  C,H.O  =  C.Hj.CHO.  Beji- 

zoic  aldehyde.  Benzoyl  hydride.  EUiercal, 
or  volatile,  or  essential  oil  of  bitter  almonds. 
Essence  of  bitter  almonds.  (Aldehyde  benzo'ique, 
Fr. ;  Benzaldehyd,  Ger.)  Mortrd's  showed,  in 
1803,  that,  in  addition  to  the  fatty  oil,  a  volatile 
oil  could  be  obtained  from  bitter  almonds  ;  but 
pure  benzaldehyde  was  first  isolated,  its  compo- 
sition determined,  and  its  reactions  studied,  by 
Liebig  and  Wohler  in  1837  (A.  22,  1).  Benzalde- 
hyde is  not  contained,  as  such,  in  bitter  almonds  : 
it  is  produced  by  the  action  of  a  soluble  ferment, 
emulsin  (also  termed  synaptase),  present  in  the 
almond,  on  amygdalin  CooILjNO,,.  In  this 
fermentation,  which  occurs  when  the  bruised 
almonds  are  mixed  with  cold  water,  the  amyg- 
dalin is  hydrolysed,  yielding  benzaldehyde,  to- 
gether with  hydrocyanic  acid  and  glucose  : 
C,„H,,NO„  +  2H.D  =  C;H,0  +  HON  +  2C„H,,0<,. 
If  boiling  water  is  used,  the  ferment  is  de- 
stroyed and  the  reaction  does  not  take  place. 
Peach  kernels  and  other  kernels  of  stone  fruits 
containing  amygdalin  also  yield  benzaldehyde. 
It  occurs,  ready  formed,  in  the  leaves  of  the 
cherry  laurel  (Prunus  laiirocerasus),  of  the  bird 
cherry  {Prunus  Padiis),  and  of  the  peach 
(Amygdalus  2Krsica). 

Preparation. — 1.  Fro7n  bitter  almonds.  The 
bitter  almonds  (or  more  rarely,  peach  kernels) 
arc  ground  and  tlicn  cold-pressed,  to  extract  the 
fatty  oil.  The  press-cake  is  made  into  a  thin 
cream  with  cold  water,  introduced  into  a  still, 
allowed  to  stand  for  24  hours,  and  then  distilled 
either  by  blowing  in  superheated  steam,  or, 
less  advantageously,  over  a  fire,  in  which  case 
mechanical  stirring  must  be  employed  to  prevent 
the  charring  of  the  vegetable  matter.  The 
distillation  is  continued  as  long  as  the  distillate 
appears  milky.  Most  of  the  crude  benzaldehyde 
separates  as  an  oily  layer  under  the  aqueous 
distillate ;  some,  however,  remains  in  solution 
and  may  be  recovered  by  distilling  the  aqueous 
liquid,  when  the  benzaldehyde  passes  over  with 
the  earlier  portions. 

Michael  Pettenkofer  (A.  122,  77)  modifies 
the  foregoing  process  as  follows: — 12  parts  of 
the  coarsely  powdered  press-cake  are  added  to 
100-120  parts  of  boiling  water,  stirring  during 
the  process,  and  the  mixture  is  kept  boiling  for 
about  half  an  hour.  In  this  way  all  the  amyg- 
dalin is  obtained  in  solution.  The  liquid  is 
then  allowed  to  cool;  1  part  of  ground  bitter 
almonds,  suspended  in  G-7  parts  of  cold  water, 
is  added,  and  after  standing  for  12  hours  the 
whole  is  slowly  distilled.  According  to  Petten- 
kofer, the  maximum  yield  of  benzaldehyde  is 
thus  obtained,  no  amygdalin  remaining  unde- 
coraposed.  Pelz,  however,  states  (J.  1864,  G54) 
that  the  yield  of  benzaldehyde  in  this  process 
is  no  greater  than  is  obtained  by  macerating 
merely  the  above-mentioned  1  part  of  ground 
bitlorahnonds  with  cold  water  and  then  distilling. 

The  oil  prepared  by  either  of  these  methods 
contains  hydrocyanic  acid,  from  which  it  may 
be  freed  by  fractional  distillation,  the  hydro- 
cyanic acid  coming  over  with  the  first  part  of 
(lie  distillate.  The  hydrocyanic  acid  may  also 
be  removed  without  distillation  by  shaking  the 


oil  with  a  mixture  of  milk  of  lime  and  ferrous 
sulphate  (Liebig  and  Wohler).  The  purest 
benzaldehyde  is  obtained  by  shaking  the  crude 
product  with  3-4  times  its  volume  of  a  concen- 
trated solution  of  sodium  bisulphite,  washing 
the  crystals  of  the  double  compound 

(C.U,0,NaHSOJ,Jl,0 
with  alcohol,  recrystalhsiug  thciu  from  water 
and  distilling  them  with  a  solution  of  sodium 
carbonate  (Bertagnini,  A.  85,  183 ;  Miiller  and 
Limpricht,  A.  Ill,  130). 

2.  From  toluene.  At  the  present  day  benz- 
aldehyde is  generally  prepared  artificially  from 
chlorinated  derivatives  of  toluene.  The  follow- 
ing are  the  chief  processes  that  have  been  pro- 
posed : 

Lauth  and  Grimaux  (Bl.  [2]  7,  105)  boil 
1  part  of  benzyl  chloride  GjHj.CHXl,  Ih  parts  of 
lead  nitrate  (or  copper  nitrate),  and  10  parts  of 
■water  with  a  reflux  condenser  for  several  hours, 
passing  a  current  of  carbon  dioxide  through  the 
apparatus  to  prevent  oxidation.  Half  the  liquid 
is  then  distUled  off,  and  the  oil,  wliich  separates 
in  the  distillate,  is  rectified.  The  product, 
which  consists  mainly  of  benzaldehyde,  may  be 
further  purified  by  converting  it  into  the  bisul- 
phite compound. 

H.  Schmidt  (G.  P.  20,909;  S.  C.  I.  1883, 
274)  chlorinates  boiling  toluene  until  it  attains 
a  sp.gr.  of  1'175,  when  it  consists  essentially  of 
a  mixture  of  2  mols.  of  benzyl  chloride  with 
1  mol.  of  benzal  chloride.  This  product  is 
boiled  with  six  times  its  volume  of  water  and  a 
quantity  of  powdered  black  oxide  of  manganese 
containing  two  atoms  of  available  oxygen  to  the 
above  molecular  proportion.  The  reaction  is 
supposed  to  take  place  according  to  the  equation 
2C,Hj.CH.Cl  -f  C^Hj-CHCL.  -^  2MnO„ 
=  3CX-CH0  +  2MnCL-H  H.O. 
The  product  is  steam-distilled,  and  the  aldehyde 
purified  in  the  usual  way.  A  mixture  of  benzyl 
bromide  and  benzal  bromide  may  be  substituted 
for  the  chlorine  compounds. 

Another  method  now  generally  employed 
consists  in  heating  benzal  chloride  with  milk  of 
lime  under  pressure. 

o.n..cHci, + cn(on),= c.n,.cno + Gici, + h,o. 
According  to  Espenschied  (G.  P.  47,187)  the 
reaction  takes  place  under  ordinary  pressures  if 
insoluble  substances  such  as  chalk  or  barium 
sulphate  are  added  along  with  the  milk  of  lime, 
so  as  to  produce  on  emulsion  of  the  benzal 
chloride. 

E.  Jacobsen  (G.  P.  11,494  and  18,127;  B. 
13,  2,013,  and  14,  1,425)  heats  benzal  chloride 
with  an  organic  acid  (or  an  ethereal  salt  of  an 
organic  acid)  and  a  metallic  chloride,  oxide,  or 
sulphide.  Thus  benzal  chloride,  when  heated 
on  the  water-bath  with  acetic  acid  and  a  little 
zinc  chloride,  yields  benzaldehyde,  acetyl  chlor- 
ide, and  hydrochloric  acid 

c„ii,.ciici,+cn,,co.H=c.n..OHO+CH,.coci-Hnci. 
The  acetyl  chloride,  owing  to  its  much  lower 
boiling-point,  may  be  readily  removed  from  the 
benzaldehyde  by  distillation. 

Other  modes  of  formation. — Benzaldehyde  is 
also  foi-med  in  the  following  reactions,  which, 
however,  are  not  of  practical  importance.  By 
distilling  a  mixture  of  calcium  benzoatc  and  cal- 
cium formate  (Piria,  A.  100,  105) ;  by  the  oxida- 
tion of  benzyl  alcohol  (Cannizzaro,  A.  Ch.  [3J 
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40,  234),  or  of  cinnamie  acid  (Dumas  and  Peligot, 
A.  14,  50) ;  by  the  reduction  of  benzoic  acid,  either 
with  sodium  amalgam  in  acid  solution  (Kolbe, 

A.  118,  122),  or  by  passing  its  vapour  over 
heated  zinc-dust  (Baeyer,  A.  140,  29G)  ;  by 
treating  toluene  with  chromyl  chloride  and  then 
with  water  (fitard,  A.  Ch.  [5]  22,  225). 

Properties. — Benzaldehyde  is  a  colourless, 
strongly  refractive  liquid  with  a  pleasant  aro- 
matic odour,  boiling  at  179-180'.  Sp.gr. 
1-0504 Y'  (Mendel6efl',  J.  18C0,  7).  It  is  soluble  in 
300  parts  of  water,  and  miscible  in  all  propor- 
tions with  alcohol  and  ether.  It  is  non-jioisonous, 
the  poisonous  properties  of  ordinary  oil  of  bitter 
almonds  being  due  to  thepresence  of  hydrocyanic 
acid. 

Reactions. — Benzaldehyde  readily  undergoes 
oxidation :  thus  it  absorbs  oxygen  from  the  air, 
forming  benzoic  acid.  The  presence  of  hydro- 
cyanic acid  protects  it  from  oxidation  ;  according 
to  Dusart  (Bl.  8,  459),  it  is  therefore  usual  to  add 
hydrocyanic  acid  to  artificial  benzaldehyde. 
Taken  internally,  benzaldehyde  is  oxidised  in 
the  organism,  reappearing  in  the  urine  as  hip- 
puric  acid.  Aqueous  caustic  potash  converts  it 
into  benzoic  acid  and  benzyl  alcohol 
20,  H,.CHO  +  KOH  =  C„H,.CO,K  +  C,H,.CH,OH. 
It  fonns  crystalline  compounds  with  the  hisul- 
phites  of  the  alkali  metals  :  thus 

(C,H,0,NaHS03)JI,0. 
Under  the  influence  of  dehydrating  agents  it 
readily  undergoes  condensation  with  various 
other  substances  :  thus  when  heated  with  acetic 
anhydride  and  dry  sodium  acetate  it  yields  cin- 
namie acid 

C,,H5.CH0+CH3.C0,n=C3Tl5.CII :  CIT.CO^H  +  n,0 
(Perkin,  C.  J.  31,  389),  and  with  diinethylanilinc 
in  presence  of  zinc  chloride  it  forms  the  com- 
pound C,H3.CH(C,H,.NMe,.),,  the  leuco-base  of 
benzaldehyde  green,  which  by  oxidation  is  con- 
verted into  that  colouring  matter  (0.  Fischer, 

B.  11,  950). 

Uses. — Benzaldehyde  is  employed  in  the 
manufacture  of  benzaldehyde  green  and  similar 
colouring  matters.  Formerly  artificial  cinnamie 
acid  was  prepared  from  it,  but  is  now  obtained 
direct  from  benzal  chloride.  Essence  of  bitter 
almonds  is  used  as  a  flavouring  ingredient  by 
cooks  and  confectioners,  and  also  in  perfumery. 

Impurities  and  adulterations. — Benzaldehyde 
very  frequently  contains  hydrocyanic  acid, 
either  originally  present  or  subsequently  added 
(v.  supra),  and  benzoic  acid,  formed  by  spon- 
taneous oxidation.  The  artificial  product  gene- 
rally contains  chlorinated  benzaklehydes.  Alco- 
hol, ethereal  oils,  and  nitrobenzene  are  some- 
times fraudulently  added ;  the  latter  substance 
resembles  benzaldehyde  in  smell. 

In  order  to  test  the  purity  of  a  sample  of 
benzaldehyde  the  sxJ.gr.  and  boiling-point  should 
first  be  determined,  as  both  of  these  are  altered 
by  the  presence  of  impurities.  The  substance 
should  also  dissolve  without  residue  in  a  solution 
of  sodium  bisulphite. 

Of  the  impurities  above  mentioned,  hydro- 
cyanic acid  may  be  detected  by  distiUing  the 
oil  and  then  testing  the  first  portions  of  the 
distillate  by  the  Prussian-blue  test ;  chlorine 
compounds,  by  heating  the  oU  with  metallic 
sodium,  when  sodium  chloride  will  be  formed, 
in  which  the  chlorine  can  be  detected  by  silver 


nitrate,  taking  care,  however,  to  distinguish 
between  silver  chloride  and  silver  cyanide,  as 
this  latter  will  be  formed  if  hydrocyanic  acid  or 
nitrobenzene  is  present ;  alcohol,  by  the  iodo- 
form test ;  and  ethereal  oils  or  nitrobenzene,  by 
dissolving  the  sample  in  sodium  bisulphite, 
when  these  admixtures  remain  behind.  Bourgoin 
(B.  5,  293)  tests  for  nitrobenzene  in  benzalde- 
hyde by  mixing  the  sample  with  twice  its  volume 
of  caustic  potash :  if  nitrobenzene  is  present 
the  mixture  turns  green,  and  on  adding  water 
the  liquid  forms  two  layers,  of  which  the  under 
layer  is  yellow  and  the  upper  green,  this  latter 
turning  red  on  standing  for  some  hours. 

Substitution  derivatives  of  benzaldehyde. 
None  of  the  substitution  derivatives  of  benzal- 
dehyde are  of  technical  importance.  Orthonitro- 
benzaldehyde  C,Hj(NO,)CHO  (1,  2)  is  of  interest, 
since  it  yields  indigotin  when  treated  with 
acetone  and  caustic  soda  (Baeyer,  B.  15,  2,850). 
Tlie  discovery  of  a  process  by  which  orthonitro- 
benzaldehyde  could  be  readily  obtained  from  or- 
thonitrotoluene  would  bring  the  problem  of  the 
economical  production  of  artificial  indigo  con- 
siderably nearer  to  solution.  Unfortunately,  the 
reactions  by  which  toluene  is  converted  into 
benzaldehyde  fail  when  applied  to  orthonitro- 
toluene,  and  at  present  orthonitrobenzaldehyde 
is  prepared  by  the  costly  process  of  oxidising 
orthonitrocinnamic  acid. 

Processes  for  preparing  chlor-  and  brombenz- 
aldehydes  have  been  patented.  These  com- 
pounds may  be  used  in  the  preparation  of  chlor- 
inated or  brominated  benzaldehyde  greens ;  or 
the  nitro-group  may  be  readily  introduced  in  the 
ortho-  ijosition  to  the  aldehyde  group,  and  the 
resulting  halogennitrobenzaldehydes  converted 
by  treatment  with  acetone  and  caustic  soda  into 
chlorinated  or  brominated  indigotins.  None  of 
these  colouring  matters  are  manufactured. 

F.  E.  J. 

BENZALDEHYDE  GKEEN  v.  TEirnENYL- 

aiEiriANE  COLOUEING  MATTERS. 

BENZAURINE  v.  Aueine. 
BENZENE  AND  ITS  HOMOLOGUES. 

Benzene.  (Benzol,  Benzole,  Fr. ;  Benzol,  Ger.) 
The  name  of  this  substance  was  derived  in  its 
original  form  from  that  of  gum  benzoin,  pro- 
bably as  benzoin  oleum,  hence  benzole,  which 
latter  form  is  stiU  in  use  amongst  nearly  all 
distillers  and  users  of  it  both  in  this  country  and 
on  the  Continent.  In  more  strictly  scientific 
literature,  however,  the  name  benzene  has  now 
become  generally  accepted,  and  the  systematic 
termination  ene  is  employed  in  the  names  of  its 
various  homologues,  as  toluene,  xylene,  cymene, 
&c. 

Pure  benzene  is  a  limpid,  colourless,  highly 
refracting  liquid  at  ordinary  temperatures.  Its 
sp.gr.  at  0°  is  0-8991  (Kopp),  0-90023  (Adrieenz), 
and  at  15°  0-8841  (Mendeleeff). 

Its  refraction  index  for  the  D  line  at  15°-2  is 
1-4957  (Adrieenz),  at  9°  1-4593  for  A,  1-5050  for 
D,  1-5037  for  H  (Gladstone). 

When  surrounded  by  ice  it  becomes  solid, 
and  if  crystallisation  is  allowed  to  take  place 
slowly,  rhombic  crystals  are  produced,  whose 
axes  a,  h,  c,  are  0-891,  1,  0-799  (Groth).  The 
solid  melts  at  4-45  (Eegnault),  at  5-5  accord- 
ing to  Mansfield,  at  7"  according  to  Mitscher- 
lich,  who  used  that  from  natural  benzoic  acid. 
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Faratlaj  found  that  it  expands  y'j  of  its  bulk 
on  solidification,  which,  though  the  melting- 
point  is  so  high,  never  seems  to  occur  above  0^. 

It  exhibits  no  absorption  lines  or  bands  in 
the  visible  portion  of  the  spectrum.  Beyond 
n,  however,  photographs  show  a  series  of 
four  bands  covering  the  region  lying  between 
W.  L.  3,171  and  2,1'JO  tenth-metres.  The  methyl- 
ated benzenes,  toluene,  and  the  three  xylenes 
exhibit  a  very  similar  absorption,  requiring  in- 
deed very  careful  measurement  to  distinguish 
one  from  the  other  (Hartley,  C.  S.  J.  47,  685). 

Benzene  is  an  excellent  solvent,  easily  dis- 
solving caoutchouc  and  asplialtum,  if  they  have 
not  been  exposed  to  light,  tliou.',b  the  protective 
effect  of  the  light  on  the  asphaltum  is  but  slight, 
and  prolonged  treatment  with  benzene  causes 
it  to  dissolve.  Nearly  all  the  gum  resins,  sul- 
phur, phosphorus,  fats,  oils,  most  of  the  natural 
alkaloids,  and  many  other  organic  compounds 
are  soluble  in  it.  It  has  also,  in  common  with 
carbon  disulphide,  the  property  of  dissolving 
iodine  with  production  of  a  violet  solution. 

Benzene  is  itself  soluble  to  a  very  slight  extent 
in  water,  considerably  more  so  in  alcohol,  whilst 
ether,  glacial  acetic  acid,  and  carbon  bisul- 
phide, dissolve  it  readily.  It  also  dissolves  in 
concentrated  sulphuric  acid,  producing  a  crystal- 
line molecular  compound  corresponding  to  one 
of  the  hydrates,  but  extremely  unstable.  Certain 
compounds  are  known  which  crystallise  with 
benzene  in  definite  molecular  jjroportions. 

Benzene  boils  under  normal  pressure  at 
80-30°  (Regnault).  For  benzene  from  coal-tar 
Adrieenz  found  80-53  to  80-62;  and  for  that 
obtained  from  benzoic  acid  prepared  from  gum 
benzoin,  80-60  to  80-67. 

The  vapour  when  inhaled  produces  giddiness 
and  ultimately  insensibility. 

Benzene  forms  with  picric  acid  the  molecular 
compound  C.H.INO.JaOH.CeH^  which  melts  with 
decomposition  at  90°. 

Oxidising  agents,  such  as  potassium  per- 
manganate or  m.angancse  dioxide  and  sulphuric 
acid  convert  it  into  formic,  propionic,  and  oxalic 
acids  together  with  small  quantities  of  benzoic 
and  plitliiilic  acids,  the  latter  substances  being 
produced  by  the  simultaneous  oxidation  of  formic 
acid  and  benzene,  the  process  of  condensation 
resembling  that  occurring  in  the  conversion  of 
dimethylaniliiio  into  methyl  violet.  When 
strongly  heated  in  sealed  tubes  or  when  passed 
slowly  through  strongly  heated  open  tubes,  con- 
densation and  decomposition  go  on  together, 
acetylene,  diphcnyl,  diphenylbenzene,  Ac,  being 
formed  with  evolution  of  hydrogen  anddeposition 
of  carbon. 

There  can  be  little  doubt  that  toluene  and 
xylenes  can  also  be  produced  in  this  way,  and 
since  Berthelot  has  shown  that  toluene  and 
xylene  when  passed  through  strongly  healed 
tubes  can  produce  antliracene  and  naphthalene, 
and  since  he  also  obtained  anthraeone  by  so 
treating  a  mixture  of  benzene  and  ethylene,  we 
may  assume  that  if  benzene  is  7iot  the  mother 
substance  of  the  whole  series  of  hydrocarbons 
obtained  from  coal  tar,  it  is  yet  capable  under 
proper  conditions  of  generating  all  the  others. 

When  chlorine  acts  upon  pure  benzene  in 
sunshine,  benzene  hexachloride  C„H,C1^  is 
formed.   Impure  benzene  is  said  not  to  undergo 


this  change.  The  substitution  of  chlorine  for 
hydrogen  in  the  nucleus  or  benzene  ring  is  a 
very  slow  operation  if  chlorine  alone  is  used,  but 
if  in  every  litre  of  benzene  about  10  grams  of 
iodine  are  dissolved  and  the  liquid  kept  boiling 
while  a  brisk  current  of  clilorine  is  passed  into 
it,  substitution  readily  takes  place  and  chlorinated 
benzenes  are  produced.  Tlie  reaction  may  be 
continued  until  tlie  whole  of  the  hydrogen  is  re- 
placed with  production  of  hexachlorbenzene 
C^Cl,.  From  tlie  nature  of  the  reaction  it  need 
I  scarcely  be  pointed  out  that  there  is  no  pos- 
sibility of  obtaining  exact  replacements,  and  that 
until  the  whole  of  the  hydrogen  has  gone,  a 
mixture  of  benzene  and  chlorinated  benzenes 
is  present.  Corresponding  bromine  and  iodine 
compounds,  and  at  least  one  fluorine  compound, 
are  known. 

When  subjected  to  the  action  of  strong  nitric 
acid  or  a  mixture  of  nitric  and  sulphuric  acids, 
substitution  of  hydrogen  by  KOj  takes  place  with 
great  ease.  If  the  mixture  is  kept  cool  only 
mononitrobenzene  is  formed,  but  if  heated, 
the  three  dinitrobenzenes  are  produced,  the 
metadinitro-  product  (m.p.  8'J°)  always  greatly 
predominating.  The  ortho-  and  para-  compounds 
can  only  be  produced  in  quantity  by  indirect 
methods.  Trinitrobenzenes  can  only  be 
obtained  by  the  action  of  a  great  excess  of  a 
mixture  of  nitric  acid  and  fuming  sulphuric  acid. 

All  the  nitro-  compounds  on  reduction  with 
appropriate  reagents,  such  as  iron,  zinc,  or  tin, 
in  the  presence  of  acid,  preferably  hydrochloric 
and  water,  j-ield  amido-  compounds  correspond- 
ing with  the  nitro- compound  reduced.  Such 
are  aniline  CH^NH.,  the  three  diamido-ben- 
zenes  or  phenylene-diamines  C^-H,NIiJ^Hj 
&c. 

The  amido-  compounds  are  by  the  action  of 
nitrous  acid  or  nitrites  in  the  presence  of  an  excess 
of  acid,  preferably  hydrochloric,  converted  into  di- 
azo-  compounds.  If  diazobenzene  C^jN:NC„Hj 
be  dissolved  in  absolute  alcohol,  a  current  of  dry 
hydrochloric  acid  passed  through  the  solution 
and  the  whole  heated,  the  nitrogen  is  evolved  aa 
gas  whilst  benzene  is  regenerated.  If  a  diazo- 
salt  is  dissolved  in  water  and  boiled  in  the 
presence  of  an  acid,  nitrogen  is  also  evolved  and 
the  corresponding  phenol  is  produced. 

The  diazo-  compounds  react  with  salts  of 
amido-  compounds  or  of  phenols  in  which  there 
is  a  free  para-  position,  thus  generating  the 
almost  innumerable  series  of  colouring  matters 
known  as  azo-dj-es  {v.  page  234).  Solutions  cooled 
with  ice  should  bo  employed,  and  all  rise  of  tem- 
perature must  be  carefully  avoided.  Under 
proper  conditions  some  diazo-  compounds,  how- 
ever, attack  the  am i</o- group  of  amido- com- 
pounds, forming  diazoamido-  compounds  such  as 
diazoaniido-benzene  C5H^.N:N.N.C,.Hi.  These 
can  be  made  to  undergo  an  isomeric  change 
resulting  in  the  formation  of  what  are  known 
as  amidoazo-  compounds,  of  which  amidoazo- 
benzene  C^H^N:N.C„H|NH._,  is  a  typical  example. 
Such  bodies,  when  treated  with  a  reducing  agent, 
split  up  into  an  amine-  and  a  paradiamine, 
while  diazo-  compounds  yield  hydrazines  only, 
and  diazoamido-  compounds  a  mixture  of  a 
hydrazine  and  an  amine. 

If  the  nitro-  compounds  are  submitted  to  the 
action  of  alkaUnc  reducing  agents  in  alcoholic 
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solution,  such  as  a  mixture  of  zinc-dust  and 
alcoholic  soda,  the  reaction  takes  a  different 
course  altogether.  The  action  of  alcoholic  soda 
and  heat  alone  will  convert  mononitrobenzene 
into    azoxybenzene  C^H,.N — N.C„H, ;   this,  by 

nascent  hydrogen,  is  converted  into  azobenzene 
C,.H^N:NCsH5,  which  under  the  action  of  the 
same  reagent  is  still  further  reduced  to  hydro- 
nzobenzene  CeH,.NH.NH.C,H,.  The  latter,  when 
boiled  with  an  acid,  is  converted  into  a  salt  of 
benzidine  (paradiamidodiphenyl) 

NH,.C,H,.C,H,.NH, 
which  is  a  strongly  basic  compound  isomeric 
with  hydrazobenzene. 

When  heated  with  concentrated  sulphuric 
acid  or  treated  in  the  cold  with  solutions  of  SO3 
in  H^,SO,|  sulplionic  acids  are  i^roduced  by  sub- 
stitution of  H8O3  for  hydrogen.  These  are  either 
mono-,  di-,  or  poly-  sulphonic  acids,  according  to 
the  treatment  adopted.  They  are  all  powerful 
acids,  and  form  well-defined  and  generally  well- 
crystallised  salts  with  sodium,  potassium,  and 
ammonium,  and  equally  definite,  though  less 
easily  crystallised  salts  with  calcium,  barium, 
copper,  iron,  &o.  These,  especially  the  sodium 
or  potassium  salts,  if  fused  with  caustic  potash 
or  soda,  or  heated  under  great  pressure  (4.0 
atmospheres)  with  aqueous  soda  or  potash,  are 
decomposed  with  production  of  a  sulphite  of  the 
alkali  metal,  and  conversion  of  the  benzene 
residue  into  the  corresponding  hydroxy-  or 
phenolic  compound. 

Only  the  methyl-homologues  of  benzene  will 
be  considered  here,  as  these  alone  occur  in  coal-tar. 

The  mono-methyl  derivative  is  known  as 
toluene,  and  under  all  treatments  behaves  as  a 
completely  homogeneous  substance. 

The  di-methyl-derivative  is  known  as  xylene, 
the  substance  of  that  name  occurring  in  coal- 
tar,  and  can  be  readily  split  up  into  three  different 
isomeric  compounds :  Orthoxijlcne  boiling  at 
l-il°-142°,  which  when  gently  oxidised  with  weak 
nitric  acid  gives  a  toluic  acid  melting  at  102° ; 
Mefa.Tijlene  boiling  at  139°,  which  gives  a  toluic 
acid  melting  at  10(1° ;  Paraxijleno  melting  at 
1.5°  and  boiling  at  138°,  giving  a  toluic  acid 
melting  at  178°. 

Each  of  these  different  xylenes  is,  however, 
absolutely  identical  in  percentage  composition, 
and  this  isomerism  is  considered  to  be  due  to 
the  configuration  of  the  molecule,  or  in  other 
words  to  the  positions  in  space  occupied  rela- 
tively to  each  other,  and  to  the  benzene  residue, 
by  the  two  substituting  molecules. 

This  method  of  regarding  the  constitution  of 
Ijenzene  and  its  innumerable  series  of  deriva- 
tives is  usually,  for  purposes  of  discussion,  in- 
vestigation, or  explanation,  represented  by  draw- 
ing a  hexagon  to  represent  the  molecule  of 


benzene,  the  six  angles  re^jresenting  the  six 
groups  of  CH  at  any  of  which  substitution  is 
supposed  to  take  place.  Since  only  one  mono- 
substitution  compound  of  a  given  kind  {i.e.  con- 
taining a  given  substituting  group)  is  known,  all 
the  six  CH-groups  in  benzene  are  supposed  to  be 


of  equal  value.  The  fact  that  disubstitution 
compounds  exist  in  three  distinct  isomeric  modi- 
fications (compare  the  above-mentioned  xylenes) 
is  explained  in  this  scheme  by  the  following 
suppositions  as  to  the  relative  positions  occ«iiicd 
by  the  substituting  groups.  First,  substitution  is 
supposed  to  take  place  at  two  adjacent  angles, 
e.g.  1  and  2,  2  and  3,  4  and  5,  etc.,  in  which 
case  the  word  or/7io  is  prefixed  to  the  name  of 
the  substance,  as  orthodimethyl-benzene  (com- 
monly called  orthoxylene),  or  orthodichlor-, 
orthodibrom-,  or  orthodiamido-benzene,  etc.  Or 
the  substitution  is  supposed  to  take  place  at  two 
angles  not  adjacent,  but  with  one  interposing, 
as  at  1  and  3,  2  and  4,  or  1  and  .5,  &c.  In 
this  case  the  product  is  indicated  by  the  prefix 
meta-,as  metadimethylbenzene  (commonly  called 
metaxylene)  &c.  Lastly,  the  substitution  is 
supposed  to  take  place  at  opposite  angles,  such 
as  1  and  4,  2  and  5,  3  and  C,  etc.  In  such  a  case 
the  substance  is  known  as  a  para-  compound,  as 
paradimethylbenzene,  orparaxylene,  paradinitro- 
benzene,  etc. 

This  device  is  due  to  Kckule,  and  satisfac- 
torily agrees  with  most  of  the  ijhenomena. 

Latterly,  to  cover  certain  cases  which  could 
not  be  readily  brought  into  line  with  it,  attempts 
to  introduce  an  improved  formula  have  been 
made  by  Ladenburg,  Van  't  Hoff,  and  Le  Bel 
and  others,  with  more  or  less  success. 

Toluene  and  xylene  generally  react  under 
similar  conditions  in  the  same  way  as  benzene, 
producing  a  similar  series  of  compounds.  Since, 
however,  toluene  itself  is  a  mono-substituted 
benzene,  mono-substituted  toluenes  are,  cjiul 
benzene,  di-derivatives.  For  instance,  there  is 
but  one  mononitrobenzene,  but  there  are  three 
mononitrotoluenes.  There  are  three  dinitro-  and 
three  diamidobenzenes,  but  there  are  six  di- 
nitrotoluenes  and  six  diamidotoluenes,  and  so  on. 

It  is  to  be  borne  in  mind  that  in  all  substi- 
tution derivatives  higher  than  the  di-substitution 
scries,  the  number  of  possible  modifications  is 
greater  when  the  substituting  groups  are  dis- 
similar than  when  they  are  all  alike :  thus,  al- 
though there  are  only  three  isomeric  tri-substi- 
tution  compounds  of  the  formula  C.I-I^X'.,  or 
C  HjY'j,  there  are  six  such  compounds  of  the 
formula  C,H:,X',Y'. 

It  follows  that  the  xylenes  being  di-deriva- 
tives, their  mono-  are,  quel  benzene,  tri-  deriva- 
tives, and  consequently  correspond  in  number 
with  the  di-derivatives  of  toluene. 

The  introduction  of  the  methyl  group,  more- 
over, permits  of  another  kind  of  substitution 
which  gives  rise  to  a  totally  different  class  of 
bodies  from  those  described  above  as  configura- 
tional  isomers,  in  which  substitution  takes  jslace 
not  in  the  benzene  nucleus,  but  in  the  methyl 
group  itself.  Such  substitution  is  said  to  be 
extra-nuclear. 

Thus,  as  mentioned  above,  there  are  three 
sulistances  having  the  formula  C,H,„  known  as 
ortho-,  meta-,  or  para-  xylene.  These  isomers 
are  reijresented  as  dimethylbenzenes  of  the  fol- 
lowing configurations. 


CH, 


cn,, 


CH,, 


CH3 
/\ 
I  I 
\/ 

CH, 
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but  there  is  another  C(|H„  only  known  to  occur 
in  one  form,  and  always  behaving  as  a  mono- 
derivative  of  benzene;  this  isethylbenzene. 

CH.CHj 


Jnst  as  in  this  case  a  methyl  group  has  been 
intro'luced  into  the  methyl  instead  of  into  the 
nucleus,  so  chlorine,  bromine,  &c.,  may  be  in- 
troduced, and  in  this  manner  such  bodies  as 
benzyl  chloride  C,iH.CHoCl,  the  di-  or  tri-  chloride, 
benzaklehydc,  and  many  others  are  formed. 

The  physical  properties  of  toluene  greatly 
resemble  those  of  benzene.  As  solvents,  there 
is  little  or  no  difference  in  their  powers,  and 
though  the  boiling-point  of  toluene  is  so  much 
higher  than  that  of  benzene,  yet  in  a  current  of 
air  at  ordinary  temperatures  it  evaporates  nearly 
as  quickly. 

Toluene  is  a  colourless  limpid  liquid  which 
shows  no  signs  of  solidification  at  temperatures 
as  low  as  —  20°.  Its  specific  gravity  is  less  than 
that  of  benzene,  being  at  0°  0-882,  at  15°  0-872, 
its  index  of  refraction  at  25-5  is  for  A  1-4709, 
D  1-479-1,  H  1-5090  (Gladstone  and  Dale). 

Toluene  boils  constantly  at  111° ;  the  vapour 
has  much  the  same  physiological  effects  as  that 
of  benzene,  but  its  odour  is  decidedly  less  plea- 
sant. If  ingested  into  the  stomach,  it  is  elimi- 
nated in  the  urine  as  hippuric  acid. 

Of  the  three  xylenes  only  the  meta-  has 
hitherto  proved  useful  in  commerce.  Orthoxy- 
lene  boils  at  141-2°.  Metaxylene  boils  at  139°, 
and  its  specific  gravity  is  0-8668  at  19°.  Para- 
xj'lene  boils  at  138",  and  at  19°  its  gravity  is 
0-8621.  The  two  former  are  liquid  at  all  tem- 
peratures down  to  at  least  —  20°,  but  paraxylene 
becomes  solid  when  exposed  to  a  freezing  mix- 
ture, and  when  once  frozen  it  only  melts  at  15°. 

The  xylenes  are  distinctly  less  volatile  than 
toluene  and  benzene  in  an  air  current.  The 
smell  of  the  vapours  is  unpleasant  and  pungent, 
and  they  possess  the  power  of  producing  un- 
consciousness when  inhaled. 

Both  benzene  and  toluene  when  i^repared 
from  coal  tar  are  accompanied  by  sulphur  com- 
pounds known  as  thiophencs.  That  derived  from 
benzene,  no  doubt  by  the  action  of  sulphur  from 
the  pyrites  of  coal  at  a  high  temperature  during 
distillation  in  the  gas-retort,  is  represented  by 

the  formula  C^H.S 

It  was  isolated  in  1882  by  V.  Jleyer,  who 
obtained  by  constant  and  repeated  agitation 
with  sulphuric  acid  about  2  kilos,  from  2,000 
kilos,  of  commercial  benzene.  It  is  a  colourless 
liquid,  boiling  constantly  at  84°;  specific  gravity 
at  15°  1-100.  In  many  of  its  reactions  it  behaves 
exactly  like  benzene. 

Thiotolene,  corresponding  to  toluene,  i.e.  be- 
ing methylthiophene,  is  also  known.  It  boils  at 
113°,  sp.gr.  1-0194.  The  very  minute  quantity  in 
which  these  bodies  occur  renders  them  of  no 
industrial  importance,  even  as  impurities. 

Benzene  was  first  isolated  by  Faraday  in  1825 
together  with  butylene  from  the  liquid  condensed 
in  the  preparation  of  lighting  gas  from  whale-oil 
and  othor  fixed  oils  and  fats  as  carried  out  in 


London  at  that  time.  This  process  consisted  in 
causing  oils  to  fall  drop  by  drop  into  retorts 
made  of  curved  cast-iron  tubes  heated  to  a  bright 
red  heat.  The  gas  produced  was  washed  in 
water  and  immediately  compressed  into  small 
iron  vessels,  which  were  sent  out  to  consumers. 
The  process  was  invented  and  perfected  by 
Messrs.  P.  &  J.  Taylor  between  the  years  181G 
and  1819.  They  found  tliat  1  gallon  of  whale- 
oil  gave  them  90  cubic  feet  of  gas;  Accum,  who 
also  experimented  with  their  process,  obtaining 
105  feet. 

The  process  was  probably  not  in  any  way 
altered  when  Faraday  worked  on  the  '  oil '  found 
in  the  cylinders  in  which  the  gas  had  been  com- 
pressed. About  1  gallon  of  this  oil  was  yielded 
by  1,000  feet  of  gas.  After  removing  the  butyl- 
ene a  mixture  was  left  which  did  not  boil  below 
85-5°.  This  was  cooled  to  —18°,  when  benzene 
crystallised  out  (Faraday,  T.  182.5,  440).  The 
crystals  were  separated  by  draining,  pressing 
on  filter-paper,  refusion,  resolidification,  and 
hydraulic  pressing,  from  an  oil  which  was  not 
very  carefully  examined,  and  to  which  a  doubt- 
ful formula  was  assigned,  but  which  was  pro- 
bably a  mixture  of  the  higher  homologues  of 
benzene. 

It  is  unnecessary  here  to  describe  the  pro- 
cesses by  which  Mitscherlich,  D'Arcet,  Kopp, 
and  many  others  obtained  benzene,  as  the  first 
practically  industrial  process  was  that  of  Mans- 
field, founded  entirely  at  first  on  Faraday's,  and 
deahng  with  a  similar  product  as  the  source, 
namely,  coal  tar  (Mansfield,  C.  J.  1,  244,  1848). 
Mansfield  took  the  lower  boiling  portion  of 
coal  tar,  which  was  then  used  under  the  name 
of  naphtha  for  lighting  purposes,  and  distilled 
it  over  a  flame  in  a  still  provided  with  a 
'  jacketed  head  and  a  simple  form  of  dephlcg- 
mator  made  by  connecting  the  upper  part  of  the 
condensing  woi-m  with  the  stLU  body  by  an  in- 
clined tube.  The  water  in  the  jacket  round  the 
long  egg-shaped  head  partially  condensed  the 
vaijours  rising  from  the  boiling  fluid  until  it 
reached  a  temperature  of  100°  when  those 
vapours  condensible  at  that  temperature  were 
alone  affected  and  returned  to  the  still,  those 
requiring  a  lower  temperature  passing  on  to  the 
worm,  and  being  condensed  and  collected.  Much 
of  the  spray  carried  upward  by  the  vapours  was 
stopped  in  the  head,  and  what  passed  it  and  was 
condensed  in  the  connecting  tube  between  the 
still  head  and  the  worm  flowed  into  the  inclined 
tube,  and  found  its  way  back  to  the  body  of  the 
still.  Finally,  when  nothing  more  could  pass 
the  boiling  water  in  the  jacketed  head,  this  in- 
clined tube,  on  a  cock  being  fully  opened,  which 
during  the  first  part  of  the  process  was  partially 
closed,  could  bo  made  use  of  to  distil  over  the 
higher  boiling  portions. 

Such  an  apparatus  could  of  course  only  effect 
a  rough  separation  of  the  oil  into  a  '  benzol ' 
mainly  distilling  below  100°  and  a  '  naphtha  ' 
most  of  which  would  not  distil  below  100°. 

If,  however,  the  water  of  the  water  jacket  round 
the  head  were  carefully  kept  at  a  stated  tem- 
perature, say  80°-82°,  a  much  purer  product 
could  be  obtained.  For  some  years  the  process 
was  only  carried  out  with  the  object  of  getting 
oils  for  the  Read  Holliday  lamp,  and  for  the  use 
of  rubber  manufacturers. 


Fia.  1. 


A,  Still  boily.   B,  Analysing  column,    c,  Cooler  kept  at  temperature  of  distillate  wanted.   D,  Condenser 
for  pure  distillate.     E,  Vase  into  which  distillate  flows.     p,  Automatic  regulator. 
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The  early  demands  for  '  benzol '  for  use  in 
the  aniline  colour  industry  were  confined  to 
wliat  were  known  as  30  p.c.,  50  p.c.,  and  90  p.c. 
benzols,  which  terms  were  understood  to  mean 
that  30,  50,  or  90  p.c.  by  measure  of  the  sample 
boiled  below  lOO^C.  Of  these  the  30  p.c.  was 
mainly  used  for  the  production  of  aniline  for  red, 
and  the  90  p.c.  for  aniline  for  blue.  Mansfield 
had,  however,  subjected  his  distillates  to  a  care- 
ful but  most  laborious  fractionation  in  glass  re- 
torts, finally  obtaining  perfectly  pure  benzene 
by  recourse  to  freezing  and  pressure,  and  he 
pointed  out  that  '  it  is  evident  that  any  of  the 
summary  processes  of  rectification  which  are 
practised  by  distillers  in  the  manufacture  of 
alcoholic  spirits  are  applicable  to  the  separa- 
tion of  benzole  from  the  less  volatile  fluids  of  the 
naphtha  '  (Reports  of  the  Koyal  College  of  Che- 
mistry, 1849,  257). 

Mansfield,  in  fact,  in  the  remarkable  paper 
just  quoted,  laid  the  foundations  of  the  whole 
benzene  industry,  and  his  processes  with 
scarcely  a  change  are  in  use  to  this  day.  The 
departures  from  them  have  been  one  by  one 
abandoned  in  favour  of  his  method  of  absolute 
separation  of  the  light  oils  into  their  consti- 
tuents, and  it  is  not  too  much  to  say  that  had  it 
not  been  for  his  terrible  death '  in  February, 
1855,  we  should  have  had  the  pure  hydrocar- 
bons in  the  market  many  years  ago. 

The  introduction  of  the  aniline  black  print- 
ing processes  and  other  improvements  in  the 
dye  industry,  however,  slowly  gave  rise  to  a  de- 
mand for  a  purer  benzene,  while  later  on  a  de- 
mand for  toluene  and  xylene  stimulated  the 
improvement  of  the  distillation  process. 

The  movement  was  natm'ally,  as  Mansfield 
had  suggested,  towards  the  use  of  such  a  still 
as  had  been  introduced  by  Mr.  Coffey  in  his 
patent  of  1832  and  subsequently  carried  to  great 
elliciency  by  succeeding  generations  of  spirit 
distillers.   Coupler  of  Paris  appears  first  to  have 
worked  on  a  large  scale  in  this  direction  about 
18G3.  He  modified  the  original  Mansfield  appa- 
ratus in  the  way  mentioned  above  and  showed 
that  at  one  operation  he  could  separate  ordinary 
50  p.c.  commercial  benzol  as  follows  : — 
100  litres  yielded  : 
44  litres  between  80°  and  82°  ('  Pure  benzol ') 
6    „  „     82°  and  110°  (Crude  toluol) 

17    „  „    110°and  112^  ('Pure  toluol') 

5    „  „    112°  and  137°  (Crude  xylol) 

9    „  „    137°  and  140°  ('Pure  xylol') 

13-14    „  „    140°  and  150°  last  runnings. 

In  addition  there  were  about  G  litres  between 
C2°  and  80°  consisting  of  various  impurities 
such  as  carbon  disulphide,  acetonitrile,  &c. 

Vedl6,  Savalle  of  Paris,  and  others  followed 
with  various  improvements  in  the  same  direc- 
tion, Savalle  being  most  generally  considered  to 
have  produced  the  best  still,  though  it  had  two 
very  great  drawbacks,  viz.  it  was  manufactured 
of  copper,  which  made  it  very  costly,  and  it  was 
hampered,  as  far  as  its  condensation  arrange- 
ments were  concerned,  by  an  expensive  and  use- 
less attempt  to  use  air  from  a  fan  driven  by 
steam  as  a  means  of  cooling  the  condensers. 

The  latter  attempt  was  soon  given  up  and 
wo  give  hero  a  sketch  of  the  apparatus  in  its 

'  jransni'Ul  was  burned  to  doiitli  by  the  boiling  over  of 
abcnzcuc  still. 


latest  form  as  made  by  the  Metallwcrke  vormals 
T.  Aders,  of  Magdeburg-Neustadt. 

The  still  being  charged  with  the  proper 
quantity  of  naphtha  or  crude  benzol,  which  has 
undergone  the  necessary  washings  with  sul- 
phuric acid  and  soda  lye,  steam  is  admitted  into 
the  coils,  where  it  circulates,  the  condensed  water 
escaping  through  another  tube  in  the  usual 
fashion.  As  soon  as  the  liquid  begins  to  boil 
the  vapour  ascends  into  the  head  a  and  passes 
througb  the  curved  tube  a' into  the  bottom  of  the 
column,  B.  This  contains  25  to  30  flat  dia- 
phragms each  pierced  with  a  number  of  small 
holes,  and  one  larger  into  which  is  fitted  a  short 
wide  overflow  tube,  the  end  of  which  stands  up 
about  2  inches  above  the  level  of  the  plate.  On 
the  opposite  side  of  the  plate  is  a  small  deprcs- 


Fio.  2. 


sion  about  2  inches  deep  and  4  in  diameter,  into 
which  the  overflow  tube  from  the  plate  above 
dips,  its  own  tube  dipping  in  the  same  way  into  a 
depression  in  the  plate  below.  The  condensed 
I  fluid  acts  to  each  overflow  tube  as  a  trap  and 
prevents  the  ascent  of  vapour  through  it. 

The  rising  vapour  condenses  rapidly  on  these 
plates,  and  the  fluid  thus  produced,  unable  to 
penetrate  the  small  holes  through  which  the 
'  hot  vapour  is  rushing,  rises  to  the  brim  of  the 
'  overflow  tube,  and  then  pours  down  from  plate 
to  plate  into  the  still  body.    The  non-con- 
j  dcnsed  vapour  rises  through  the  perforations  of 
!  the  next  plate,  where  it  undergoes  a  similar 
operation,  and  so  on  to  the  top,  the  vapour  pass- 
ing away  from  which  has  thus  been  successively 
washed  by  bubbling  through  some  thirty  layers 
of  fluid  each  slightly  cooler  than  the  one  be- 
neath.   Finally  the  vapour  passes  through  a 
surface  or  multitubular  condenser  c,  which  is 
provided  with  a  water  supply  so  regulated  that 
its  temperature  is  about  that  of  the  boiling 
point  of  the  liquid  required.    The  liquid  here 
I  condensed  flows  back  into  the  column  at  a  suit- 
able point,  while  the  now  purified  vapour  passes 
j  on  to  the  second  condenser  d,  and  is  finally  com- 
i  pletely  condensed  into  the  liquid  form.  'Plience 
j  it  flows  into  the  glass  vase  e,  which  is  fitted  on 
to  a  stand-pipe  communicating  with  the  dis- 
■  tributing-pipes  which  convey  it  to  the  store 
tanks.    The  fractions  taken  should  now  boil  as 
follows.   Benzene  80°,  toluene  110%  xylene  140°. 

If  pure  products  are  required,  each  frac- 
tion is  washed  with  concentrated  oil  of 
vitriol,  and  a  washing  with  soda  solution  follows. 
The  fraction  is  introduced  into  a  cast-iron 
vessel  provided  with  a  lid  with  manhole  and 
inlet  pipe.  Through  the  centre  passes  a  vertical 
I  shaft  rotated  by  mitre  geared  wheels.  The  shaft 
I  is  provided  with  arms  so  arranged  that  the  con- 
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tents  can  be  thoroughly  churned  up.  A  good 
form  of  apparatus,  due  to  Messrs.  F.  B.  Welch, 
of  Atlantic  Works,  Manchester,  is  seen  in 
fig.  3.    The  details  need  no  description  except 


Fig.  3. 

to  point  out  that  the  screws  used  to  force  the 
fluids  through  the  two  vomiting  tubes  a  and  a' 
should  be  set  on  the  shaft  with  their  helices  re- 
versed right  and  left,  so  that  the  lower  one 
causes  the  lower  fluid  to  rush  up,  and  the  upper 
one  the  upper  fluid  to  rush  down ;  they  thus 
cause  the  two  currents  to  meet  together  violently 
and  thoroughly  mingle.  Air  agitation  is  not 
advisable  on  account  of  the  loss  of  benzol  which 
it  is  ai5t  to  cause. 

If  the  fraction  is  of  fairly  good  quality  and 
has  been  properly  separated  from  the  crude 
benzol  or  light  oils,  the  amount  of  acid  required 
need  not  be  more  than  one-twentieth  of  its 
weight.  In  some  cases,  however,  where  the 
impurities  are  difficult  to  remove,  more  must 
be  used  and  the  operation  repeated.  After 
the  acid  has  been  run  oif ,  a  washing  with  enough 
soda  solution  to  neutralise  excess  of  acid  and 
remove  traces  of  phenols  follows,  and  the  frac- 
tion is  then  ready  for  a  second  rectification, 
although  if  it  be  benzene  or  toluene  wanted  for 
conversion  into  aniline  in  the  works  where  it  is 
made,  it  can  of  course  be  nitrated  directly  it 
leaves  the  acid  washer. 

If  re-rectified,  the  benzene,  toluene,  and 
xylene  should  have  the  following  boiling-points, 
which  are  those  of  samples  made  in  a  large 
London  works : — 

Bcuzeuo       Tolueue  Xvleuc 

1.  .     .    81-0  111-8  139-2 

2.  .     .    81-2  111-9  139-5 

3.  .     .    81-2  111-9  139-7 

4.  .     .    81-3  111-9  140-1 

5.  .     .    81-6  111-9  140-3 

6.  .     .    81-7  112-0  140-4 

7.  .     .    81-8  112-0  140-5 

8.  .     .    81-8  112-0  140-0 

9.  .  .  81-9  112-0  140-8 
Dry  .      .    84-0  112-1  141-5 

E-ioh  fr  u'tion  1  = 


Neither  the  benzene  nor  the  xylene  given 
above  is  quite  so  good  as  it  should  be.  In 
really  satisfactory  samples  they  should  all  boil 
within  0°-5  to  dryness. 

The  above  boilings  were  made  as  described 
under  the  article  Aniline,  ■p.  162.  250  c.c.  were 
taken  and  the  thermometer  bulb  was  kept  just 
at  the  bottom  of  the  neck  of  the  boiling 
flask ;  the  readings  are  corrected  for  baro- 
metric pressure.  This  is  not  the  usual  trade 
method  which  consists  in  using  a  retort  and 
unniersing  the  bulb  of  the  thermometer  almost 
to  the  bottom  of  the  boiling  fluid.  One  con- 
tinental maker  prescribes  for  his  purchases 
that  the  boiling-p)oints  shall  be  taken  with  the 
thermometer  bulb  in  the  uj^permost  chamber  of 
a  three-bulb  rectifying  tube.  For  much  infor- 
mation as  to  the  commercial  valuation  of 
'benzols  '  v.  G.  E.  Davis,  Journal  of  the  Society 
of  Cheraical  Industry,  iv.  645,  also  papers  by 
B.  Nickels  on  the  impurities  of  benzol,  Cbemical 
News,  43,  pp.  148,  250  ;  52,  p.  170,  and  G.  Lunge, 
Coal  Tar  and  Ammonia,  2nd  edition,  1888. 

The  treatment  for  obtaining  toluene  is  exactly 
the  same  as  that  described  for  benzene,  the 
tolueue  following  the  benzene  from  the  crude 
benzol  still  and  being  subsequently  re-rectified. 
Toluene  is  also  accompanied  by  the  correspond- 
ing thiophene  (thiotolene)  and  requires  very 
careful  and  thorough  washing  with  vitriol  or  it 
cannot  be  got  to  nitrate  proi^erly. 

After  the  separation  of  the  toluene  more  or 
less  crude  xylene  is  obtained,  and  the  residue 
in  the  still  is  then  cooled  and  run  out.  When 
good  crude  benzol  has  been  worked  the  residue 
contains  a  very  large  quantity  of  naphthalene 
which  separates  from  it  when  cold,  and  is  known 
in  the  works  as  '  naphthalene  salts.'  As  it  has 
all  been  brought  off  from  the  tar  at  a  low  tem- 
perature, it  is  extremely  free  from  higher  boiling 
substances  and  very  pure  naj)hthalene  can  be 
obtained  from  it  with  little  trouble.  Of  the 
rest,  some  20  to  80  p.c.  consists  of  jihenol,  to 
which  the  same  remarks  apply.  The  remaining 
third  consists  of  a  mixture  of  hydrocarbons 
from  which  some  more  xylene  could  no  doubt 
be  recovered,  but  the  bulk  of  this  '  dead  oil,'  as 
it  is  often  called,  is  used  for  burning.  Meta- 
xylene  can  be  prepared  from  the  purified  mixed 
xylenes  by  agitation  with  sulphuric  acid,  as  de- 
scribed for  benzene  and  tolueue,  to  remove  tbe 
thiophenes,  when  a  subsequent  treatment  with 
its  own  weight  of  sulphuric  acid  converts  tlie 
nietaxylene  into  a  sulphonic  acid,  which  after 
separation  from  the  insoluble  portion  is  hydro- 
lysed,  and  metaxylene  of  great  jjurity  obtained 
(0.  Hiiussermann,  quoted  by  G.  Lunge,  Coal  Tar 
and  Ammonia,  2nd  edition,  476). 

Nitration  of  benzene,  toluene,  <f'c. — Nitro- 
benzene first  made  its  appearance  in  the 
arts  under  the  name  of  essence  do  myrbane, 
manufactured  in  France  by  Collas.  It  was 
used  to  scent  soap  and  as  a  bitter  almond 
flavouring.  Mansfield  had  taken  out  a  x^atent 
for  its  manufacture  in  1847,  from  coal  tar 
benzene.  The  history  of  its  manufacture  is 
interesting,  as  the  difficulties  to  be  encountered 
were  very  considerable. 

The  first  really  large  quantity  produced  was 
made  by  Messrs.  Simpson,  Maulc,  &  Nicholson, 
at  Kennington,  in  1856.    They  worked  at  first 
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entirely  in  glass.  Along  a  bcncli  a  row  of  some 
twenty  bolt-headn,  each  of  about  1  gallon  ca- 
pacity, was  ranged,  with  a  convenient  water 
trough  at  hand.  Into  each  flask  from  1  to  2  lbs. 
of  benzene  was  introduced,  and  the  calculated 
quantity  of  the  mixed  acid,  divided  up  into  cor- 
responding portions,  stood  beside  each  in  a 
stoneware  jug.  Commencing  with  the  first 
flask,  a  workman  next  proceeded  to  add  a  small 
quantity  of  the  acid  and  thoroughly  swing  round 
and  agitate  it  with  the  benzene.  As  soon  as  he 
judged  it  to  be  safe  to  leave  this  flask  he  treated 
the  next  in  rotation,  and  so  on  till  the  whole 
series  had  received  its  first  portion.  He  now  re- 
turned to  No.  1  and  added  a  second  quantity  of 
acid,  and  this  was  continued  until  all  were 
finished.  It  need  scarcely  be  said  that  the  pro- 
cess was  considered  a  dangerous  one,  and  that 
any  attempt  to  increase  the  scale  of  manufactuj-e 
was  a  very  serious  undertaking.  The  attempt, 
however,  was  made  in  cast-iron  vessels,  furnished 
with  mechanical  stirrers,  and  the  size  of  the 
apparatus  was  rapidly  increased  until  it  attained 
dimensions  at  which  it  was  capable  of  dealing 
with  several  hundred  pounds  weight  of  benzene. 

The  usual  arrangement  now  adox^ted  is  as 
follows : — 

A  row  of  vertical  cast-iron  cylinders,  each 
about  4  feet  in  diameter  by  4  feet  deep,  is  ranged 
at  a  convenient  height  from  the  ground  beneath  a 
line  of  shafting.  Each  cylinder  is  covered  with 
a  cast-iron  lid,  having  a  raised  rim  all  round.  A 
central  orifice  gives  passage  to  a  vertical  shaft, 
and  two  or  more  other  conveniently  arranged 
openings  allow  the  benzene,  toluene,  or  xylene, 
and  the  mixed  acids  to  flow  in.  Each  of  these 
openings  is  surrounded  with  a  deejD  rim,  so  that 
the  whole  top  can  be  flooded  with  some  inches 
of  water  without  any  running  into  the  interior  of 
the  cylinder.  The  lid  overhangs  the  cylinder 
somewhat,  and  in  the  outer  rim  a  number  of 
slots,  holes,  or  tubes  allow  the  water  to  flow- 
down  all  over  the  outer  surface  of  the  cylinder 
into  a  shallow  cast-iron  dish  in  which  it  stands. 
By  means  of  a  good  supply  of  cold  water,  the 
top,  sides,  and  bottom  of  the  whole  apjjaratus 
are  thus  kept  continually  floodedaud  cooled.  The 
agitators  consist  of  cast-iron  arms  keyed  to 
the  vertical  shaft,  with  fixed  arms  or  dash- 
plates  secured  to  the  sides  of  the  cylinder.  The 
shaft  has  a  mitre  wheel  keyed  on  at  the  top, 
which  works  into  a  corresponding  wheel  on  the 
horizontal  shafting  running  along  the  top  of  tlie 
converters.  This  latter  is  secured  to  a  clutch, 
and  there  is  a  feather  on  the  shaft,  so  that  any 
one  of  the  converters  can,  if  necessary,  be  put 
either  in  or  out  of  gear.  This  arrangement  is 
necessary,  as  riggers  and  belts,  either  of  leather, 
cotton,  or  rubber,  are  useless  in  the  atmosphere 
of  the  nitrobenzene  house.  Above,  and  close  to 
each  converter,  stands  its  acid  store-tank  of 
iron,  or  preferably,  stoneware.  This  is  often  in 
duplicate,  or  else  the  single  tank  has  two  or 
more  running-out  coclfs. 

The  building  should  consist  of  one  storey 
only,  with  a  light  gabled  roof  consisting  of 
ratters  on  to  which  pantile  laths  are  secured  by 
good  oak  trenails.  To  these  either  pan  or  flat 
tiles  should  be  fixed,  either  with  trenails,  or 
better,  the  tiles  may  be  of  the  self -fixing  form. 
The  walls  should  be  of  hard  brick,  and  the  floor 


of  concrete,  nine  to  twelve  inches  thick.  This, 
when  thoroughly  dry,  may  be  coated  thinly 
with  good  pitch,  thinned  down  with  dead  oil  and 
put  on  warm,  so  as  to  soak  in  and  protect  the 
surface  from  the  action  of  the  acids. 

The  floor  should  be  sharply  inclined  to  a 
drain,  which  should  pass  through  a  large  catch- 
pit  or  cesspool,  which  will  save  any  nitrobenzene 
which  might  be  spilled. 

The  entrances  should  be  few  and  of  moderate 
size,  provided  witli  stout  oak  doors ;  and  in 
addition  to  the  usual  fire  hydrants  there  should 
be  means  of  filling  the  room  with  steam 
from  a  two-inch  pipe,  the  cock  of  which  is 
placed  without.  The  building  should  be  com- 
pletely isolated  from  the  benzene  store,  nitrate 
of  soda,  coal  stores,  &c. 

The  charge  of  acids  is  always  mixed  before- 
hand and  thoroughly  cooled  before  use.  The 
nitric  acid  should  have  a  sp.gr.  of  1-38S  (1  gram- 
molecule  HXO.,  per  100  grams  weight  of  acid) 
and  should  be  free  from  lower  oxides  of  nitrogen. 
The  sulphuric  acid  should  have  a  gravity  of 
1-845  (  =  95-90  p.c.H.,SOj).  A  good  nitrating 
mixture  consists  of  100  parts  by  weight  of  nitric 
to  140  of  sulphuric  acid,  which  mixture  will  serve 
for  78  parts  of  benzene  or  128  of  nitric  acid  to 
179  of  sulphuric  acid  for  100  parts  by  weight  of 
benzene. 

The  benzene  (in  continental  works  about 
100-200  lbs.  weight  only)  having  been  previously 
introduced  into  the  converter,  the  water  is  turned 
on,  and  the  cooling  apparatus  being  found  in 
working  order,  the  agitators  are  set  ruiming, 
and  the  acid  cock  turned  on  so  as  to  allow 
it  to  flow  in  a  very  thin  stream.  Should  it  be 
necessary  to  check  the  machinery  even  for  a 
moment,  the  acid  should  be  first  shut  off  and  the 
agitation  continued  for  some  minutes,  as  the  re- 
action proceeds  with  such  vigour  that,  if  the 
benzene  undergoing  nitration  comes  to  rest  and 
the  acid  stream  continues  to  flow,  local  heating 
sufficiently  great  to  cause  the  charge  to  inflame 
may  speedily  occur.  Accidents  from  this  source 
are  or  have  been  not  uncommon. 

The  operation  lasts  for  from  eight  to  ten 
hours,  the  agitation  and  cooling  being  kept  up 
without  intermission.  When  •  the  last  portion 
of  the  acid  has  been  added  the  water  is  shut 
off,  and  the  temperature  allowed  to  rise  some- 
what, some  manufacturers  allowing  it  to  attain 
close  upon  100°.  When  the  temperature  ceases 
to  rise  the  agitators  are  thrown  out  of  gear 
and  the  mixture  allowed  some  hours  to  cool 
and  settle.  The  acid  is  then  drawn  off  and  the 
nitrobenzene  well  washed  with  water,  and  it  is 
then  ready  to  be  transferred  to  the  auihue  factory. 
In  some  works  it  is  distilled  for  a  short  time 
with  wet  steam,  in  order  to  recover  a  little  un- 
converted benzene  and  a  trace  of  paraflius,  to- 
gether about  0-5  p.o. 

In  most  English  works  very  much  larger 
quantities  than  here  mentioned  are  nitrated  at 
one  operation,  from  100  to  200  gallons  of  benzene 
or  from  880  to  1,760  lbs.  weight  being  a  usual 
charge.  The  steam  distillation  also  is  seldom 
resorted  to  unless  the  nitrobenzol  is  to  be  sold 
as  'myrbane,'  in  which  case  this  trealinent  is 
essential,  and  the  whole  of  the  substance  has  to 
be  brought  over  in  order  to  obtain  a  perfectly 
clear  and  transparent  body  such  as  the  users  of 
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myrbane  demand.  It  is  customary  to  use  toluene 
imperfectly  freed  from  benzene  for  this  purpose, 
that  article  being  cheaper  and  yielding  a  some- 
what more  fragrant  myrbane  than  benzene  alone. 

The  waste  acid  from  the  nitrating  process, 
of  sp.gr.  1-6  to  1'7,  contains  a  very  small  quan- 
tity of  nitrobenzene  in  solution,  and  also  if  the 
reaction  has  been  allowed  to  go  too  fast,  which 
causes  local  heating,  small  quantities  of  oxalic 
acid.  Neither  of  these  are  worth  recovery,  and 
the  acid  is  therefore  usually  run  into  large  east- 
iron  pots,  set  on  furnaces  and  concentrated. 

The  '  black  acid  '  may  be  used  in  the  manu- 
facture of  nitric  acid  or  transferred  to  the  makers 
of  manures.  In  some  works  it  is  used  with  the 
iron  residues  from  the  aniline  stills  to  make  green 
vitriol. 

The  treatment  adopted  with  toluene  and 
xylene  is  in  all  essential  particulars  the  same  as 
with  benzene. 

Dinitrobcnzcne  and  dinitrotolucna  are  ob- 
tained by  treating  a  charge  of  the  hydrocarbon 
with  double  the  proportion  of  the  mixed  acids, 
the  operation  being  carried  out  in  two  stages, 
and  the  second  charge  of  acids  run  in  directly 
after  the  first.  The  cooling  water  is  shut  ofl' 
and  the  temperature  allowed  to  rise  rapidly.  Or 
nitrobenzol  already  manufactured  may  be  taken 
and  again  treated  with  the  necessary  acid.  Great 
quantities  of  acid  fumes  and  some  nitro-  and 
dinitro-products  come  off  at  the  high  tempera- 
ture which  is  attained,  and  a  good  condensing 
apparatus  of  stoneware  must  be  used  to  prevent 
loss. 

The  product  of  the  reaction  is  separated  from 
the  acid  as  usual,  and  tlien  thoroughly  washed 
with  cold,  and  lastly  with  hot,  water.  As  di- 
nitrobenzene  is  sensibly  soluble  in  the  latter,  the 
hot  washwater  had  better  always  be  xjreserved 
and  used  for  first  washing  a  subsequent  batch. 
Finally,  it  is  allowed  to  settle,  and,  while  still 
warm,  run  out  into  iron  trays,  in  which  it  solidi- 


ties in  masses  two  to  four  inches  thick.  The 
principal  product  of  the  reaction  is  meta- 
dinitrobenzene,  m.p.  89-8,  but  orthodi- 
nitrobenzene,  m.p.  118°,  and  paradinitro- 
benzene,  m.p.  172,  are  also  produced,  the  m.p. 
of  the  commercial  product  being  about  85-87. 
It  should  not  contain  any  nitrobenzene,  and 
should  be  well  crystallised,  hard,  and  almost 
odourless,  and  should  not  render  paper  greasy. 

Dinitrotoluene  is  prepared  by  a  process 
similar  to  the  above,  and,  since  ortho-  and 
paranitrotoluene  yield,  when  nitrated  at  a  high 
temperature,  most  of  the  C^HjCHsNCNO.,  dini- 

1     2  "  4  " 

trotolueno,  it  is  better  to  proceed  straight  on 
from  the  toluene. 

The  subsequent  treatment  is  the  same  as 
when  dinitrobenzene  is  manufactured.  Com- 
mercial dinitrotoluene  consists  mainly  of  the 
last-named  and  the  1  ;  2  :  6  modifications,  but 
always  contains  small  quantities  of  the  other 
isomers.  The  1  :  2  :  G  only  occurs  in  small  pro- 
portion, and  mainly  in  the  oily  drainings  from 
the  crude  product.  The  nitration  of  the  jjure 
metaxylene  does  not  differ  from  the  processes 
already  descril)ed.  E.  J.  F. 

BENZIDINE  V.  Diphenyl. 

BENZIDINE-AZO-  DYES.  The  dyes  belong- 
ing to  this  class  dye  cotton  without  the  aid  of  a 
mordant.  They  are  very  brilliant,  but  most  fugitive 
to  light,  and  are  prepared  by  the  action  of  1  mol. 
of  tetrazodiphenyl,  its  homologues,  the  analogous 
stiibene  and  fluorene  compounds,  the  azo-  com- 
pounds of  diamidobenzophenone  or  certain  naph- 
thylenedianiines  on  the  one  hand,  on  2  mol.  of 
various  a-  and  /3-naphthylaniinesulplionic  acids,  a- 
and  /3-naphtholmono-  and  disulphonic  acids,  their 
alkylised  derivatives,  or  substitution  products  of 
benzoic  acid  on  the  other  hand.  The  following 
table  shows  the  influence  exercised  by  the  rela- 
tive positions  of  the  N.Hj+CH^  groups  on  the 
shade  of  the  dye  obtained : — 


Tetrazo-  derivatives  of 

Naplitliioiiio  acid  n,-»a 

a-Naphthol-«-sulpbonio 
acid  a^-ti^ 

^-Naphthohlisulplionic 
acid  R 

Shade 

Afliiiity  for 
cottou 

Shade 

AtTinity  for 
cottou 

Shade 

Afbnitv  tor 
cotton 

Bf'iizidiue  

Yellow-red 

(Congo) 

niue-violet 

Blue-violet 

Reil,  with  tinyi' 

{lieuzopur- 

Bliio-v'.olet 

(Azo-  blue) 

of  blue  . 

puriu)  . 

Yellow-red 

Small  . 

Claret-red  . 

Great 

lied,  with 

Fairly  great 

blue  tinge 

^'-Toliiliiie  

Yellow-red 

Small  . 

lilae-red  . 

Small 

rUue-red  . 

Very  small 

Xvliiliuc  0IT,:Nir,:f1H,  =  1:2:3  . 

Orauffc-red 

Fairly  grea 

Blue-red  . 

Great 

Blue-reil  . 

Small 

Xvlidiiic  (JIT.,:Nir  .:0II,,  =  1:3:G  . 

Yellow-led 

SI  i  gilt. 

Blue-red  . 

Slight 

Blue-red  . 

Very  slight 

Xvliiliiio  L:ir,:Nli  ,:0H,  =  l:2:fi  . 

Yellow-red 

Very  slight 
Sligiit. 

Yellow-red 

Fairly  gre.at 

Yellow-n  d 

Fairlv  great 

XvUaiuc  CM,:Nn..:CH-,=2:3:l!  . 

Y'ellow-red 

•Jraugc-rcd 

Fairly  great 

lied  . 

Sli-lit 

Xylidiue  NH,:CII-,:CiT,  =  1:3:5  . 

Y'ellow-red  . 

Fairly  grea' 

Yellow-red 

Fairly  great 

Ked  . 

Slight 

1,  Xylicliue  NH,:C]l3:0Hj  =  l:2:5  . 

Ited,  with  strung 

Very  sliglil 

Violet 

Slight 

Violet 

.  li'-,'lit 

tiugeofblue. 

rti:iiniilostilbene  .... 

Violet-blue 

Great 

DiMn'tliyliliamiilostilbciic  . 

Violet-blue 

Great 

From  this  table  it  will  be  seen  (1)  That  the 
methyl  group  only  exerts  an  appreciable  influ- 
ence as  regards  the  shade  of  the  dye  when  it  is 
in  the  ortho-  position  to  the  amido-  group  ;  (2)  In 
the  case  of  the  xylidine  derivatives  the  further 
the  second  methyl-  group  in  each  benzene  nucleus 
is  removed  from  the  amido-  group,  the  bluer  is 
the  shade  of  the  resulting  dye  (Weiugiirtner, 
Z.  12,  409 ;  Abstr.  in  S.  C.  I.  7,  382). 

BENZIDINE    BLUE     v.    Azo-  coloumn'; 

MATTERS. 


BENZOAZUKIN  v.  Azo-colouking  matters. 

BENZOIC  ACID  C,H,0.,  =  C,H,.CO,H.  [Acide 
bmzo'iqiLC,  Fr. ;  Benzoi'sdure,  Ger. ;  Acidum  hcn- 
zoicum.)  Blaise  de  Vigen^re,  in  his  '  Traite  du 
feu  et  du  sel,'  published  in  1G08,  described  the 
preparation  of  benzoic  acid  by  the  distillation  of 
gam  benzoin.  Lemery,  in  1G75,  called  attention 
to  its  acid  properties ;  and  Soheole  showed,  in 
177'),  that  it  could  be  extracted  from  gum 
benzoin  by  boiling  the  gum  with  lime,  concen- 
trating the  solution,  and  decomposing  the  salt 
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BENZOIC  ACID. 


with  hydrochloric  acid.  Schee''e  also,  in  1785, 
obtained  benzoic  acid  from  cow's  urine ;  but  it 
was  not  unto.  1829  that  Liebig  showed  that  the 
substance  contained  in  the  urine,  by  the  decom- 
position of  which  benzoic  acid  is  formed,  is 
hi]Dpuric  acid. 

Occurrence. —  Benzoic  acid  occurs  in  gum 
benzoin,  tolu  balsam,  storax,  dragon's  blood, 
and  various  other  natural  resins  ;  in  oil  of  ber- 
gamot  and  oil  of  cinnamon ;  in  vanilla,  calamus 
root,  and  the  ripe  fruit  of  the  clove  tree ;  in 
various  sweet-smelling  flowers — thus  in  the 
flowers  of  Unona  odoratissinia,  from  which  the 
perfume  ylang-ylang  is  prepared ;  as  hippuric 
acid  (and  sometimes  even,  it  is  asserted,  as 
free  benzoic  acid)  in  the  urine  of  herbivora ;  and 
in  castoreum,  a  viscid,  foetid  secretion,  found  in 
Ijouclies  situated  in  the  perineum  of  the  beaver. 

Formation. — By  the  oxidation  of  all  com- 
pounds which  contain  the  phenyl  group  united 
to  a  single  lateral  chain,  such  as  toluene,  benzyl 
chloride,  benzyl  alcohol,  benzaldehyde,  cinnamic 
acid,  &c.  By  heating  benzotrichloride  CaHs.CClj 
with  water.  By  heating  benzonitrile  C^H^.CN 
with  acids  or  alkalis.  By  boiling  hippuric  acid 
with  hydrochloric  acid 

(C,H,0)NH.CH.,.CO.,H  +  H.,0 
=  C,H„0,  +  NH,.CH,.CO,ja. 
By  passing  carbon  dioxide  into  benzene  con- 
taining aluminium  chloride 

C,H,  +  C0,  =  C,H3.C0,H. 
Preparation. — 1.  From  gum  heiizo'in.  In  order 
to  obtain  the  acid  from  guni  benzoin  by  sublima- 
tion, the  gum,  broken  up  into  small  pieces,  is 
introduced  into  a  flat  iron  vessel,  over  the 
mouth  of  which  filter  i^aper  is  then  pasted.  A 
large  conical  oajj  of  strong  paper,  exactly  fitting 
the  iron  vessel,  is  placed  over  the  filter  paper, 
tied  round  the  rim,  and  the  whole  is  gently 
heated  over  a  sandbath  at  a  temperature  of 
about  170°.  The  benzoic  acid  sublimes  through 
the  filter  paper  and  collects  in  colourless  crystals 
inside  the  paper  cone,  from  which  it  is  removed 
at  the  end  of  the  operation  (Mohr,  A.  29,  177). 
The  yield  is  about  4  p.c.  of  the  gum  employed, 
and  from  three  to  four  hours  are  required  for 
the  sublimation  of  a  pound  of  benzoic  acid.  A 
trace  of  an  aromatic  oil  from  the  gum  adheres 
to  the  crystals,  imparting  to  them  a  pleasant 
odour  of  vanilla,  and  enhancing  their  value  as  a 
pharmaceutical  preparation.  On  a  manufactur- 
ing scale  a  modification  of  the  foregoing  labora- 
tory process  is  employed,  in  which  the  gum  is 
heated  in  a  closed  vessel  and  the  vapour  of  the 
subliming  acid  flows  over  into  a  side  chamber 
and  condenses  at  a  point  below  the  source  of 
heat,  thus  obviating  all  risk  of  fusing  the  sub- 
limate. The  gum  benzoin  is  introduced  by 
means  of  a  metal  drawer,  which  is  heated 
from  beneath  by  gas  jets ;  whilst  the  sublimed 
acid  collects  in  a  second  drawer  and  can  thus  be 
removed  at  the  end  of  the  operation. 

Wohler's  method  (A.  49,  245)  consists  in  dis- 
solving the  powdered  gum  in  an  equal  volume  of 
alcohol  of  90-95  p.c,  adding  fuming  hydro- 
chloric acid  to  the  hot  solution  until  a  precipi- 
tate begins  to  be  formed,  and  distilling  the  mix- 
ture. The  distillate  contains  ethyl  benzoate, 
alcohol,  and  hydrochloric  acid.  The  residue  is 
again  distilled  with  water  as  long  as  ethyl  ben 
zoate  passes  over,  and  the  united  distillates  are 


boiled  with  caustic  potash  to  decompose  the 
ethyl  benzoate.  From  the  solution  the  benzoic 
acid  is  precipitated  with  hydrochloric  acid.  It 
smells  like  the  subhmed  product. 

Scheele's  method  of  extracting  the  benzoic 
acid  from  the  gum  with  slaked  lime  and  water 
(v.  supra)  may  also  be  employed. 

2.  From  urine.  The  urine  of  the  cow  or  horse 
is  allowed  to  putrefy,  so  as  to  induce  a  hydro- 
lytic  decomposition  of  the  hippuric  acid  into 
benzoic  acid  and  glycocoll.  Milk  of  Ume  is  then 
added,  the  filtered  solution  is  evaporated  to  a 
small  bulk,  and  the  benzoic  acid  precipitated 
with  hydrochloric  acid.  In  order  to  avoid  the 
evaporation  and  the  attendant  disagreeable 
smell,  the  excess  of  lime  may  be  removed  by 
carbon  dioxide,  the  benzoic  acid  precipitated  by 
the  addition  of  ferric  chloride,  and  the  ferric 
benzoate,  after  separating  it  by  filtration,  de- 
composed by  hydrochloric  acid.  The  acid  thus 
prepared  smells  of  urine,  and  must  not  be  used 
in  medicine.  The  smell  may,  however,  be  re- 
moved or  concealed  by  mixing  the  acid  with  a 
small  quantity  of  gum  benzoin  and  subliming  it. 

The  fresh  urine  may  also  be  evaporated  to 
one-third  of  its  bulk,  filtered,  mixed  with  hydro- 
chloric acid,  and  allowed  to  cool.  Hippuric  acid 
crystallises  out,  which,  by  boiling  with  concen- 
trated hydrochloric  acid,  is  decomposed  into 
glycocoll  hydrochloride,  and  benzoic  acid. 

3.  From  toluene.  Most  of  the  benzoic  acid 
employed  at  the  present  day,  and  certainly  all 
that  is  employed  in  the  coal-tar  colour  industry, 
is  manufactured  from  toluene  {v.  infra).  Toluene 
may,  by  oxidising  it  with  nitric  acid,  be  con- 
verted direct  into  benzoic  acid  ;  but  it  is  better 
to  chlorinate  it  first  to  benzyl  chloride,  which  is 
more  readily  attacked  by  the  oxidising  agent. 
Lunge  and  Petri  (B.  10,  1,275)  boil  benzyl  chlor- 
ide (1  part)  and  dilute  nitric  acid  (3  parts  of 
acid  of  35°  Baume  with  2  parts  of  water)  with 
a  reflux  condenser  until  the  smell  of  benzyl 
chloride  and  benzaldehyde  is  no  longer  percep- 
tible. A.  V.  Bad  (D.  P.  J.  231,  538),  however, 
states  that  this  method  is  unsuited  for  preparing 
the  acid  on  a  manufacturing  scale,  and  prefers 
to  decompose  benzotrichloride  by  heating  it 
with  water  under  pressure 

C„H,.CCI,  -I-  2H,0  =  C,H,.CO,JI  +  3HC1 ; 
but  it  is  diflicult  to  prepare  pure  benzotri- 
chloride, and  the  benzoic  acid  manufactured  by 
this  process  is  always  contaminated  with  chloro- 
benzoic  acids  formed  from  chlorinated  benzo- 
triclrlorides. 

Espenschicd  (G.  P.  47,187)  boils  the  benzo- 
trichloride with  milk  of  lime,  or  with  a  solution 
of  caustic  soda  mixed  with  whiting  or  other  in- 
soluble matter,  the  presence  of  which  aids  the 
reaction  by  preventing  the  benzotrichloride  from 
forming  a  separate  layer  and  also  by  promoting 
local  superheating. 

E.  Jacobsen  (G.  P.  11,494  and  13,127)  heats 
benzotrichloride  with  acetic  acid,  to  which  a 
little  zinc  chloride  has  been  added 

C,-H5.CCl3  +  2GH3.C0,H  =  C,;H,.C0,n-H2Ce-,.C0CI  +  HCI. 

The  acetyl  chloride  is  distilled  off,  the  residue 
extracted  with  sodium  carbonate,  and  the  ben- 
zoic acid  precipitated  with  hydrochloric  acid. 

The  benzoic  acid  required  in  the  coal-tar 
colour  industry  is  obtained  as  a  by-product  in  the 
manufacture  of  benzaldehyde  by  heating  benzal 
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chloride  with  milk  of  lime  {v.  Benzaldehyde),  a 
portion  of  the  benzaldehyde  being  converted 
into  calcium  benzoate  in  this  process. 

Proixrtics. — It  crystallises  in  lustrous  leaflets 
or  flat  needles,  melting  at  121-4°.  It  boils  at 
240°,  but  is  volatile  even  at  100°,  so  that  it  may 
readily  be  sublimed  ;  the  vapour  excites  cough- 
ing. It  may  be  distilled  with  steam  ;  2  litres  of 
aqueous  distillate  contain  1  gram  of  benzoic 
acid.    1,000  parts  of  water  dissolve  at 

0°         20^  40°         CO'^         8(1'^  100" 

1-70     2-90      5-55     11-55    27-15  58-75 
(Bourgoin,  A.  Ph.  [5]  15,  1C8)  ;  it  is  soluble  in 
about  twice  its  weight  of  ether  and  in  about  its 
own  weight  of  absolute  alcohol  at  ordinary  tem- 
peratures. 

Traces  of  impurity  lower  the  melting-point 
of  benzoic  acid  very  considerably.  The  impure 
acid  is  also  deposited  from  its  solutions  in 
smaller  crystals  than  the  pure. 

Eeactiona. — When  heated  with  lime,  benzoic 
acid  yields  benzene  and  calcium  carbonate 
(Mitscherlich).  It  is  very  stable  towards  oxi- 
dising agents;  dilute  chromic  acid  is  without 
action  on  it,  but  by  warming  it  with  manganese 
dioxide  and  sidphnric  acid  it  is  converted  into 
formic  acid,  carbon  dioxide,  and  phthalic  acid — 
the  latter  being  formed  by  the  simultaneous 
oxidation  of  formic  and  benzoic  acids  (Carius, 
A.  148,  72).  Boiling  the  alcoholic  solution  with 
sodium  amalgam  reduces  benzoic  acid  to  benzyl 
alcohol  and  other  products  (Herrmann,  A.  lo2, 
75).  When  distilled  over  heated  zinc-dust  ityields 
benzaldehyde  (Bacyer,  A.  140,  290).  Calcium 
benzoate  yields  on  distillation  benzophunone 
C„H,;.CO.C,jH-  together  with  a  small  quantity  of 
benzene  and  anthraquinone  C,,|H^O;,  (Kekuleand 
Franchimont,  B.  5,  908).  Taken  internally, 
benzoic  acid  is  excreted  in  the  urine  as  hippuric 
acid  (Wohler). 

When  a  solution  of  ferric  chloride  which 
has  been  mixed  with  sufficient  ammonia  to  turn 
it  dark-red  is  added  to  a  solution  of  a  benzoate, 
a  flesh-coloured  precipitate  of  basic  ferric  ben- 
zoate (C,H50,).,Fe,Fe(OH)3  is  formed.  This  re- 
action is  used  in  the  separation  of  benzoic  acid, 
and  also  in  separating  iron  from  manganese. 

Uses. — Benzoic  acid  is  used  in  medicine ; 
but  for  this  purpose  only  the  natural  product, 
obtained  from  gum  benzoin  by  sublimation,  is 
suitable.  Artificial  benzoic  acid  is  employed  in 
the  manufacture  of  aniline  blue.  It  has  been 
used  as  a  mordant  in  calico-printing.  Benzoic 
acid,  dissolved  in  a  mixture  of  1  part  of  ether  and 
20  parts  of  alcohol,  has  been  recommondodforthe 
preservation  of  anatomical  preparations.  It  is 
said  to  be  used  in  giving  an  aroma  to  tobacco. 

Examination  of  the  commercial  product. — 
The  artificial  benzoic  acid  of  commerce  is  almost 
always  contaminated  with  chlorobonzoic  acids 
{v.  supra),  the  presence  of  wliich  in  any  con- 
siderable quantity  is  stated  to  be  detrimental  in 
the  aniline  blue  manufacture.  The  chlorine 
may  be  detected  by  heating  the  acid  with 
metallic  sodium,  dissolving  the  sodium  compound 
in  water  and  testing  for  chlorine  in  the  solution. 
The  acid  should  have  the  propermelting-point  and 
should  dissolve  without  residue  in  boiling  water. 

Salts  and  ethers  of  benzoic  acid.  Benzoic 
acid  is  monobasic.  Most  of  the  benzoates  are 
soluble  both  in  waterandin  alcohol.  Potassium 
Vol.  L-  T 


!  hcnzuate  G-H.0Jv,.3H  .0  :  ei'floroscent  lamina. 
Sodium  benzoate  C.H-0.,K,H,0 :  elHorescent 
needles,  used  for  inhalation  "in  tuberculosis. 
Ammonium  benzoate  C,H30,(NH,)  :  rhombic 
crystals,  also  used  in  medicine.  Calcium  ben- 
zoate (C,H,0.,)Ca,2H.p  :  lustrous  needles,  used 
in  the  preparation  of  benzophenone.  Basic 
ferrii  benzoate  (C,H-0,,),Fe,Fe(OH),  {v.  supra). 

The  ethers  of  benzoic  acid  are  obtained  either 
by  distilling  benzoic  acid  with  the  alcohol  and 
sulphuric  acid,  or  better,  by  saturating  a  solu- 
tion of  benzoic  acid  in  the  alcohol  with  gaseous 
hydrocliloric  acid,  digesting  the  mixture  on  the 
water-bath  for  some  hours,  precipitating  the 
ether  with  water  and  purifying  by  distillation. 
Methijl  benzoate  C.H-0„.GH,|  is  a  li(iuid  boiling 
at  199°.  Ethyl  bjnzoate  C.H-0.,.G.,H.  boils  at 
'  212\  '      '   '  F.  K.  J. 

BENZOIC  ANHYDRIDE  (CJI,.CO),,0.  First 
prepared  by  Gerhardt  (A.  Ch.  [.S]  ,37,"  299)  by 
the  action  of  benzoyl  chloride  on  sodium  ben- 
zoate or  on  sodium  oxalate,  or  of  phosx)horus 
oxychloride  on  sodium  benzoate  : 
C  k.CO.,Na-l-G,H,.GOCl  =  (C  H..CO)„0  -r  NaGl ; 
2G,H,.G0G1  +  Na'.CO^ 
=  (G,H..(!Oj„0  +  2NaGl  +  C0  +  CO., ; 

4G,H,-,.G0.,Na  +  POCl., 
=  2(G„H,.G0),0  +  NaPOj  +  3NaCl. 

rrcparation.^l'om  100  grams  of  phosphorus 
oxychloride  over  500  grams  of  dry  sodium  ben- 
zoate contained  in  a  flask;  complete  the  re- 
action by  heating  to  150° ;  remove  sodium  salts  by 
washing  the  cooled  mass  with  dilute  sodium  car- 
bonate, and  purify  the  anhydride  by  distillation. 

Anschiitz  (A.  22(j,  15)  heats  benzoyl  chloride 
■with  anhydrous  oxalic  acid.  This  avoids  the 
formation  of  metallic  salts  altogether. 

Properties. — Bhombic  prisms,  melting  at  42° 
and  boiling  at  300°  (cor.).  Insoluble  in  water  ; 
readily  soluble  in  alcohol  and  ether. 

licactions. — Water  decomposes  it  very  slowly 
in  the  cold,  more  rapidly  on  boiling,  with  forma- 
tion of  benzoic  acid.  Towards  ammonia,  amido- 
and  imido-  compounds,  alcohols  and  phenols,  it 
behaves  like  benzoyl  chloride,  replacing  by  a 
benzoyl- group  a  hydrogen  atom  attached  to  nitro- 
gen or  oxygen.  For  this  reason  it  is,  like  ben- 
zoyl chloride  {g.v.),  used  as  a  reagent  for 
amido-,  imido-,  and  hydroxyl-  groups,  and  it  has 
the  advantage  over  the  latter  reagent  that  no 
hydrochloric  acid,  a  substance  which  has  a  very 
prejudicial  effect  on  many  organic  compounds, 
is  liber;ited  during  its  action.  F.  E.  J. 

BENZOIN  GUM  v.  Balsams. 

BENZOPURPURIN  v.  Azo-  colouring  mat- 

TJCRS. 

BENZOTRICHLORIDE  v.  Toluene,  chlor- 
ine T)El;lVA'tIVi:R  OF. 

BENZOYL  CHLORIDE G,H,0C1  =  G, H,.COCI. 

First  obtained  by  Liebig  and  Wohler,  by  jjassing 
chlorine  into  benzaldehyde  (A.  3,  202).  By  the 
action  of  phosphorus  pentachloride  on  benzoic 
acid  (Cahours,  A.  Ch.  [3],  23,  334). 

Preparation. —  Benzoic  acid  is  heated  with 
slightly  more  than  the  molecular  proportion  of 
Ijho.sphorus  pentachloride  : 

C,H,.GOOH  +  PCI,  =  C.,H-.C0C1  -i-  POCl,  +  FlCl. 
The  resulting  benzoyl  chloride  is  freed  from  the 
phosphorus  oxychloride  by  fractional  distillation. 

Properties. —  Colourless  liquid,  with  a  pun- 
gent odour,    boiling   at  198-5°.     Its  vapour 
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attacks  the  eyes,  causing  a  flow  of  tears.  Sp.gr. 
1-21'22^  (Briihl.  A.  235,  11). 

Reactions.  —  Benzoyl  chloride  reacts  with 
wetter,  slowly  in  the  cold,  rapidly  on  heating, 
with  formation  of  benzoic  and  hydrochloric  acids. 
With  amvionia  it  fonus  bcii/.amide 

C^H,.C0.NI1, 
together  with  ammonium  chloride.  In  like 
manner  it  reacts  with  compounds  containing 
hydrosyl  ,  amido-,  or  imido-groups,  introducing 
benzoyl  in  place  of  hj'drogen,  and  is  therefore 
employed  in  organic  chemistry  as  a  test  for  the 
presence  of  these  groups  in  a  compound.  Thus 
with  alcohol  it  yields  ethyl  benzoate  ;  with  ani- 
line, licnzanilide  and  dibenzanilidc.     F.  It.  J. 

BENZOYL  SULPHONIC  IMIDE  v.  Sac- 
cu.viiiNi:. 

BENZYL  BLUE.  A  dye  made  by  the  Aktien- 
gcsellsehaft  fiir  Anilinfabrikation,  Berlin,  by 
substituting  three  atoms  of  hydrogen  in  rosani- 
line  by  three  benzyl  groups.  It  is  easily  soluble  in 
water,  dyes  silks,  wools,  and  cottons  (lleiniann's 
Fiirber-Zeit.  187i).  251  ;  Industrie-Bliitter,  SO,  3G0). 

BENZYL   CHLORIDE  v.  Toluene,  chlok- 

rXE   DEltlVATIVKS  OF. 

BENZYLDIPHENYLAMINE  v.  Dipuesyl- 

AMl.NK. 

BERBEEINE.  An  alkaloid  discovered  by 
Buchncr  in  1837  (A.  24,  228),  in  the  root  of 
Berbcris  vulgaris,  and  subsequently  found  by 
Biidoker  (A.  M,  384  ;  G9,  40)  in  Colombo  root 
(Jatcorhiza  jjalmata) ;  by  Perrins  in  Cosciniiim 
fcncstratum,  Hydrastis  cuinadcnsis,  Xanthor- 
rhiza  apiifolia,  and  other  plants  (C.  J.  15,  33'J)  ; 
and  by  Stenhouse  (Ph.  [3j  14,  455)  iu  the  bark 
of  Xi/lopia  pohjcarpa. 

Pleitniann  obtains  the  alkaloid  by  extracting 
the  root  with  alcohol ;  the  extract  is  evaporated, 
and  the  residue  treated  with  water  and  tillered. 
The  filtrate  is  neutralised  with  hydrochloric 
acid,  again  filtered,  and  an  excess  of  hydrochloric 
acid  is  added.  The  chloride  is  converted  into 
the  insoluble  sulphate  by  the  addition  of  sul- 
phuric acid  ;  this  is  filtered  oti,  decomposed  by 
barium  hydroxide,  tlie  excess  of  which  is  re- 
moved by  carbon  dioxide,  and  the  filtrate  is 
evaporated  to  dryness ;  the  residue  is  digested 
with  alcohol,  and  the  berberine  obtained  by 
precipitating  with  alcohol  (A.  26,  228). 

Lloyd  (I'h.  [3]  10,  125)  isolated  berberine 
from  the  root  of  Jfijdrastis  canadensis  by  ex- 
tracting the  powdered  root  with  alcohol,  cooling 
the  extract  with  ice,  and  precipitating  by  means 
of  sulphuric  acid.  The  impure  sulpliate  was 
added  to  lb  parts  of  water,  rendered  slightly 
alkaline  by  the  addition  of  ammonia,  and  then 
allowed  to  stand  for  24  hours.  The  lii]uid  was 
then  liltercd,  cooled  by  ice,  and  exactly  neutral- 
ised with  sulphuric  acid.  From  18  to  20  ounces 
of  the  sulphate  can  be  obtained  from  100  lbs.  of 
Hl/driislis. 

Berberine  is  obtained  from  the  sulphate  by 
precipitating  with  ammonia,  dissolving  the  pre- 
cipitate in  alcohol,  and  reprecipitating  by  etlier. 

According  to  Hesse  (B.  19,  3,100),  berberine 
is  accompanied  in  B.  viihjaris  by  four  other 
alkaloids.  Parsons  (Ph.  [3]  13,  40)  states  that 
B.  Aiiuifoliiim  contains  2'35  p.c.  of  berberine 
and  2-82  p.c.  of  oxyacanthine. 

The  composition  now  assigned  to  berberine  is 
Ca,H,:NO,  (Court  a.  Schmidt,  B.  10,  2,589), 


It  is  insoluble  In  ether  and  chloroform, 
soluble  in  4i  parts  of  water  at  21-C.,  and  is 
moderately  soluble  in  alcohol.  The  sulphate  is 
orange-yellow,  and  is  soluble  in  about  100  parts 
of  water  (Lloyd,  I.e.).  The  hydrochloride  is 
soluble  in  about  500  parts  of  water,  almost  in- 
soluble in  cold  alcohol,  ether,  and  chloroform ; 
its  sp.gr.,  according  to  Clarke,  is  1-397  at  19°'4C., 
whilst  that  of  the  platino-chloridc  is  1-758  at 
19°C.  (B.  12,  1,399). 

Berberine  on  oxidation  yields,  according  to 
Fleitmann  (A.  59,  00),  oxalic  acid  ;  Wcidel  (B.  12, 
410)  could  not  obtain  oxalic  acid,  but  found 
berberonic  or  pyridine-tri-carboxylic 
acid  C.H,X(COOH)^;  whilst  Schmidt  (B.  10, 
2,589),  with  alkaline  penuanganate,  isolated 
hemipic  acid  C|„H|„C\,2R.O,  melting  at  1C5°C., 
and  which,  according  to  \V.  H.  Perkin.  jun. 
(C.  J.  1888),  is  identified  with  that  obtained 
from  narcotine. 

By  dry  distillation  with  5  times  its  weight  of 
caustic  i)otash,  Bernheimcr  (ti.  13,  342 ;  C.  .1. 
[2j  40,  340),  obtained  ammonia,  quinoline,  and 
two  acids  previously  described  by  Hlasiwetz. 

By  treatment  with  a  limited  quantity  of 
potassium  permanganate,  W.  H.  Perkin,  jun., 
prepared  an  acid  C_.,H|-NO„,  m.p.  143  ,  and  two 
neutral  bodies  C..„H|'.Nt)s  and  C_.,H,„NO.. 

Berberine  may  be  detected  by  adding  to  the 
suspected  solution,  evaporated  to  dryness,  3 
drops  of  a  solution  prepared  by  dissolving  1  gram 
of  fused  zinc  chloride  in  30  grams  pure  concen- 
trated sulphuric  acid  and  adding  30  groms  of 
water,  and  again  evaporating  on  the  water-bath, 
when  a  yellow  colour  indicates  its  presence 
(Jorissen,  Ar.  Ph.  [3^  10,  380).  Czumpelik  (Lc. 
[3]  19,  03)  uses  a  similar  reaction,  but  prepares 
the  testing  solution  with  hydrochloric  acid. 
According  to  Mandelin  (.1.  3(>,  1,012),  vanadates, 
dissolved  in  sulphuric  acid  1 :  200,  give  with 
berberine  the  following  series  of  colours :  blue 
violet,  violet,  red  violet  to  red  brown. 

Used  in  medicine  as  a  tonic  (v.  B-vuderuy 
BOOT  and  Vi.c.r.TO-  .vlkaloii>s). 

BERENGELITE.  A  bituminous  resinous 
mineral  from  St.  Juan  de  Berengela,  Peru, 
melting  at  lOOX.,  soluble  iu  alcohol  and  ether. 
According  to  Dietrich,  specimens  from  Trinidad 
and  Arien,  Peru,  contained  71'84  C,  0-95  H,  and 
18-21  of  O  (C.  C.  80,  559).  Used  for  caulking 
ships. 

BERGAMOT.  The  Citrus  Bcrgaiiiia,a\siirieij 
of  citron  cultivated  iu  the  South  of  Europe, 
valued  for  the  essential  oil,  which  may  beobtaiued 
either  by  distillation  or  by  expression  from  tho 
rind  of  the  fruit. 

Bergamot  oil  is  best  obtained  from  the  rasped 
'  rind  lit  the  ripe  citron.  It  is  of  a  light  yellow 
I  colour,  and  of  an  agreeable  aromatic  odour. 
!  Sp.gr.  0-8825  at  22°.  It  solidifies  at  a  little 
j  below  0  C.  and  after  long  keeping  deposits  a 

sedinienl,  bcrgapteiic. 
I  Bergaptene,  Stearoptene  of  Berganiot  oil, 
'  Bergamot  camphor,  the  substance  precipitated 
by  the  oil  of  bergamot  after  long  keeping.  Ac- 
cording to  Mulder  and  Ohnie  (A.  31)  it  crys- 
tallises iu  needles,  melts  at  200"C.,  and  volatilises 
without  decomposition.  It  is  inodorous  and 
dissolves  in  boiling  water,  alcohol,  and  ether. 
Strong  sulphuric  acid  colours  it  red.  Heated 
with  nitric  acid  it  yields  oxalic  acid.  Contains 


BEZOAR. 


207 


6G'2  p.c.  C  and  3'8  y>.c.  fl.  Rational  formula 
unknown. 

BtEGMANN'S  POWDER.  An  explosive  com- 
posed of  60  parts  potassium  chlorate,  5  of 
pyrolusite,  and  45  of  bran,  sawdust,  or  tan  (J. 
37,  1,74S). 

BERLIN  BLACK.    A  black  varnish  drying 
with  a  dead  surface,  used  fur  coating  ironwork. 
BERLIN  BLUE   or  PRUSSIAN  BLUE  v. 

Cy.\^ii>es. 

BERNTHSEN'S  VIOLET.  Isothioninc.  H-Am- 
iinidothiodipliriujlimidc.  Formed  by  reducing 
;8-dinitrodiplienylamiue-sulphoxide  and  oxidis- 
ing the  leuco-base  with  ferric  chloride.  The 
hydrochloride  crystallises  in  needles.  Dyes  red- 
dish violet.  Isomeric  with  Lauth's  violet. 
Bernthsen,  A.  230,  133. 

BERTHIERlTE.  Iwn  sulpJiantimonitc  v. 
Anti.miiny. 

BERYLLIUM.  {Gluciiiiim.)  Symbol  Be. 
At.  w.  ;)-08  (Nilson  and  Petterson). 

Beryllium  occurs  as  silicate  in  plicnacitc ;  as 
silicate  of  beryllium  and  aluminium  in  euclase 
and  bci  yl ;  and  as  alnminate  in  crijsobcryl. 

It  is  obtained  by  the  interaction  of  beryllium 
chloride  and  sodium  vapours  in  hydrogen  gas, 
in  small  bright  globules  resembling  steel  in 
colour  and  hardness,  of  sp.gT.  2-1,  melting  below 
the  fusing  point  of  silver  and  oxidising  super- 
ficially before  the  blowpipe.  It  has  also  been 
prepared  in  small  hexagonal  prisms  or  tables. 
Powdered  beryllium  burns  brilliantly  when 
heated  in  air.  It  dissolves  readily  in  dilute 
hydrochloric  acid,  slowly  in  warm  dilute  sul- 
phuric acid,  and  very  slowly  in  hot  strong  nitric 
acid,  rapidly  in  potash  solution  with  evolution  of 
hydrogen.  It  has  no  action  on  water  even  at  a 
red  heat. 

Beryllium  belongs  to  the  group  of  metals  con- 
taining zinc,  magnesium,  and  cadmium.  It  forms 
a  white  oxide  BeO  and  a  white  gelatinous  hy- 
drate Be(HO)._, ;  a  white  deliquescent  chloride 
which  forms  double  chlorides  with  platinum,  tin, 
and  mercury,  and  also  forms  basic  chlorides. '  A 
nitrate  and  phosphate  and  normal  and  basic 
carbonates  and  sulphates  are  also  known. 

BERZELIITE.  An  arseniate  of  magnesia  and 
lime  found  at  Langbar  and  Wermland,  containing 
from  OS  to  CO  p.c.  of  As„0-. 

BESSEMER  STEEL  V.'liiON. 

BETAINE  i'.  Vegeto-alk.vloips. 

BETEL.  A  mixture  of  the  leaf  of  the  betel- 
pepper  [Piper  Betel)  with  the  fruit  of  Areca 
catechu  ox  h&te\  nutandc/ii/uf/jii  (lime  obtained  by- 
calcining  shells),  universally  used  by  the  people 
of  Central  anil  Tropical  Asia  as  a  masticatory. 

BETEL-NUT.    The  fruit  of  Areca  Catechu. 

BETH-A-BARRA  WOOD.  A  wood  imported 
from  the  West  Coast  of  Africa,  much  valued  for 
its  toughness  and  capability  of  receiving  a  high 
polish.  The  interstices  of  the  tibres  are  tilled 
with  a  yellow  crystalline  substance  which  can  be 
extracted  from  the  sawdust  by  heating  with  dis- 
tilled water  containing  a  little  sodium  carbonate, 
and  precipitating  the  resulting  claret-coloured 
solution  with  acetic  acid.  It  is  purified  by  re- 
peated crystallisations  from  80  p.c.  alcohol. 

It  differs  from  chrysophanic  acid  by  melting 
at  135°  instead  of  102^,  and  in  not  tonuing  a 
compound  with  alum  (Sadtler  a.  Rowland,  Am.  J. 
1881,  22)      For  tables  showing  the  difference 


in  tlic  reactions  of  brasilin,  ha'matoxylin,  san- 
talin,  and  l)eth-a-barra  v.  Am.  J.  11,  40,  and 
W.  J.  28,  537. 

BETORCIN  or/3-0RCINC,H„O.,.  A  substance 
obtained  by  tiie  decomposition  of  barbatic 
acid,  found  in  the  lichen  Usnca  barbata.  It  is 
less  soluble  in  water  than  orcin  and  gives  a 
deeper  crimson  colour  with  hypochlorites.  Kos- 
tanecki  has  obtained  it  by  the  action  of  nitrous 
acid  on  «i,-amido-|)-xylenol,  thus  showing  that  it 
is  a  dihydroxy-xylene  having  the  substituting 
groups  in  the  positions  CH„  CH^,  OH,  OH  =  1, 

4,  3,  5  (Stenhouse  a.  Groves,  C.  J.  37,  390 ; 
1  Lampartie,  A.  134,  248  ;   Menschutkin,  Bl.  2, 

428  ;  Kostanecki,  B.  19,  2,321). 
BETULA  RESIN  v.  Resins. 
BEZETTA.  Tuurnesol cn  drapcaux.  Schmiiik- 
lappchen.  Bezetla  rubra  ct  cccrnlca.    A  dye  or 
l^igment  prepared  by  dipping  linen  rags  in  solu- 
I  tions  of  certain  colouring  matters.    Red  bezetta 
I  is  coloured  with  cochineal,  and  is  used  as  a 
cosmetic. 

Blue  bezetta(T'o;(rK('soZ  cnclrnpcaux)  which  is 
chiefly  used  for  colouring  the  rind  of  Dutch 
cheeses,  is  prepared  at  Gallargues,  near  Nimes, 
in  the  department  of  Gard,  from  a  euphorbia- 
ceous  plant,  Chrozophora  tinctoria  or  Croto-.i 
tinctoria.  The  fruits  and  the  tops  of  the  plants 
are  gathered,  and  the  juice  being  expressed,  rags 
of  coarse  cloth  are  dipped  into  it,  then  dried,  and  af- 
terwards exposed  to  the  fumes  of  mules'  or  horses' 
dung.  This  last  operation  is  called  aluminadou. 
The  cloths  are  turned  from  time  to  time,  to  ensure 
uniform  colouration  and  prevent  any  part  from 
being  exposed  too  long  to  the  fumes  of  the  dung, 
which  would  turn  them  yellow.  They  are  then  dried 
a  second  time,  again  soaked  in  the  juice,  mixed 
this  time  with  urine, and  lastly  exposed  forsomc 
time  to  the  action  of  the  sun  and  wind.  The 
quantity  thus  manufactured  amounts  to  about 
50  tons  yearly.  The  blue  of  bezetta  is  reddened 
by  acids  like  litmus,  though  not  so  quickly,  but 
dilfers  from  the  latter  in  not  being  restored  by 
alkalis.  According  to  Joly,  the  same  dye  may 
be  obtained  from  other  euphorbiaceous  plants, 
Chrozophora  oblongata,  C.  plicata,  Croton  tri- 
cuspidatum,  Mercurialis  perenuis,  and  31.  to- 
viciitosa.  The  juice  exists  in  all  these  plants  in 
the  colourless  state,  and  turns  blue  only  on  ex- 
posure to  the  air  (Handw.  d.  Chem.  2  [1]  1,030  ; 
Gerh.  Traite,  3,  820). 

BEZOAR.  This  name,  which  is  derived  from 
a  Persian  word  signifying  an  antidote  to  poison, 
was  given  to  a  concretion  found  in  the  stomach 
or  intestines  of  an  animal  of  the  goat  kind,  Capra 
cpgragus,  which  was  once  very  highly  valued  for 
this  imaginary  quality,  and  has  thence  been 
extended  to  all  concretions  found  in  animals. 

According  to  Taylor  (P.  M.  No.  180,  36, 
and  No.  180,  192)  bezoars  may  be  divided 
into  nine  varieties : — 1.  Phosphate  of  calcium, 
which  forms  concretions  in  the  intestines  of  many 
mammalia.  2.  Phosphate  of  magnesium;  semi- 
transjiarent  and  yellowish,  and  of  sp.gr.  2-160. 
3.  Phosphate  of  ammonium  and  magnesium  ;  a 
concretion  of  a  grey  or  brown  colour,  composed  of 
radiations  from  a  centre.   4.  Oxalate  of  calcium. 

5.  Vegetable  tibres.  6.  Animal  hair.  7.  Ambergris. 
8.  Litliofellic  acid.   9.  Ellagic  or  bezoardic  acid. 

Of  true  bezoars  there  are  three  kinds,  Oriental, 
Occidental,  and  German.    The  true  Oriental  be-. 
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zoars  found  In  the  Capra  agragm,  the  gazelle 
{Antilope  Dorcas),  and  other  ruminant  animals, 
are  spherical  or  oval  masses,  varying  from  the 
size  of  a  pea  to  that  of  the  fist,  and  composed  of 
concentric  layers  of  resinous  matter  with  a 
nucleus  of  some  foreign  substance,  such  as  pieces 
of  bark  or  other  hard  vegetable  matter  which 
theanimal  has  swallowed.  They  have  a  shining 
resinous  fracture,  are  destitute  of  taste  and  odour, 
nearly  insoluble  in  water  and  aqueous  hydrochloric 
acid,  but  soluble  for  the  greater  part  in  potash- 
lye.  These  characters  suffice  to  distinguish  the 
Oriental  bezoars  from  those  varieties  which  con- 
tain a  considerable  quantity  of  inorganic  matter. 
There  are  two  kinds  of  them,  the  one  consisting 
of  ellagic,  tlic  other  of  lithofellic  acid.  The  latter 
have  a  more  waxy  lustre  and  greener  colour  than 
the  fonner,  and  are  also  distinguished  by  their 
smaller  sp.gr.,  viz.  I'l,  while  that  of  the  ellagic 
acid  stones  is  1-6.  They  contain,  besides  litho- 
fellic acid,  a  substance  resembling  the  colouring 
matter  of  bile,  and  are  perhaps  biliary  calculi. 
Oriental  be/.oars  are  greatly  prized  in  Persia  and 
other  countries  of  the  East  for  their  supposed 
medicinal  proiJerties.  The  Shah  of  Persia  sent 
one  in  1808  as  a  present  to  Napoleon.  The 
Occidental  bezoars  are  found  in  the  lama  {Au- 
chenin  Lama)  and  in  A.  Vicunna.  They  resemble 
the  Oriental  in  external  appearance,  but  differ 
totally  in  their  chemical  characters,  inasmuch 
as  thoy  consist  chiefly  of  phosphate  of  calcium, 
with  but  little  organic  matter. 

German  bezoars,  which  are  chiefly  obtained 
from  the  chamois  or  gemsbock  {Antilope  rupi- 
capra),  consist  chiefly  of  interlaced  vegetable 
fibres  or  animal  hairs  bound  together  by  a 
leathery  coating. 

BICUHYBA  FAT  is  expressed  from  the  seeds 
of  Mijristica  bicuiba  or  M.  officinalis,  a  plant 
found  in  Brazil.  The  nuts  have  a  wrinkled, 
easily-broken,  dark  shell ;  the  kernel  is  about 
the  size  of  a  nutmeg,  red  or  yellowish-white  in 
colour,  with  a  rancid  taste,  followed  by  a  bitter 
after-taste.  The  seeds  contain  59  6  p.c.  of  fats, 
the  shells  contain  2-G  p.c,  and  the  kernels  free 
from  the  husks  70  p.c.  By  pressing  under  a 
pressure  of  300  atmospheres  at  50°C.,  8(50  lbs. 
of  nuts  yielded  410  lbs.  of  fat,  or  17  5(')  p.c. 

Brandes,  in  1833  (A.  7,  52),  confounded  it 
with  nutmeg  butter;  Lewy,  in  1814  (A.  Ch.  [3] 
13,  450),  describes  it  as  a  yellowish-white  wax, 
soluble  in  hot  alcohol  and  melting  at  35° ; 
Peckolt  (Ar.  Ph.  1,577,  158,  258)  found  it  melted 
at  47'5  and  solidified  at  25^.  He  also  isolated  an 
acid  bicuhy bastearic  acid,  melting  at  55^. 
Noerdlinger  (B.  18,2,017)  finds  that  the  fats  vary 
in  colour  from  dark  yellow  to  brown,  melt  at 
temperatures  between  42°  and  45°,  and  solidify 
between  32°  and  33°.  In  the  shells  he  finds 
another  wax-like  body,  only  slightly  soluble  iu 
hot  ether,  which  melts  at  74-75°,  and  solidifies 
at  71-72°. 

It  contains  a  glyceride  of  myristic  acid 
(Noerdlinger,  I.e.)  and  triniyristin  (Will.  a. 
lleimcr,  B.  18,  2,011),  and  otlior  substances  not 
yet  investigated. 

Its  use  has  been  suggested  iu  llu'  iiKuuifiu'ture 
of  so.'ips  ;  those  made  from  it  have  a  pleasant 
cocoa-lilic  smell. 

BIDBY.  An  Indian  alloy  of  zinc,  copper, 
and  lead,  and  occasionally  tin.    Articles  of  this 


alloy,  after  being  turned  in  a  lathe  and  engraved, 
are  blackened  by  immersion  in  a  solution  of  sal 
ammoniac,  nitre,  common  salt,  and  copper  sul- 
phate.   Kniiwn  al>o  as  Vidri/. 

BIEBRICH    SCABLET    c.    Azo-  colocrixo 

MATTi;i:S. 

BILBERRY.  (Ger.  Eeidclbeere.)  The  juice 
of  this  berry  (Vaccinium  Myrtilhis,  L.)  is  used 
for  colouring  wines.  Andree  (Ar.  Ph.  [3]  13, 
90 ;  B.  13,  582),  states  that  it  is  impossible 
to  make  certain  whether  the  juice  has  been 
used  for  colouring  a  wine,  as  the  colouring 
matter  of  grapes  and  of  bilberries  behaves  in 
almost  an  identical  way  with  reagents.  The 
spectroscope  also  fails  to  distinguish  between 
the  two  colours.  According  to  Griessmayer 
(C.  C.  8,  381),  ammonia  turns  bilberry  juice  a 
brownish-green,  nitric  acid  in  the  cold  blue 
changing  to  red  and  becoming  orange  on  boiling ; 
lead  acetate  gives  a  blue  jirecipitate,  copper  sul- 
phate a  violet  colour,  sodium  carbonate  a  blue- 
black,  and  borax  an  amaranthus  red. 

BIRCH  BARK.     (Bitttlu.)    (Birkc,  Ger.; 
Boulcaii,  ¥r.)    The  inner  bark  is  used  in  Iiidia 
as  a  substitute  for  paper  and  for  lining  the  roofs 
of  houses  (Dymock,  P.  J.  T.  [3]  10,  601).  A 
specimen  of  bark  from  Triedrichsrub  contained 
3  98  p.c.  easily  soluble  and  0-97  p.c.  dillicultly 
soluble  tanning  materials,  yielding  a  good  bright 
leather  (W.  J.  30,  1,200).  Contains  a  crystalline 
i  substance  termed  betulin,   Cj^H,;(,0„  which 
I  melts  at  258°,  and  sublimes  w^itliout  decom- 
I  position. 

I  BIRD-LIME.  {Gilt.  Fr. ;  TogeUcivi,  Ger.) 
'  Bird-liuu',  from  Ilex  Aquifoliiim,  was  found  by 
Personne  to  consist,  in  addition  to  vegetable 
debris  and  water,  of  calcium  oxalate,  caoutchouc, 
and  ethereal  salts  of  a  solid  crystalline  substance, 
ilicic  alcohol,  C,^.H„0,  m.p.  175°,  with  undeter- 
mined fatty  acids. 

According  to  Divers  and  Kawakita,  Japanese 
bird-lime,  made  from/,  i/f^vycrt,  contains  ethereal 
salts  of  palmitic  acid,  and  in  very  small  quantity 
I  a  semi-solid  acid,  the  calcium  salt  of  which  is 
j  soluble  in  ether  and  in  alcohol.    Japanese  bird- 
'  lime  also  yields  two  very  similar  alcohols  by 
j  hydrolysis,  one  dilTering  only  slightly  from  ilicic 
I  alcohol,  and  termed  ilici/lic  alcoJiol,  C^._.H„0, 
j  m.p.  172°,  and  another  named  mochi/lic  alcohol, 
C.^H„;0,  m.p.  234°,  from  viochi,  the  Japanese 
word  for  bird-lime. 

Caoutchouc  is  also  present  in  Japanese  bird- 
lime to  the  extent  of  about  0  p.c,  but  only 
minute  quantities  of  oxalates.  By  distillation 
bird-lime  yields  much  palmitic  acid  and  a  thick 
oilv  hvdrocarbon,  C,  H„  (Divers  and  Kawakita, 
C.J.  1888). 

BIREEZ.    Persian  name  for  gum  galbanum 

(Dymock.  I'll.  r:i^  <).  l.OKi). 

'BISMARCK     BROWN    r.    Azo-  colouuino 

UATTKHS. 

BISMDTH.  Bismuth.   {E tain  de  glace,  Fr. ; 

Wismiith,  Ger.)     Symbol  Bi.    At.  w.  207-5 

(Schneider,  Lowe). 

Occitircncc. —  Metallic    bismuth  occurs  in 

small  quantities  in  widely  distributed  localities, 
{  usually  with  other  ores,  such  as  those  of  cobalt, 

nickel,  copper,  silver,  lead,  and  tin.    It  is  found 

massive,  granulated,  reticulated  or  arborescent, 
'  associated  with  arsenic  aud  silver,  and  occa- 
I  sionally  iron. 
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The  principal  district!?  are  Adelaide  in  South 
Australia,  Altenberg,  Schneeberg,  Annaberg, 
Marienberg,  Joachimsthal,  Johanngeorgenstadt, 
Lolling  in  Carinthia,  Fahlun,  Sweden,  and  New 
South  Wales.  In  small  quantities  it  occurs  at 
Huel  Sparnon,  Cornwall,  Carrick  Fells,  Alva, 
Stirlingshire,  and  in  Bolivia.  Alloyed  with  04 
p.c.  gold  it  occurs  at  Maldon,  Victoria.  Alloyed 
with  tellurium  it  occurs  as  tctradymite  in  Cum- 
berland. An  alloy  of  bismuth  with  3  p.c.  arsenic 
occurs  at  Palmbaum  near  IMarienberg. 

Bismuth  sulphide  is  widely  distributed  in 
small  quantities,  being  found  in  Saxony,  Sweden, 
South  Australia,  America,  and  Cumberland.  A 
sulphide  of  bismuth,  copper,  and  lead  occurs  as 
needle  ore,  aciculite,  or  pair initc. 

As  oxide  or  bismuth  ochre  it  is  found  as  a 
yellow  substance,  frequently  as  a  coating  on 
other  minerals,  associated  with  iron  and  other 
impurities,  at  Schneeberg,  Joachimsthal,  Beresof 
in  Siberia,  and  in  New  South  Wales.  The  jsrin- 
cipal  ore  in  Bolivia,  which  is  stated  by  Domeyko 
to  be  the  richest  country  in  bismuth,  is  a  com- 
pact earthy  hydrated  oxide. 

Bismuth  occurs  as  carbonate  or  bismuthite, 
usually  containing  carbonates  of  iron  and  copper, 
at  Meymac,  with  antimony,  arsenic,  lead,  iron, 
and  lime  ;  in  Mexico,  whence  it  is  imported  to 
this  country ;  North  Carolina,  and  other  localities. 

Bismuth  is  stated  to  occur  in  most  sulphu- 
rous copper  ores  in  about  the  same  proportions 
as  silver  in  galena,  in  other  copper  ores  except 
the  carbonate,  and  in  most  samples  of  commer- 
cial copper  and  copper  coins  (Field  and  Abel, 
C.  J.  1(5,  .304,  and  Field,  C.  N.  3G,  201). 

Extraction. — At  Schneeberg  in  Saxony  the 
ore  worked  is  principally  metallic  bismuth  occur- 
ring in  ores  which  contain  silver,  lead,  tin,  and 
arsenic  in  gneiss  and  clay-slate. 

The  ore,  which  contains  from  7  to  12  p.c. 
bismuth,  is  sorted  by  hand  as  far  as  possible  from 
the  gangue  before  treatment.  The  old  method 
of  liquation  or  '  sweating  '  is  still  used,  but  is  be- 
coming sujjerseded  by  smell  ing  processes  in  which 
the  metal  is  much  more  perfectly  extracted. 

Liquation. — In  this  process  the  metal  is 
separated  as  far  as  possible  from  the  gangue  by 
melting  at  a  low  temperature.  The  picked  ore 
is  broke.'i  into  pieces  as  large  as  a  hazel  nut,  and 
placed  in  inclined  iron  tubes  in  charges  of  about 
12  cwts.,  sutlicient  space  being  left  in  the  tube  for 
stirring  the  ore  from  the  upper  end  (figs.  1,  2,  3). 
The  tubes  are  closed  at  the  upper  ends  by  plates 
of  iron,  and  at  the  lower  ends  by  similar  plates 
containing  circular  apertures  through  which  the 
molten  metal  may  run.  The  ends  of  the  tubes 
project  slightly  beyond  the  walls  of  the  furnace, 
the  upper  over  a  tank  and  the  lower  ends  over 
iron  crucibles  which  contain  powdered  charcoal, 
and  which  are  gently  heated  from  below  by  a 
small  charcoal  furnace.  The  tubes  are  heated 
so  as  to  cause  the  metal  to  flow  easily,  and  in 
about  ten  minutes  the  bismuth  commences  to 
pass  out  into  the  crucibles,  being  there  covered 
by  the  charcoal  and  thus  protected  from  oxi- 
dation. The  ore  is  occasionally  stirred  with  an 
iron  rod  from  the  upper  end,  and  in  from  thirty 
to  sixty  minutes  the  operation  is  completed. 
The  residues,  graupen  or  bismuth  barley,  are 
raked  from  the  upper  end  into  the  tank,  and  at 
once  replaced  by  fresh  ore.    In  this  manner  only 


about  two-thirds  of  the  bismuth  is  extracted.  20 
cwts.  of  ore  require  03  cubic  feet  of  wood.  The 
contents  of  the  pots  are  removed  by  ladles  to 
moulds  and  cast  into  ingots  of  25  to  50  lbs. 
weight. 

Sulphurous  ores  are  usually  roasted  to  re- 
move sulphur,  and  then  smelted  in  with  iron 
(to  remove  the  last  traces  of  sulphur),  carbon, 
and  slag.  The  regulus  of  bismuth  thus  obtained 


Fig.  1. 

is  fused  on  an  inclined  iron  plate  and  run  down, 
leaving  a  dross  containing  much  of  the  impurity. 
Bismuth  ores  are  sent  from  Joachimsthal  and 
worked  by  this  process  at  Schneeberg. 


Fig.  2. 

The  following  analyses  of  two  tyi^ical  samples 
show  the  composition  of  commercial  bismuth  : 
From  Saxony — Bismuth  99  77  p.c,  copper 
0'08,   silver  0  05,   sulphur  010 ;   iron  trace. 


[a - 

!l 

Fio.  3. 

From  Joachimsthal — Bismuth  99'32  p.c,  lead 
0-30,  silver  0-38  ;  iron  and  copper  traces ; 
sulphur  none.  About  10,000  lbs.  of  bismuth 
are  annually  produced  at  Schneeberg. 

At  Joachimsthal  a  method  devised  by  K. 
Yogel  is  used  (D.  P.  J.  107,  187)  for  extract- 
ing bismuth  from  ores  free  from  lead.  The 
ores,  which  usually  contain  from  10  to  30  p.c. 
bismuth,  are  mixed,  according  to  their  richness, 
with  23  to  30  p.c.  iron  turnings,  15  to  50  p.c. 
sodium  carbonate  (according  to  the  amount  of 
gangue  present),  5  p.c.  lime,  and  5  p.c.  fluor- 
spar. The  mixture  is  introduced  in  charges  of 
about  1  cwt.  into  clay  crucibles,  23  inches  high 
and  16  inches  wide  at  the  mouth,  covered  and 
heated  in  a  wind  furnace  to  tranquil  fusion,  and 
poured  into  conical  moulds.  The  liquid  sepa- 
rates into  three  layers,  the  upper  consisting  of 
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slag,  ihe  scconil  of  a  speiss  containing  the  arse- 
nic, sulphur,  nickel,  cobalt,  and  iron,  and  most 
of  the  other  impurities  with  about  2  p.c.  of 
bisnmth,  and  the  lower  consisting  of  a  regulus 
of  nearly  pure  bismuth.  The  metal  is  again 
fused  and  remoulded  (see  Kerl,  Handb.  der  Met. 
Hiittenkunde). 

A  similar  process  has  been  adopted  by  Patera 
(J.  1S()2,  646)  for  the  extraction  of  bismuth  from 
refinery  residues. 

In  France  the  carbonate  of  bismuth  imported 
from  MejTiiac  is  dissolved  in  the  minimum 
quantity  of  hydrochloric  acid  and  pieces  of  iron 
inserted  in  the  slightly  acid  liquid.  The  bismuth 
is  thus  precipitated  as  a  black  powder,  which  is 
well  washed  and  fused  in  a  plumbago  crucible 
under  a  lay«r  of  charcoal  at  as  low  a  tempera- 
ture as  possible  (Ad.  Carnot,  A.  Ch.  [5]  1,  405, 
and  Bl.  21,  114). 

For  the  extraction  of  bismuth  for  pharma- 
ceutical puiiioscs  from  sulphurous  ores,  Valen- 
ciennes roasts  the  ore  on  the  level  bed  of  a  re- 
verberatory  furnace  for  24  hours  with  the  occa- 
sional addition  of  charcoal  and  frequent  stirring 
with  an  iron  rabble.  When  the  sulphur  has 
thus  been  evolved  the  ore  is  mixed  with  about 
30  p.c.  charcoal,  and  a  mixture  of  chalk,  salt, 
and  fluorspar,  and  again  fused  in  a  reverberatory 
furnace.  From  5  to  8  p.c.  of  the  bismuth  is  lost 
by  this  process,  but  this  is  compensated  by  the 
extra  purity  of  the  product.  By  subsequent 
fusion  with  nitre  the  antimony,  arsenic,  and 
sulphur  are  removed,  and  by  the  ordinary  wet 
methods  the  load,  copper,  and  silver  are  elimi- 
nated (M.  A.  Valenciennes,  A.  Ch.  [5]  1,  397). 
Ores  of  bismuth  averaging  60  p.c.  bismuth  are 
imported  into  England  to  the  extent  of  about 
40  tons'  aimually,  principally  from  Adelaide,  S. 
Australia,  and  from  Mexico.  They  are  usually 
fused  in '  black-lead  pots  with  borax,  sodium 
carbonate,  and  a  little  crude  tartar. 

H.  Tamm  (C.  N.  25,  85)  states  that  bismuth 
can  be  separated  from  ores  containing  much 
copper  by  fusion  with  an  alkaline  flux  containing 
free  sulphur,  in  which  case  tlie  copper  remains 
unreduced.  He  recommends  a  mixture  of  5  parts 
sodium  carbonate,  2  salt,  1  sulphur,  1  carbon,  to 
be  mixed  in  about  equal  proportions  with  the 
ore.  The  liismuth  jiroduced  is  stated  to  be 
much  more  free  than  usual  from  arsenic,  anti- 
mony, and  lead,  but  about  8  p.c.  of  the  total 
bismuth  is  lost.  The  bismuth  present  in  small 
quantities  in  lead,  copper,  and  silver  ores  fre- 
([ucntly  becomes  concentrated  in  the  secondary 
jiroducts  of  the  metallurgical  processes  and  may 
then  be  profitably  extracted.  In  the  oxidation 
of  silver-lead  containing  bismuth,  the  lead  oxi- 
dises much  more  rapidly  than  the  bismuth,  and 
at  the  close  of  thecupellationa  blackish  litharge 
rich  in  bismuth  is  obtained,  from  which  that 
metal  may  be  extracted  by  reduction  and  cupcl- 
lation  (.J.  12,  711).  In  this  manner  bismutli 
becomes  concentrated  in  the  blicksilbcr  in  the 
retinenient  of  silver  ores  at  Freiberg,  and  passes 
into  the  hearth  bottom.s,  as  much  as  25  p.c.  being 
sometimes  so  absorbed.  When  the  hearths  con- 
tain sullicicnt  bismuth  to  be  profitably  extracted 
thoy  are  finely  ground  and  treated  with  hydro- 
chloric acid,  with  the  finination  of  bismuth 
cliloride.  Water  is  added  to  the  solution  to 
precipitate  the  metal  as  oxychloride,  and  the  pre- 


\  cipitate  is  collected,  wa.shed,  dried,  and  reduced 
to  metal  by  fusion  with  charcoal,  sodium  car- 
I  bonate,  and  i)owdered  glass  (f.  Phillips's  Metal- 
1  lurgj-). 

On  the  extraction  of  bismuth  from  its  ores  v. 
also  Winckler  (Ber.  Entwick.  Chem.  Ind.  1,  953). 

Purification. — The  crude  bismuth  produced 
by  the  above  methods  contains  a  variety  of 
impurities  from  which  it  is  important  in  many 
!  cases  to  separate  it.    These  impurities  are  sul- 
phur, arsenic,  antimony,  copper,  nickel,  cobalt, 
!  silver,  lead,  and  a  trace  of  iron. 
I       Sulphur  and  arsenic  may  be  removed  by 
,  fusion  with  jj  of  its  weight  of  potassium  nitrate, 
\  with  constant  stirring  at  a  temperature  shghtly 
above  the  temperature   of  fusion;  the  nitre 
soon  oxidises  the  impurities  and  a  little  of  the 
bismuth,  forming  with  them  a  slag  which  rises 
and  solidifies  at  the  surface.    For  the  complete 
removal  of  these  impurities  a  second  fusion  is 
frequently  necessary. 

C.  M6hu  (Ph.  [3]  4,  341)  recommends  the 
following  process  for  the  removal  of  sulphur  and 
arsenic.  The  metal  is  heated  considerably  above 
the  melting-point  in  a  vessel  so  as  to  expose  a 
large  surface,  and  the  oxide  is  removed  to  the 
sides  as  fast  as  it  forms  until  about  one-fourth  of 
the  metal  has  become  oxidised ;  the  greater  part 
of  the  sulphur  and  arsenic  will  then  have  passed 
off  as  oxides.  The  mass  is  cooled,  pulverised, 
and  mixed  with  charcoal,  dried  soap,  and  potas- 
sium carbonate  (free  from  sulphate),  about  one- 
fourth  of  the  original  weight  of  the  metal,  in  a 
crucible,  covered  with  charcoal  and  heated  to 
redness  for  one  hour.  It  is  thence  removed  and 
again  fused  in  contact  with  air  to  remove  the 
potassium  which  it  contains,  and  which  sepa- 
rates as  a  white  film  on  the  surface.  Arsenic 
j  may  also  be  mostly  removed  by  fusion  for  a  con- 
j  siderablc  time  under  a  layer  of  charcoal.  Arsenic, 
sulphur,  and  most  of  the  antimony  may  be 
eliminated  by  fusion  at  a  bright-red  heat  under 
borax,  stirring  with  a  rod  of  iron  until  the  action 
I  ceases.  The  iron  combines  with  the  inipuri- 
1  ties  and  rises  as  a  ditlicullly  fusible  slag  to 
j  the  surface,  from  beneath  which  the  still  liquid 
metal  may  be  poured  after  partial  cooling. 

For  the  complete  removal  of  antimon;/,  2  or 
3  parts  of  bismuth  oxide  for  each  part  of  anti- 
mony supposed  present  are  fused  with  the 
metal.  Tlie  oxide  of  bismuth  then  gives  up  its 
oxygon  to  the  antimony,  becoming  itself  reduced 
;  and  the  antimonious  oxide  floating  on  the  sur- 
I  face. 

i       Hugo  Tamm  (C.  N.  25,  85)  recommends  for 
I  the  removal  of  copper  the  fusion  of  the  metal 
j  at  a  low  temperature  under  1  part  of  a  mixture 
i  of  8  potassium  cyanide  and  3  sulphur.  When  the 
action  has  ceased  the  mass  is  stirred  with  a  clay 
(not  iron)  rod,  cooled  until  the  Hux  has  set  and 
the  metal  poured  out  from  beneath.    If  impure 
cyanide  is  used  a  relatively  larger  quantity  is  re- 
quired. 

I  Iron  may  be  completely  removed  according 
to  H.  Tiirach  (.1.  pr.  Chem."  [2]  14,309)  by  fusion 
under  a  layer  of  potassium  chlorate  containing 
from  2  to  5  p.c.  sodium  carbonate. 

From  silver  bismuth  may  be  separated  by 
cupellalion  and  subsequent  reduction  of  the 
bismuth  oxide  so  produced,  or  the  metal  may  be 
dissolved  in  nitric  acid,  the  silver  precipitated 
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with  hydrochloric  acid,  the  solution  filtered,  and 
the  basic  salt  of  bismuth  precii^itated  by  excess 
of  water,  and  reduced  to  metal. 

Silver  can  be  partially  removed  from  bismuth 
by  a  process  resembling  Pattinson's  process  for 
lead  (Schneider,  .1.  pr.  [2]  23,  75). 

For  the  separation  of  gold  and  silver  E. 
Matthey  (Pr.  42,  89,94)  recommends  the  addition 
of  2  p.c.  of  zinc  to  the  molten  metal.  The  mass 
is  gradually  cooled  and  the  surface  crust  re- 
moved. This  operation  is  repeated,  whereby 
the  whole  of  the  precious  metals  are  concen- 
trated in  the  skimmings.  On  fusing  these  in  a 
crucible  with  borax  the  gold  and  silver  are  freed 
from  impurities  by  the  action  of  the  oxide  of 
bismuth,  and  sink  to  the  bottom.  To  separate 
the  last  traces  of  these  metals  from  the  slag,  it 
is  again  fused  with  bismuth. 

Lead  may  be  precipitated  from  a  nitric  acid 
solution  of  the  metal  by  the  addition  of  sul- 
phuric acid,  and  the  bismuth  recovered  as  already 
described.  It  may  also  be  separated  from  the 
fused  metal  by  repeated  crystallisations,  the 
alloy  of  bismuth  and  lead  melting  at  lower  tem- 
peratures than  the  purer  bismuth.  E.  Matthey 
has  thus  by  four  crystallisations  reduced  the 
percentage  of  lead  from  12  to  0'4  p.c.  (Pr.  42,  93). 
For  the  separation  of  copper  from  bismuth  which 
has  been  previously  freed  from  arsenic,  anti- 
mony, lead,  &c.,  E.  Matthey  (Pr.  43,  172)  re- 
commends its  fusion  with  bismuth  sulphide. 
The  pure  metal  obtained  amounts  to  90  p.c.  of 
the  crude  material,  while  the  remaining  bismuth 
sulphide  containing  copper  sulphide  may  be  re- 
smelted. 

CheviicaTly  pure  bismnth  is  best  jsrepared  by 
dissolving  the  commercial  metal  in  nitric  acid, 
decanting  from  any  residue,  and  adding  excess 
of  water,  whereby  the  bismuth  is  precipitated  as 
basic  nitrate,  leaving  the  impurities  in  solution. 
The  precipitate  is  well  washed  by  decantation, 
dried,  mixed  with  black  flux  or  other  reducing 
agent  which  produces  a  readily  fusilile  flux,  and 
I'educed  at  a  gentle  heat  in  a  crucible. 

Properiies. — Bismuth  is  a  greyish  white 
crystalline  metal  of  distinctly  red  tinge  when 
compared  with  whiter  metals  such  as  zinc  or 
antimony.  It  is  very  brittle  and  easily  powdered, 
and  a  bad  conductor  of  heat  and  electricity.  Its 
tenacity  is  very  small,  a  rod  2  mm.  in  diameter 
will  just  support  a  weight  of  14'19  kilos  (Mus- 
chenbroeck).  It  forms  fine  obtuse  rhorabohedral 
crystals,  which  approach  very  closely  to  the  form 
of  cubes.  Bismuth  melts  at  2()8-3''C.  {v.  Eiems- 
dijk  and  Iludberg)  and  boils  at  a  temperature 
between  the  melting-points  of  copper  and  nickel, 
i.e.  between  1090°  and  14.50°C.  (Carnelley  and 
Carlton  Williams),  condensing  in  laminre.  Its 
sp.gr.  at  12°C.  is  9'823.  Scheerer  and  Mar- 
chand  have  stated  that,  on  exposure  to  great 
pressure,  the  density  of  bismuth  is  loicered.  W. 
Spring,  however,  has  shown  that  the  density  is 
thereby  increas''d.  By  exposure  of  bismuth  of 
density  9-804  to  a  pressure  of  20,000  atmospheres 
the  density  was  raised  to  9'856  ;  a  second  com- 
pression still  further  increased  the  density  to 
y-8G3  (B.  16,  2,724).  It  is  stated  that  by  careful 
haiimiering  its  density  may  be  raised  to  9  88. 

Bismuth  expands  in  cooling.  Tribe  (C.  .1.) 
has  shown  that  this  expansion  does  not  take 
place  until  after  solidification. 


Exposed  to  dry  air  bismuth  remains  un- 
altered at  the  ordinary  temperature,  but  in  moist 
air  or  in  contact  with  water  it  becomes  coated 
with  oxide.  When  heated  in  air  it  burns  with  a 
bluish  flame  evolving  yellowish  fumes  of  oxide. 
At  high  temperatures  it  decomposes  water. 

Cold  sulphuric  acid  has  no  action,  but  the 
hot  concentrated  acid  dissolves  bismuth.  Hy- 
drochloric acid  acts  but  slowly.  Nitric  acid, 
dilute  or  strong,  dissolves  it  readily  with  the 
formation  of  nitrate.  Powdered  bismuth  thrown 
into  chlorine  gas  ignites  with  the  formation  of 
trichloride.  It  also  unites  directly  with  bromine, 
iodine,  and  sulphur. 

When  comparativelypure,  bismuth  crystallises 
readily.  To  obtain  it  in  the  form  of  fine  crystals 
it  is  melted  and  allowed  to  cool  until  a  crust 
has  formed ;  the  crust  is  pierced  on  opposite 
sides  with  a  hot  iron,  and  the  still  liquid  portion 
poured  through  one  of  the  openings.  On  careful 
removal  of  the  crust  the  sides  of  the  vessel  are 
found  covered  with  crystals,  frequently  resem- 
bling hollow  iiyramidal  cubes  like  those  of  salt, 
but  which  are  in  reality  obtuse  rhombohedra. 
Their  iridescent  lustre  is  due  to  a  very  thin 
film  of  oxide  which  shows  the  colour  character- 
istic of  thin  plates. 

Bismuth  is  the  most  diamagnetic  substance 
known,  a  bar  of  the  metal  placing  itself  equa- 
torially  between  the  poles  of  a  magnet,  i.e.  at 
right  angles  to  the  position  taken  up  by  a  bar  of 
iron.  Bismuth  also  occupies  an  extreme  place 
in  the  thermo-electric  series,  being  used  with 
antimony  in  the  preparation  of  the  most  delicate 
thermopiles. 

Anahj&is.  —  k\l  compounds  of  bismuth  when 
mixed  with  carbon  or  other  reducing  agent  and 
fused  before  the  blowpipe  give  a  brittle  while 
bead  of  metal  and  a  yellow  incrustation  on  the 
charcoal  darker  than  that  of  oxide  of  lead. 

Salts  of  bismuth  in  solution  give  on  addition 
of  excess  of  water  a  white  precipitate  of  basic 
salt,  which  is  insoluble  in  tartaric  acid,  and 
I  blackens  with  sulijhuretted  hydrogen  (distinction 
from  antimony). 

Metallic  iron,  copper,  lead,  and  tin  precipitate 
metallic  bismuth  from  solutions. 

Estimation.  — The  substance,  if  in  the  solid 
state,  is  dissolved  in  nitric  a^id,  diluted  slightly 
(not  sufficient  to  produce  a  precipitate),  filtered  if 
'  necessary,  and  precipitated  as  carbonate  by  the 
addition  of  ammonium  carbonate  in  excess. 
The  liquid  is  heated  nearly  to  boiling  and  left 
for  some  hours  in  a  warm  place,  filtered,  washed 
and  dried.  The  precipitate  is  removed  as  far 
as  possible  from  the  paper  and  placed  in  a 
I  porcelain  crucible.  The  jiapcr  is  ignited  on  the 
crucible  lid  and  the  crucible  and  contents  ignited 
1  and  weighed  with  the  lid.  The  yellow  residue  is 
bismuth  trioxide  Bi^O,  and  contains  89'0(5  of 
metal.  In  presence  of  hydrochloric  acid  the 
above  method  cannot  be  used  tlirectly,  as  the 
precipitate  would  then  contain  bismuth  oxy- 
cliloride  which  is  partially  volatile  and  would 
also  render  the  ignited  residue  of  uncertain 
composition.  It  is  necessary  in  that  case  to 
precipitate  the  bismuth  with'sulphuretted  hydro- 
gen, filter  oil'  tlie  sulphides,  oxidise  the  precipi- 
tate with  the  filter  paper  in  a  beaker  by  digestion 
with  nitric  acid,  filter  and  precipitate  with 
J  aunnonium  carbonate  and  proceed  as  above.  Or 
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the  precipitated  oxide  containing  oxychloride 
may  be  reduced  with  potassium  cyanide  as  de- 
scribed later,  and  weighed  as  metal. 

From  metals  which  are  not  precipitated  by 
the  addition  of  chlorides  or  of  excess  of  water, 
bismuth  may  be  separated  as  follows  (Rose)  :— 

The  solution,  if  strongly  acid,  is  nearly 
neutralised  with  soda  or  ammonia  and  a  solution 
of  sodium  chloride  added,  followed  by  excess  of 
water  ;  the  bismuth  is  thus  precipitated  as  oxy- 
chloride. The  solution  is  aUowed  to  stand 
24  hours ;  a  further  addition  of  water  should 
create  no  turbidity.  The  precipitate  is  filtered, 
washed  with  cold  water,  dried  and  fused  with 
5  parts  of  potassium  cj'auide  in  a  porcelain 
crucible  at  a  gentle  heat.  The  mass  is  boiled 
with  water,  filtered,  and  the  metallic  particles  of 
reduced  bismuth  washed,  dried,  and  weighed. 
Iron,  if  present,  would  be  precipitated  with  the 
bismuth  by  this  method. 

Bismuth  may  be  separated  from  other  heavy 
metals,  except  lead,  in  the  following  manner  : 
To  the  acid  solution  sodium  carbonate  is  added 
in  excess,  followed  by  a  solution  of  potassium 
cyanide.  A  gentle  heat  is  applied  for  some  time 
and  the  precipitate  filtered  and  washed.  Bismuth 
and  lead  are  thus  precipitated  as  carbonates 
whilst  the  other  metals  remain  in  solution.  For 
the  removal  of  lead  this  precipitate  is  dissolved 
in  nitric  acid,  treated  with  sulphuric  acid  and 
evaporated  until  fumes  of  sulphuric  acid  appear ; 
the  solution  is  then  diluted  and  the  lead  sulphate 
filtered  off.  The  bismuth  may  be  precipitated 
from  the  solution  as  oxychloride  and  treated  as 
before  described.  From  zinc,  iron,  and  other 
metals  not  precipitated  by  sulphuretted  hydrogen 
in  acid  solution,  bismuth  may  be  separated  by 
that  gas  and  the  precipitated  sulphide  dissolved 
in  nitric  acid  and  precipitated  as  above. 

For  the  dry  assay  of  bismuth  ores  the  fluxes 
used  must  depend  on  the  composition  of  the 
ore.  Thus  with  ores  containing  metallic  bismuth 
or  that  metal  as  oxide,  sulphide,  carbonate, 
a  flux  consisting  of  a  mixture  of  2  parts  potassium 
or  sodium  carbonate,  1  part  sodium  chloride,  and 
a  proper  quantity  of  argol  or  potassium  cyanide 
or  charcoal  powder,  will  be  useful  (Tamm)';  with 
the  addition,  where  much  eartliy  matter  is 


present,  of  borax.  Wliere  much  copper  is 
present  Tainm  advises  the  use  of  one  part  of  the 
ore  mixed  with  one  part  or  less  of  a  mixture  of 
sodium  carbonate  1,  salt  2,  sulphur  2,  charcoal 
powder  1  part.  The  exact  proportions  in  which 
these  fluxes  are  most  useful  must  be  learned  by 
experience. 

Alloys  of  Bismath. 

Bismuth  unites  readily  with  most  metals, 
forming  alloys  which  are  usually  of  great  hard- 
ness, brittleness,  and  fusibility,  and  most  of 
which  expand  on  solidifying. 

Lead  containing  very  little  bismuth  is 
toughened  without  becoming  more  brittle.  The 
addition  of  bismuth  to  lead  increases  its  hard- 
ness and  tenacity;  the  alloy  of  3  lead  and  2 
bismuth  has  ten  times  the  hardness  and  twenty 
times  the  tenacity  of  lead.  The  aUoy  of  00 
lead  and  34  bismuth  is  very  ductile,  melting 
at  1GC°C.;  it  corresponds  to  BiPb,.  An  alloy 
containing  equal  weights  of  the  two  metals  is 
brittle,  of  foliated  texture,  and  of  the  colour  of 
bismuth.  Its  density  is  10-709  i.e.  greater  than 
the  mean  density  of  the  constituents. 

Till.  The  addition  of  bismuth  to  tin  in  small 
quantities  renders  it  more  elastic  and  sonorous. 
An  alloy  of  54  tin  46  bismuth  is  cn-stalline  and 
brittle  ;  it  melts  at  133=C.  (Guthrie,  T.  [o]  17,464. 
The  alloy  of  24  tin  1  bismuth  is  somewhat  malle- 
able, but  a  further  addition  of  bismuth  renders 
it  brittle. 

Tin  and  Lead.  The  alloys  of  bismuth  with 
these  two  metals  are  of  especial  interest.  They 
are  extremely  fusible,  and  on  account  of  their 
expansion  on  cooling  they  take  a  very  fine  im- 
pression, being  largely  used  for  electrotype 
moulds,  &c. 

An  alloy  of  1  bismuth  2  tin  1  lead  is  used  as 
a  soft  solder  by  pewterers,  and  for  the  cake 
moulds  for  toilet  soap.  An  expensive  but  effec- 
tive alloy  for  stereotype  clichis  and  metallic 
writing  pencils  contains  5  bismuth  2  tin  3  lead ; 
it  melts  at  01-GG°C.  (lyj-'F.).  The  varieties  of 
fusible  metal  contain  these  three  metals  with  the 
addition  sometimes  of  cadmium,  which  still 
further  lowers  the  melting-point.  A  table  of 
the  most  important  of  these  alloys  is  given 
below : 


Name  of  Alloy 


Newton's 
Eose's 
D'Arcet's 
D'Arcet's 

mercury 
Wood's 
Lipowitz's 


withi 
J' 


Guthrie's'  Eutcctic' 


Bisnnitli 


50 
50 
50 

60 

50 
50 

50 


lead 


31-25 
28-10 
25-0 

250 

25-  0 

26-  9 

20-55 


18-75 

24-  1 

25-  0 

25-0 

12-5 
12-78 

21-10 


Cadmium 


12-5 
10-4 

14-03 


250-0 


Morcnry     Jfelting  point 


94-5°C. 

95° 
91°(Hannay) 

45° 

G5° 
65^ 
stated  to  have 

the  lowest 
melting-point 


Toiiiporatiire  of 
Maxiiiiiiiii  Density 


55°  (Spring) 


25°  (Sprmg) 
38-5°  (  „  ) 


1  _ 


The  action  of  heat  on  fusible  metal  is  some- 
what anomalous.  Taking  Lipowitz's  alloy  as  a 
typical  exiimple,  we  find  (from  Spring's  table  of 
densities  at  dilTerent  temperatures)  that  this 
alloy  whilst  cooling  contracts  very  rapidly  at 
the  sohdifying  point  (G5°C.) ;  contracts  slowly 


from  that  temperature  to  38-5°,  expands  thence 
to  about  25°,  and  again  contracts,  occuijying  at 
0°  the  s.ame  volume  as  at  4G°C. 

For  this  reason,  in  taking  a  cast  or  impression 
with  fusible  metal  it  is  advisable  to  allow  the 
alloy  to  cool  to  a  pasty  mass  before  placing  in 
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the  mould.  (F.  further,  Godefroy,  Frcmy's 
Enoycl.  Chimiiiue,  art.  Bismuth,  1888,  24-30.) 

( 'o2.)pe»' containing  small  quantities  of  bismuth 
is  red  short.  Traces  of  bismuth  are  usually 
present  in  commercial  copper  (Field,  C.  N.  36, 
261).  The  two  metals  unite  at  a  temperature 
below  the  melting-point  of  copper,  forming 
hard,  brittle  alloys  of  the  mean  densities  of  the 
constituents  (Gelert).  An  alloy  of  1  copper  2 
bismuth  expands  considerably  after  solidifica- 
tion ;  1  copper  4  bismuth  produces  a  red  crys- 
talline metal. 

Antimony  unites  in  all  proportions  with  bis- 
muth. The  alloy  of  equal  parts  of  the  two  metals 
expands  considerably  on  solidification. 

Mercury  dissolves  a  considerable  amount  of 
bismuth  without  solidifying.  The  amalgam  con- 
taining 1  bismuth  and  4  mercury  adheres  strongly 
to  smooth  surfaces  such  as  glass.  One  j)art  bis- 
muth and  2  parts  mercury  forms  a  pasty  amalgam. 
The  alloy  consisting  of  D'Arcet's  alloy  and 
mercury  (v.  preceding  table)  is  used,  on  account 
of  its  low  melting-point,  for  taking  easts  of  ana- 
tomical preparations.  The  alloy  is  introduced  in 
the  liquid  state,  allowed  to  solidify,  and  the  fleshy 
parts  dissolved  by  solution  of  caustic  soda.  This 
alloy  is  also  used  for  silvering  glass  tubes,  &e. 

Silver  has  a  strong  aflinity  for  bismuth.  An 
alloy  of  equal  parts  of  the  two  metals  has  the 
colour  of  bismuth,  is  lamellar,  and  has  a  density 
of  10-709,  i.e.  greater  than  the  mean  of  the  con- 
stituent metals  (Muschenbroeck). 

The  alloy  of  cadmium  40-8  parts,  bismuth 
59-2  parts,  melts  at  144-^0.  (Guthrie). 

Bismuth  alloys  with  the  alkaline  metals; 
thus,  by  fusing  5  bismuth  with  4  cream  of  tartar 
(hydric  potassic  tartrate)  an  alloy  of  bismuth  and 
potassium  is  produced,  which  becomes  tarnished 
in  air,  has  an  alkaline  reaction  and  taste,  and 
evolves  hydrogen  when  plunged  in  water. 

A.  H.  Gallatin  (Ph.  M.  [4]  38,  57)  has  pre- 
pared an  alloy  of  bismuth  with  cumnonium.  He 
scattered  ammonium  chloride  over  bismuth 
sodium  alloy  and  added  water.  The  alloy  swelled 
and  again  contracted.  On  plunging  in  water  or 
heating,  a  mixture  of  hydrogen  and  ammonia 
was  evolved.  After  drying  in  vacuo  over  sul- 
phuric acid,  it  evolved  27  volumes  of  gas  on 
heating. 

Bismuth  combines  very  imperfectly  with  iron, 
forming  alloys  of  diminished  density.  With 
platinum,  palladium,  gold,  and  tellurium  it  also 
forms  alloys.  Compounds  with  the  two  latter 
metals  occur  in  nature. - 

Compounds  of  Bismuth. 

Bismuth  forms  three  classes  of  compounds 
in  which  it  occurs  as  a  diad,  triad,  and  pentad 
respectively.  The  trivalent  compounds  are  the 
most  stable. 

Oxides.  Four  oxides  of  bismuth  are  known, 
but  the  trioxide  and  the  compounds  derived  from 
it  are  the  only  ones  of  commercial  application. 

Bismuth  trioxide  'B'i.,0.^  occurs  in  nature  as 
bismuth  ochre.  It  is  best  prepared  by  the  igni- 
tion of  the  subnitrate  of  bismuth  until  red 
fumes  cease  to  be  evolved.  It  may  also  be  pre- 
pared by  igniting  the  metal  at  a  red-white  heat 
in  a  muffle.  The  metal  then  burns  and  forms 
the  oxide,  which  condenses  as  a  yellow  powder. 
Bismuth  oxide  is  a  joale-j'ellow  amorphous  sub- 


stance which  melts  at  a  red  heat  to  a  glass 
without  change  of  weight.  Its  specific  gravity 
is  8'21 ;  it  contains  S9'06  p.c.  bismuth. 

It  is  used  for  glass  and  porcelain  staining  ; 
as  an  addition  to  certain  fluxes  to  prevent  the 
production  of  colour,  and  in  gilding  porcelain, 
being  mixed  in  the  proportion  of  1  part  oxide  to 
15  parts  of  the  gold. 

The  darkening  of  the  commercial  substance 
on  exposure  to  light  is  due  to  the  presence  of  a 
trace  of  silver. 

A  hydrated  bismuth  oxide  Bi203.H20  is  pre- 
cipitated as  a  white  powder  on  addition  of  caustic 
alkali  to  a  bismuthous  salt,  such  as  the  nitrate. 
It  dissolves  in  alkali  in  presence  of  glycerine. 
On  addition  of  sugar  to  the  solution  metallic 
bismuth  is  precipitated,  while  arsenic,  if  present, 
remains  in  solution.  Lowe  (Fr.  22,  498-505) 
recommends  this  method  for  the  preparation  of 
pure  bismuth  for  ijharmaceutical  purposes. 

Bismuth  nitrate  Bi(NO.,)35H.,0  is  prepared  by 
dissolving  bismuth  or  its  oxide  or  carbonate  in 
moderately  strong  nitric  acid.  The  concentrated 
solution  is  filtered,  if  necessary,  through  as- 
bestos, and  deposits  on  cooling  large  deliquescent 
crystals,  which  are  caustic,  and  melt  in  their 
water  of  crystallisation  when  gently  heated. 

When  the  bismuth  used  for  the  preparation 
contains  arsenic,  excess  of  nitric  acid  should  be 
used  for  the  solution,  the  arsenic  is  then  oxidised 
to  arsenic  acid,  and  combines  with  its  equivalent 
of  bismuth,  being  precipitated  as  arsenate  of  bis- 
muth. K.  Schneider  (J.  pr.  20,  418-434)  recom- 
mends the  following  proportions  :  2  kilos  bis- 
muth, 10  kilos  hot  nitric  acid  (75°  to  90°C.) ; 
when  the  action  is  finished  the  liquid  is  de- 
canted from  the  sediment,  which  contains  all 
the  arsenic.  On  addition  of  water  to  the  solu- 
tion a  white  precipitate  of  basic  nitrate  falls,  the 
constitution  of  which  varies  with  the  amount  of 
"water  used.  This  was  formerly  known  as  ma- 
gistery  of  bismuth,  and  is  now  called  flake  or 
pearl  white,  the  latter  name  being  also  applied 
to  the  oxychloride  of  bismuth. 

For  pharmaceutical  purposes  the  subnitrate 
is  prepared  as  follows  :  Dissolve  2  parts  of  bis- 
muth in  4  parts  nitric  acid,  add  3  parts  water, 
pour  from  deposit,  if  any,  evaporate  to  one-third 
the  bulk,  and  pour  into  80  parts  of  water,  filter, 
wash  and  dry  the  precipitate  at  a  temperature 
not  above  55°C. 

It  is  a  pearly-white  powder  consisting  of 
minute  crystalline  scales.  It  is  employed  as  a 
flux  for  certain  enamels,  augmenting  their  fusi- 
bility without  imparting  any  colour,  and  on  this 
account  is  used  as  a  vehicle  for  metallic  oxides. 
For  the  colourless  iridescent  glaze  on  porcelain 
the  basic  nitrate  is  rubbed  with  resin  and  gently 
heated  with  lavender  oil ;  by  the  addition  of 
coloured  oxides,  yellow  and  other  colours  are 
produced.  It  is  also  used  like  the  oxide  and  in 
the  same  i)roportions  for  gilding  porcelain,  and 
to  some  extent  as  a  cosmetic  under  the  names 
blanc  de  fard  and  blanc  d'JSspagnc.  It  is  largely 
used  in  medicine. 

When  prepared  from  impure  metal  it  is  liable 
to  contain  arsenic,  lead,  and  silver  ;  tellurium 
has  also  been  suspected  (Ph.  3.  No.  287).  To 
test  for  arsenic,  heat  a  little  of  the  nitrate  in  a 
tube  until  brown  fumes  cease  to  be  evolved, 
add  a  small  crystal  of  potassium  acetate  and 
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again  hoal ;  in  presence  of  a  trace  of  arsenic  the 
odour  of  kakodvl  is  observed  (A.  Glenard,  J.  de 
Phariii.  r  i]  1,  217). 

Bismuth  chloride  BiClj.  This  compound  is 
produced  when  finely  powdered  bismutli  is  thrown 
into  chlorine  gas  or  when  chlorine  is  passed  over 
the  heated  metal.  It  is  also  formed  by  the 
solution  of  bismuth  in  aqua  regia  and  evapora-  1 
tion  of  the  liquid. 

It  is  a  white,  easily  fusible  solid,  which  ab- 
sorbs moisture  from  the  air,  forming  a  crystalline 
hj'drate.  By  the  addition  of  water  a  white  pre- 
cipitate of  basic  chloride  or  oxychloride  is  pro- 
duced corresponding  to  BiOCl,  though  its  com- 
position varies  considerably. 

The  oxychloride  of  bismntli  is,  however, 
usually  prepared  by  pouring  a  solution  of  the 
normal  nitrate  into  a  dilute  solution  of  common 
ioalt,  forming  oxychloride  of  bismuth  and  sodium 
nitrate. 

It  is  a  white  pearly  powder  known  as  2>torl 
white,  and  is  used  as  a  pigment,  and  in  the  pre-  j 
paration  of  a  very  fine  yellow  pigment  known  as 
Merim6e's  antimony  yellow  (v.  Antimony). 

Bismuth  chromate  v.  under  Chuomiuji. 

BISMUTHITE.  Native  bismuth  trioxide. 
The  most  abundant  and  widely  diffused  ore  of 
bismuth.  A  form  found  in  spheres  of  darker  or 
lighter  brown,  the  size  of  peas,  and  frequently 
inclosing  a  grain  of  bismuth,  is  known  as  Bis- 
inuthspharitc ;  a  specimen  analysed  by  Weisbach, 
J.  M.  1882,  2,  254)  contained  91-08  Bip^,  8-2'J 
CO.,  and  traces  of  FePj  and  SiO^.  Its  sp.gr. 
was  7-(M. 

BISSA-BOI  V.  GuJi  EEsny's. 

BISTRE  V.  Pi(imi:nts. 

BITTER  ALMOND  OIL  v.  Bekzaldeittde. 

BITTER  APPLE  r.  CoLocYKTif. 

BITTER  SWEET  v.  Dulcamaha. 

BITTER  WOOD  r.  Quassia. 

BITTERN.  The  mother  liquor  which  re- 
mains after  the  crystallisation  of  common  salt 
from  sea-water,  or  the  water  from  salt  springs. 
It  contains  soluble  magnesium  salts,  bromides 
and  iodides.  The  same  temi  is  also  applied  to 
a  mixture  of  equal  parts  of  quassia  extract  and 
suli)hate  of  iron,  2  parts  extract  of  cocculus  in- 
dicus,  4  parts  Spanish  liquorice,  and  8  parts 
trcarlo,  used  to  sophisticate  beers  (Cooley,  I). 

BITUMtN.  This  term  includes  a  consider- 
able number  of  influmniablc  mineral  substances 
consisting  mainly  of  hydrocarbons.  They  are  of 
various  consistence,  from  thin  fluid  to  solid,  but 
the  solid  bitumens  are  for  the  most  part  liquo- 
iiable  at  a  moderate  heat.  The  purest  kind  of 
fluid  bitumen,  called  naphtha  or  rock  oil,  is  a 
colourless  liquid  of  sp.gr.  0-7  to  0  84,  and  with  a 
bituminous  odour.  It  often  occurs  in  nature 
with  asphalt  and  other  solid  bitumens.  I'otro- 
leum  is  a  dark-coloured  fluid  variety  containing 
much  naphtha.  Maltha  or  mineral  tar  is  a  more 
viscid  variety.  The  solid  bitumens  are  asphalt 
{q.  V.)  ;  mineral  tnllow  or  halchelin ;  clastic 
bitiniifii,  mineral  caoutchouc  or  elatcrite;  ozo- 
kerite, tVc. 

An  abundance  of  bitumen  is  found  in  the 
island  of  Trinidad  at  the  I'itch  Lakes,  and  in 
Mexico.  It  is  supposed  to  be  a  product  of  the  de- 
composition of  vegetable  matter,  and  consists 
chiefly  of  hydrocarbons  with  variable  quantities 
of  oxygen  and  nitrogen,  I'rrcu. 


BITUMINOUS  COAL  v.  FrEL. 
BIXEIN,   BIXIN.     Colouring   matters  of 
Annatto,  r.  Annatto. 

BJELKIIE  or  COSALITE.  A  mineral  con- 
taining— 

Bismuth  .  .  .  42-40  39-40 
Lead  .  .  .  40-30  37-G4 
Iron  .       .       ,     I-OI  5-13 

Sulphur     .       .       .    lG-29  17-83 
Sp.gr.  0-33-0-75  (J.  30,  1,270). 

(Sjo-n  n,.I.  M.  1879,011  ;  J.  C.  S.  M]  40,088.) 

BLACK  AMBER  i-.  Ammi  h. 

BLACK.  AZO-  or  NAPHlHOL BLACK  r.Azo- 
COLnri;iN(i  matti:i;s. 

BLACK  BAND  IRONSTONE  v.  InoN  Ores 

OF. 

BLACK  BOY  GUM  r.  Balsams. 

BLACK  CHALK.  A  kind  of  clay  containing 
carbon,  found  in  Carnarvonshire  and  in  the  Islo 
of  Islny. 

BLACK  COPPER  v.  Copper. 

BLACK  EARTHY  COBALT  u.  Con.^LT. 

BLACK  FLUX  r.  As>ayino. 

BLACK  HELLEBORE  ROOT.  (Radix  IJcUc- 
bori  ni'jri,  lUitiiic  d'FAlehore  noir,  Fr. ; 
Schwarzc  Niesu  iirsel.  Ger.) 

The  root  of  the  Hclli  bonis  niger  (Linn.)  or 
Christmas  Rose,  Woodville  (Med.  Bot.  109), 
Bentl.  a.  T.  (Med.  Plants,  2).  Black  hellebore  and 
the  nearly  related  green  hellebore,  JIellel>onis 
viriclis  (Linn.),  are  seldom  employed  in  England 
except  in  veterhiary  medicine.  They  are  both 
powerful  intestinal  irritants. 

Vauquelin  (Ann.  de  Museum,  8,  87),  Sou- 
beiran  (N.  Traite  de  Pharm.  1),  and  FeneuUo 
and  Capron  (J.  Ph.  8,  503)  examined  hellebore, 
but  no  definite  constituent  of  physiological  im- 
portance was  announced  till  the  discovery  of 
hclleborin  by  Bastick  in  ls52  (Ph.  12,  174). 
Our  knowledge  of  the  chemistry  of  hellebore  is, 
however,  chiefly  due  to  Huseniann  and  Marmc 
(A.  133,  55)  who  show  that  besides  helleborin 
Ca.Hi.X),;,  which  is  a  glucoside,  there  exists  in 
both  the  black  and  green  hellebore  another  glu- 
coside, hclleborc'in,  C.  H,,0|j.  Helleborei'n  exists 
in  greatest  quantity  in  the  niger,  but  it  is  also 
the  chief  of  the  two  constituents  in  the  I'iridis. 

Helleborei'n  when  purified  consists  of  groups 
of  microscopic  needles  which  crumble  in  the  air 
to  a  yellowish-white  hygroscopic  powder.  It 
has  a  sweet  taste.  Darkens  at  220-'2:!0\  Water 
and  alcohol  dissolve  it,  but  it  is  insoluble  in 
ether.  Sulphuric  acid  fwms  w-ith  it  a  brownish- 
I  red  solution  which  changes  to  violet.  By  the 
action  of  dilute  acids  it  breaks  up  into  glucose, 
and  a  grey-green  amorphous  precipitate  of  helle- 
boretiit,  C|,H_.„0,.  Helleborin  likewise  assumes 
the  form  of  white  shining  needles.  Melts  with 
decomposition  at  250°.  It  is  insoluble  in  cold 
water,  slightly  soluble  in  ether ;  but  easily  soluble 
in  boiling  alcohol  or  chloroform.  It  gives  a 
characteristic  and  delicate  colour  reaction  with 
sulphuric  acid.  The  crystals  become  deeji-red 
i  and  dissolve  in  the  acid  to  a  deep-red  solution. 
The  taste  of  helleborin  is  acrid  and  burning. 
Dilute  acids  break  it  up  into  glucose  and  a  re- 
sinous substance,  hellelxiresiu,  C.,„HnO,.  Helle- 
boresin  is  insoluble  in  water,  slightly  soluble  in 
ether,  but  is  readily  dissolved  by  boiling  alcohol. 

A.  S. 
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BLACKING.  (CircKjc,  Fr. ;  SchuhivicJisc, 
Gcr.) 

Blacking,  as  v/e  now  use  it,  was  introduced 
from  Paris  in  the  reign  of  Charles  II.,  and 
owing  to  the  general  and  still  increasing  demand 
for  it  as  a  jjolish  for  boots  and  shoes,  is  now  an 
important  branch  of  industry. 

A  liquid  blacking  may  be  prepared  by  mixing 
IG  parts  of  bone-black  and  2  of  sperm  oil  in  a 
wooden  or  stoneware  vessel ;  12  parts  of  treacle 
are  then  gradually  added,  and  the  whole  is 
beaten  together  until  a  perfectly  homogeneous 
mass  is  obtained,  H  parts  of  oil  of  vitriol  diluted 
with  thi'ee  times  its  bulk  of  water  is  added  in 
small  quantities  at  a  time,  and  the  mass  allowed 
to  stand,  with  a  good  stirring  daily  for  several 
days.  1  part  of  gum  in  48  of  vinegar  is  then 
added  gradually,  the  whole  is  stirred  briskly 
for  some  time,  and  then  daily  for  3  or  4 
days. 

Several  other  methods  of  making  blacking 
are  described  in  Cooley's  Encyclopicdia.  The 
following  are  the  processes  that  have  been 
recently  described  : — 

150  parts  of  wax  and  15  parts  of  tallow  are 
dissolved  in  a  boiling  mixture  of  200  parts  lin- 
seed oil,  20  parts  litharge  and  100  parts  of 
molasses;  the  whole  is  heated  to  120°,  103  parts 
of  black  are  added,  on  cooling  it  is  diluted  with 
280  parts  of  oil  of  turpentine  and  mixed  with  a 
solution  of  5  parts  gum  lac  and  2  of  aniline 
violet  in  35  parts  of  alcohol  (Nicolet,  Grer.  Pat. 
19,048,  December  1881). 

90  parts  beeswax  or  ceresine,  30  parts  sper- 
maceti, 350  parts  oil  of  turpentine  are  melted 
and  then  mixed  with  10  parts  of  borax,  20  parts 
black,  10  parts  Prussian  blue,  and  5  parts  nitro- 
benzol  (Heim,  Ger.  Pat.  l!j,27U,  February,  1882; 
S.  C.  I.  1,  404). 

Gunther's  varnish  is  prepared  by  adding  3 
parts  of  wax  and  2  of  castor  oil  with  suUicient 
pigment  to  a  filtered  solution  of  80  parts  shellac 
in  15  alcohol.  The  whole  is  evaporated  in 
vacuum  to  the  consistency  of  syrup  (Ger.  Pat. 
10,267,  December  1881). 

Brunner  makes  a  blacking  by  stirring  well 
together  10  parts  of  bone-black  and  10  parts  of 
glucose  syrup,  and  then  adding  with  rapid  stir- 
ring 5  parts  sulphuric  acid.  2  parts  sodium 
carbonate  arc  next  dissolved  in  4  parts  of  water, 
and  boiled,  with  constant  stirring,  with  20  parts 
of  train  oil,  till  a  thick  liquid  is  obtained,  the 
acid  solution  is  then  mixed  with  it  with  rapid 
stirring  (Chem.  a.  Drug.  26,  233). 

Kilner's  blacking  for  ladies'  shoes,  2  oz.  shel- 
lac, 1  oz.  liquiil  ammonia,  8  oz.  water;  boil,  add 
sufficient  aniline  black  to  colour,  and  make  up 
to  16  oz.  (Chem.  a.  Drug.  26,  3611). 

Paste  blacking  may  be  prepared  by  mixing 
together  2  lbs.  ivory-black,  1  of  treacle,  4  oz.  of 
sperm  oil,  5  of  vinegar,  and  5  of  sulphuric  acid, 
and  adding  to  the  mixture  i  oz.  ferrous  sulphate 
and  31  oz.  of  gum  arable  dissolved  in  5  oz.  of 
water.  By  using  more  vinegar  and  less  bone- 
black,  liquid  blackings  can  be  manufactured 
(Chem.  a.  Drug.  2(i,  537). 

Scholz's  liquid  blacking  is  made  by  dissolv- 
ing 50  grams  of  asphalt  in  50  grams  of  naphtha 
and  adding  G  parts  of  linseed  oil  varnish,  14  of 
train  oil,  and  13  of  spirits  of  wine  (D.  P.  J. 
242,456). 


In  manufacturing  liquid  blackings,  the  ivory- 
black  must  be  in  a  finer  state  of  division  than 
for  jsaste  blackings. 

Blackings,  both  liquid  and  paste,  should  be 
stored  in  cool,  moderately  dry  cellars.  Blackings 
which  are  crude,  moist,  and  oily  lose  these  pro- 
perties and  become  drier  and  more  brilliant  by 
age.  Indeed,  it  is  said  that  the  best  boot  and 
shoe  makers  never  use  a  blacking  which  they 
have  not  had  in  stock  for  a  twelvemonth. 

BLACK  JACK.  The  miner's  term  for  blende 
or  zinc  sulphide  (v.  Zinc). 

BLACK  LEAD.  The  common  name  of  plum- 
bago or  graphite  (r.  Carbon). 

BLACKLEY  BLUE  v.  Inddlines. 

BLACK  LIQUOK.   Ferrous  acclaic  (v.  Acetic 

ACII>). 

BLACK  TELLURIUM  v.  Tellukicm. 
BLACK  TIN  r.  Tin. 

BLACK  VAENISH.  Blade  Jcqmn  {v.  VAUNisn). 
BLACK  WAD  v.  1\I.\nganese. 
BLACK,  WOOLi  f.  Azo-  colouring  matters. 
BLANC  FIXE.     Trade  name  for  ground 
barium  suljihato,  used  as  a  pigment. 

BLANQUEITE.    A  kind  of  crude  soda,  less- 
pow-erful  than  barilla,  obtained  at  Aigues-Mortes 
by  the  incineration  of  Salsola  Tragus  and  S. 
Kali  (Watts,  1). 
j       BLASTING  GELATINE  AND  POWDER  v. 
\  ExrLosivics. 

BLEACHING.  This  term  signitles  the  art 
of  destroying  tl;c  natural  colour  of  vegetable 
and  animal  products  in  such  a  manner  as  to 
leave  them  unimpaired  with  as  white  an  appear- 
ance as  possible.  The  removal  of  certain  other 
natural  or  artificial  impurities  usually  accom- 
panies the  bleaching  proper.  The  art  acquires, 
its  greatest  importance  in  connection  with  the 
textile  fibres,  cotton,  linen,  wool,  and  silk,  hence 
special  reference  will  be  made  to  the  modern 
methods  of  bleaching  these  materials. 

Cotton  bleaching.   Cotton  is  usually  bleached 
in  the  form  of  yarn,  thread,  and  calico,  very 
seldom  as  loose  cotton-wool.    The  natural  im- 
I  purities  occurring  in  raw  cotton  amount  to  about 
5  p.c.  and  consist  chiefly  of  pectic  matters ; 
I  other  substances  present  are  brown  colouring 
[  matter  and  very  minute  quantities  of  margaric 
acid,  cotton-wax,  and  albuminous  matter.  The 
',  soiled  grey  appearance  of  raw  cotton-wool,  yarn, 
I  and  thread  is  almost  entirely  due  to  the  presence 
of  these  natural  impurities.     Cotton  cloth  or 
calico,  however,  is  still  further  contaminated 
j  with  flour  or  starch,  fatty  matter,  china  clay, 
and  other  mineral  substances,  all  of  which,  to 
I  the  amount  of  30-50  p.c,  have  been  introduced 
during  the  sizing  of  the  waiii- 

Cotton  yarn  and  thread  bleaching.    If  the 
I  cotton  yarn  is  in  the  form  of  waqos,  these  are 
j  loosely  plaited  by  hand  or  machine  in  order  to 
I  reduce  their  inconvenient  length  ;  if  in  the  form 
of  '  hanks '  these  are   bleached  separately  or 
linked  together  in  chain  form ;  weft  yarn  is 
sometimes  bleached  in  the  form  of  '  cops,'  i.e. 
ready  for  the  spool  of  the  weaver's  shuttle. 

The  several  operations  of  the  bleaching  pro- 
cess for  1,500  kilos  yarn,  employing  low  pressure 
kiers,  are  as  follows  : — 

1.  Lcii-boil.  300  litres  caustic  soda  (sp.gr. 
rili),  2,000  litres  water,  boil  6  hours; 
w'ash  in  kier  1  hour. 
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2.  ChemicMyig.    Bleaching-powder  solution 

(sp.gr.  1-005),  steep  under  sieve  2  hours ; 
wash  under  sieve  half  an  hour. 

3.  Souring.    Sulphuric  acid  (sp.gr-  I'OOS), 

steep  under  sieve  half  an  hour ;  wash 
under  sieve  half  an  hour  and  afterwards 
in  washing  machine. 

4.  Soaping  and    blueing.     Soap  solution 

about  G  grams  per  litre,  with  addition 
of  small  quantity  of  indigo-purple  (indi- 
gotin  monosulphonate  of  soda)  steep 
2  hours  under  sieve. 

5.  Dumping.  Pass  through  dumping  machine 

containing  soap  solution  and  indigo- 
purple,  as  in  operation  No.  4  ;  wash, 
squeeze  or  hydro-extract,  and  dry. 
The  first,  second,  and  third  operations  are 
repeated  in  the  case  of  thread  because  of  its 
closer  texture.    For  the  second  ley- boil  30  litres 
caustic  soda  (sp.gr.  1-16)  and  15  kilos,  soap  are 
used ;  the  chemicking  and  souring  are  exact 
repetitions. 

The  ley-boil  takes  place  in  large  iron 
boilers  or  '  kiers,'  a  representation  of  which  is 
shown  in  tig.  1. 


Fig.  1. 

The  boiler  a  has  a  central  puffer  pipe  b  fur- 
nished with  a  bonnet  or  spreader  m  at  tiic  top ; 
c  is  a  perforated  false  bottom ;  d  is  the  lid 
hinged  at  E  and  capable  of  being  readily  lifted 
by  means  of  a  chain  and  counter-weight ;  f  is 
an  air  valve,  l  a  steam  pressure  gauge ;  ii  and 
1  arc  the  steam  and  liquor  pipes  connected  by 
the  two-way  valve  k  with  the  pipe  j,  whicli 
enters  tlie  kier  immediately  below  the  pulTer 
l)ipe ;  o  is  the  let-off  valve. 

When  such  a  kier  has  been  charged  with 
yarn  and  caustic  soda  solution,  the  lid  is  fastened 
down  and  steam  is  admitted.  The  liquor  below 
the  false  bottom  soon  begins  to  boil,  and  as  the 
l)r('ssure  of  steam  increases,  a  portion  of  the  boil- 
ing li<iuor  is  forcibly  ejected  uptlio  inilTer  ]iipe  and 
spread  over  the  yarn.  The  li<iuor  drains  through 
the  yarn,  soon  to  be  ejected  as  before.    In  this 


intermittent  manner  the  circulation  of  the  boil- 
ing liquor  is  maintained. 

The  apparatus  for  chemicking,  sourmg,  wash- 
ing under  sieve,  soaping  and  blueing,  shown  in 
tig.  2,  consists  of  a  stone  tank  e,  with  per- 
forated false  bottom  f,  and  communicating  by 

I  the  valve  o  with  the  stone  tank  d  below.  The 
chain  of  yarn  is  drawn  from  the  kier  and  led 
into  the  tank  e  by  means  of  the  winch  a. 
When  E  is  suitably  tilled  with  yarn,  the  liquor 
in  tank  d  is  raised  by  the  pump  c  to  the  sieve 

I  F,  whence  it  drains  through  the  yarn  into  the 
well  below,  again  to  be  pumped  up  as  before ; 
B  is  the  eccentric  wheel  on  revolving  shaft  by 
which  the  pump  is  worked. 

I  The  '  dumping  '  machine  referred  to  consists 
of  a  pair  of  heavy  wooden  rollers  placed  over  a 

'  large  wooden  tank  containing  the  soap  solution. 
The  upper  roller  is  covered  with  cotton  rope 
and  rests  loosely  on  the  lower  one.  The  yarn  is 
first  passed  through  the  soap  solution  and  then 

i  between  the  squeezing  rollers  ;  the  irregularities 
caused  by  tbe  linking  or  plaiting  impart  to  the 
upper  roller  a  constant  jumping  motion,  which 
thus  effectually  cleanses  the  yarn  and  presses 
the  soap  and  blue  into  the  centre  of  the  fibres. 

When  hank  yarn  is  not  linked  to  form  a 
chain,  but  treated  as  separate  hanks,  'wash 
stocks  '  replace  the  dumping  machine. 

Cotton-cloth  or  calico  bleaching.  Accord- 
ing to  the  purpose  for  which  the  bleached 
material  is  intended,  we  may  distinguish  be- 
tween the  madder  bleach,  the  market  bleach,  and 
the  Turkcij-rcd  bleach. 

The  madder  bleach.  This,  the  most  thorough 
kind  of  calico  bleaching,  is  in  general  use  with 
calico-printers.  It  aims  at  entirely  removing 
every  impurity  which  will  attract  colouring 
matter  in  the  madder  or  other  dye-bath,  so 
that  the  finished  print  may  have  a  pure  white 
ground. 

Before  proceeding  to  the  actual  bleaching 
process  the  preliminary  operations  of  stamping, 
stitching,  and  singeing  have  to  be  perfonued. 

To  recognise  each  piece  of  cloth  and  to  trace 
damages,  the  ends  are  stamped  with  numbers 
and  letters,  usually  with  thick  gas  tar,  occasion- 
ally with  aniline  black.  The  pieces  are  then 
stitched  together  by  machine. 

The  singeing  operation  is  for  the  puqiose  of 
burning  off  the  loose  fibres  on  the  surface  of  the 
calico,  since  they  interfere  with  the  production 
of  fine  impressions  and  are  apt  to  give  rise  to 
certain  defects  during  the  printing  process.  It 
is  performed  by  rapidly  passing  the  cloth  in  the 
open  width  over  red-hot  copper  plates  or  cylin- 
i  ders,  or  over  a  row  of  Bunsen  gas  flames.  We 
i  may  distinguish,  therefore,  between  plate  singe- 
ing and  gas  singeing,  the  former  being  generally 
preferred  for  thick  heavy  cloth,  the  latter  for 
light  thin  cloth,  muslins,  iVc. 

In  plate  singeing  it  is  important  that  the 
I  plates  be  kept  at  a  uniform  strong  red  heat 
'  sutliciently  high  to  overcome  the  cooling  action 
of  the  rapidly  moving  cloth.  The  best  results 
are  obtained  by  means  of  the  '  singeing  roller,' 
which  consists  of  a  slowly  revolving  copper 
cylinder  through  wliich  a  furnace  tlame  is  con- 
ducted. In  tiiis  ease  the  clotli  presses  continu- 
ally against  a  different  portion  of  the  red-hot 
surface  of  the  roller ;  the  cooling  action  is  thus 
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reduced  to  a  minimum,  and  a  regular  even  singe 
is  the  result. 

All  singeing  machines  are  provided  with  lever 
arrangements  for  immediately  removing  the  cloth 
from  the  hot  plate,  or  the  gas  flame  from  the 
cloth,  in  case  of  necessity ;  further  danger  from 
fire  is  avoided  by  causing  the  singed  cloth  to 
pass  at  once  between  a  pair  of  rollers  moistened 


with  water,  or  through  a  small  steam  chamber, 
in  order  to  extinguish  s^^arks  adhering  to  the 
cloth. 

The  above  preliminary  operations  are  now 
succeeded  by  those  of  the  bleaching  proper.  The 
following  is  an  outline  of  the  process  at  present 
in  use  for  24,000  kilos,  cloth,  employing  low- 
pressure  kiers: — 


Fig.  2. 


1.  Wash  after  singeing. 

2.  Lime-boil.    1,000  kilos,  lime,  water  about 

37,000  litres  ;  boil  12  hours  ;  wash. 

3.  Lime-sour.     Pass  through  hydrochloric 

acid  (sp.gr.  1-01) ;  wash. 

4.  Leij-boils.    1st.  340  kilos,  soda  ash,  water 

about  37,000  litres  ;  boil  3  hours. 

2nd.  860  kilos,  soda  ash,  380  kilos, 
resin,  190  kilos,  caustic  soda  (solid), 
■water  37,000  litres  ;  boil  12  hours. 

3rd.  380  kilos,  soda  ash,  water  37,000 
litres  ;  boil  3  hours ;  wash. 

5.  Chemicking.     Pass    through  bleaching- 

powder  solution  (sp.gr.  1-0025)  ;  pile 
2-12  hours ;  wash. 

6.  Wliite-sour.     Pass  through  hydrochloric 

or  sulphuric  acid  (sp.gr.  i-01)  ;  pile 
1-3  hours. 

7.  Wash,  squeeze,  open  out,  and  dry. 


1.  Wash  after  singeing.  From  the  singeing 
house  the  cloth  is  drawn  through  the  washing 
machine  in  chain  form,  then  plaited  down  on. 
the  floor  and  allowed  to  lie  '  in  pile '  for  some 
hours  to  soften.  By  this  operation  the  cloth  is 
well  soaked  with  water,  and  is  thus  better  pre- 
pared to  absorb  the  liquors  used  in  the  sub- 
sequent operations.  Should  the  cloth  be  heavily 
sized,  much  of  the  adventitious  matter  is  also 
removed  at  this  stage. 

The  form  of  washing  machine  generally  em- 
ployed is  shown  in  figures  3  and  4.  It  con- 
sists of  a  water  trough  b,  above  which  a  pair 
of  heavy  wooden  squeezing  rollers  aa  are  sup- 
ported. Two  chains  of  cloth  are  washed  simul- 
taneously ;  they  enter  the  machine  at  the  ends, 
pass  between  the  squeezing  rollers,  then  round 
the  roller  r  in  the  water  trough,  again  between 
the  rollers  k\,  and  thus  travel  spirally  towards 
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the  centre  of  the  machine,  whence  they  are 
drawn  out  by  a  winch  and  piled  on  the  lloor. 
A  constant  stream  of  water  from  the  main 
o  enters  at  the  centre  of  the  trough  by  the 
tap  E,  the  dirty  water  flowing  out  at  both  ends ; 
c  are  wooden  guide  pegs  to  separate  the  several 
strands  of  cloth;  ss  are  strong  brass  rings  or 
'  straining  eyes  '  through  which  the  cloth  enters 
the  machine,  and  which  can  be  set  at  any  angle 
to  regulate  its  tension ;  k  and  w  are  the  screws, 
levers,  and  weights  for  regulating  the  pressure  of 
the  squeezing  rollers  against  each  other.  The 
action  of  this  machine  is  such  that  the  cloth  is 
continuously  being  soaked  with  wafer  and  then 
squeezed,  thus  causing  a  vigorous  stream  of 
water  to  flow  down  the  upward  moving  strands 
Qf  cloth. 


2.  Limc-boil  (limc-bowk,  bucking,  bowkingi. 
The  pieces  are  run  through  milk  of  lime  supplied 
to  a  washing  machine  of  small  dimensions — 
generally  termed  the  '  liming  machine  '—and  are 
at  once  drawn  by  winches  into  the  lime  kiers, 
carrying  with  them  the  lime  they  have  absorbed. 
The  cloth  is  plaited  in  regular  folds  and  well 
tramped  down  by  boys  who  enter  the  ki.TS. 
After  adding  the  necessary  amount  of  water, 
the  boiling  and  circulation  of  the  liquor  takes 
place  as  already  described  in  the  case  of  the 
ley-boil  of  cotton-yarn  bleaching. 

The  lime-boil  has  for  its  object  the  decom- 
position of  the  fatty,  waxy,  and  resinous  im- 
purities present  in  the  cloth.  Though  not 
removed,  but  adhering  still  to  the  fabric  in  the 
form  of  lime-soaps,  their  altered  condition  faeili- 
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tates  their  removal  by  the  subsequent  processes. 
The  starch  of  the  size  is  removed,  and  the 
colouring  matter  of  the  fibre  is  modified.  Lime 
is  preferred  to  caustic  soda  because  it  is  cheaper, 
and  much  more  effective  in  saponifying  neutral 
fatty  matter  than  the  caustic  or  carbonated 
alkalis ;  indeed  with  the  exception  of  barium 
hydrate  it  seems  to  be  the  most  energetic  saponi- 
fying agent  which  could  be  used  in  cotton  bleach- 
ing. 

It  is  very  essential  to  have  a  sufficiency  of 
water  in  the  kier,  so  that  it  stands  at  least  about 
two  feet  above  the  false  bottom ;  otherwise  the 
cloth,  either  at  .the  top  or  bottom  of  the  kier,  is 
very  apt  to  bo  tendered,  probably  because  it  be- 
comes oxidised  by  the  action  of  the  steam  upon  the 
cloth  in  its  limed  condition.  On  the  other  hand, 
an  excess  of  water  in  the  kier  is  to  be  avoided, 
since  then  the  cloth  is  apt  to  lloat  and  become 


entangled,  or  damaged  by  rubbing  against  the 
sides  during  the  boiling.  When  closed  high- 
pressure  kiers  are  employed,  the  increase  in 
volume  of  liquor  by  the  condensation  of  the 
steam  must  be  taken  into  account,  and,  if  neces- 
sary, a  little  liquor  must  be  allowed  to  escape. 

Of  the  several  varieties  of  kier  which  have 
from  time  to  time  been  introduced  in  practice, 
mention  may  be  made  of  '  Darlaip's  ku^rs,'  which 
are  still  greatly  in  vogue.  These  are  always 
worked  in  pairs,  and  so  arranged  that  the  top 
of  one  kier  is  connected  by  a  pipe  with  the 
bottom  of  the  other ;  the  pipes  which  enter  at 
the  top  and  centre  of  each  kier  are  continued  as 
perforated  pipes  or  '  distributors  '  to  a  little  above 
the  false  bottom,  and  then  to  tlie  l)ottom  of  the 
kier  as  a  stay.  Both  kiers  having  hceu  charged 
witli  cloth,  the  necessary  amount  of  water  is 
run  into  one  kier  only ;  high-pressure  steam 
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is  then  admitted  at  the  top,  and  the  liijuor 
forced  out  below  enters  tlie  distributor  of  tlie 
other  kier  at  tlie  top  and  permeates  the  cloth. 
When  all  the  liquor  has  been  thus  transferred, 
the  taps  are  reversed  so  that  the  steam  forces 
the  liquor  in  a  similar  manner  back  into  the  first 
kier.  This  alternating  process  and  circulation 
of  the  liquor  is  continued  for  about  seven  hours. 

Pendlebury's  arrangement  of  kiers  is  precisely 
similar  to  that  of  Barlow,  the  only  difference 
being  that  one  kier  is  smaller  and  serves  only  to 
hold  the  liquor  each  time  it  is  forced  through  the 


cloth  contained  in  the  larger  kier.  The  arrange- 
ment is  cheaper,  more  economical  as  regards 
space  required,  and  is  suitable  for  small  require- 
ments. 

In  the  vacuum  kier  of  Mason  and  others,  the 
circulation  of  the  liquors  is  effected  by  means  of 
a  pump.  After  tilling  the  kier  with  cloth,  the  air 
is  pumped  out  and  the  boiling  liquor  is  then 
admitted ;  in  this  manner  a  more  perfect  pene- 
tration of  the  material  by  the  liquor  is  obtained. 

The  injector  kier  of  Mather  and  Piatt  is 
shown  in  fig.  5 ;  a  is  the  kier  filled  with  cloth 
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BB  are  the  steam  pipes,  c  is  the  injector,  and 
D  the  circulating  pipe  ;  r  is  the  liquor  pipe  by 
which  water  or  other  li(pior  is  admitted,  ee  is 
the  draw-off  valve  and  waste  pii)e.  When  the 
kier  has  been  suitably  filled  with  cloth  and  liquor, 
steam  is  turned  on,  and,  by  the  action  of  the 
injector  c,  the  liquor  is  withdrawn  from  the  kier 
below,  forced  uji  the  pipe  d,  and  spread  over 
the  cloth  at  a.  Temporarily  collecting  at  n,  the 
li(luor  is  gradually  dra\vn  through  the  cloth,  and 
in  this  manner  a  continual  circulation  of  liquor 
is  maintained. 


3.  Lime-sour  (grey-sour).  After  the  limc- 
boil  the  pieces  are  washed,  then  passed  through 
a  washing  machine  fed  with  dilute  hydrochloric 
acid,  and,  if  convenient,  at  once  washed. 

The  object  of  the  lime-sour  is  to  decompose 
the  insoluble  lime-soaps  fixed  on  the  cloth  during 
the  lime-boil,  and  to  dissolve  and  remove  the 
lime,  also  any  iron  or  other  metallic  oxides 
present.  Experiments  by  A.  Scheurer  show  also 
that  the  use  of  the  lime-sour  makes  it  less 
essential  that  complete  saponification  of  the 
fatty  matter  should  take  place  during  the  lime. 


320 


BLEACHING. 


boil  than  would  be  the  case  if  it  were  omitted.  ' 
This  is  so  because  the  free  fatly  acid  liberated 
during  the  lime-sour   greatly  facilitates  the  j 
saponification  of  any  undecomposed  neutral  fat 
during  the  succeeding  ley-boil,  since  the  soap 
which  the  fatty  acid  then  forms  emulsifies  the  ; 
neutral  fat  and  exposes  it  to  the  action  of  the 
alkali  employed.    Hence  the  adoption  of  the 
lime-sour  is  equivalent  to  shortening  the  time  of 
the  lime-boil.   A  continual  flow  of  fresh  dilute  I 
acid  into  the  machine  must  be  maintained,  and,  ] 
since  it  is  rapidly  neutralised  by  the  lime,  it  is 
well  to  ensure  a  constant  slight  acidity  of  the 
liquor  by  occasionally  making  acidimetrical  tests. 
Hydrochloric  acid  is  preferred  to  sulphuric  acid 
because  it  gives  the  more  soluble  calcium  chlor- 
ide.    The  soured  cloth  should  never  be  per- 
mitted to  remain  long  exposed  to  air,  especially 
air  currents,  otherwise  the  acid  is  apt  to  concen- 
trate in  the  exposed  portions  and  thus  tender  the 
fibre. 

4.  Ley-boil.  This  operation  takes  place  in 
the  same  kind  of  boilers  as  are  used  for  the  lime- 
boil.  The  fatty  acids  resulting  from  the  de- 
composition of  the  lime-soaps  during  the  grey- 
sour,  also  the  brown  colouring  matters,  are 
removed  during  this  operation.  Its  special  feature 
is  the  use  of  resin-soap,  which  greatly  facilitates 
the  removal  of  fatty  matter  by  exercising  a  purely 
mechanical  emulsive  action,  the  alkali  present 
being  then  able  more  readily  to  saponify  the 
emulsified  fats,  particularly  those  neutral  fats 
which  perchance  have  escaped  the  action  of  the 
lime-boil.  Ordinary  soft-soap  acts  in  a  similar 
manner,  but  resiu-soap  is  cheaper  and  better. 
A.  Scheiirer  finds  by  experiment  that,  after 
caustic  lime,  the  most  rapid  saponification  of  a  ; 
neutral  fat  spotted  on  a  piece  of  calico  is  effected, 
when  boiling  under  pressure  at  120°C.,  by  a  solu-  [ 
tion  containing  10  grams  anhydrous  caustic  soda 
and  2^  grams  resin  per  litre.  Increasing  the 
amount  of  resin  does  not  hasten  saponification, 
though  this  is  done  by  increasing  the  velocity  of 
the  circulation  of  the  solution.  Indeed  with 
cimdation  even  a  more  rapid  saponification  is 
effected  with  caustic  soda  and  resin  than  with  lime. 

The  preliminary  short  boiling  with  soda  ash, 
which  is  sometimes  replaced  by  merely  soaking 
the  cloth  with  a  weak  solution  of  soda  ('  sweet- 
ening '),  prevents  tendering  of  the  cloth  by 
neutralising  any  traces  of  acid  left  in  by  reason 
of  insulHcient  washing  after  souring.  The  boiling 
with  soda-ash  after  tlie  resin-boil  is  for  the  pur- 
pose of  comijleting  tlic  removal  of  fatty  matters 
and  any  undissolved  resin,  which  otherwise  give 
rise  to  brown  stains.  Immediate  removal  of  the 
cloth  from  the  kier  and  washing  is  necessary  to 
jjreveut  the  production  of  iron  stains. 

5.  Chemicking.  Tlic  application  of  the 
bloaching-powder  solution  takes  place  in  wash- 
ing machines  of  the  ordinary  kind,  but  provided 
with  stone  instead  of  wooden  troughs,  because 
of  their  greater  durability.  The  bleaching  action 
takes  place  essentially  during  the  Ijang-in-pilc 
or  exposure  to  air  of  the  cloth  saturated  with  the 
solution  of  bleacliing-powder  ;  the  carbonic  acid 
of  the  air  liberates  hypochlorous  acid,  and  this, 
in  the  presence  of  the  fibre,  at  once  decomposes, 
yielding  hydrochloric  acid  and  oxygen :  in  the  ■ 
moment  of  its  production  the  oxygen  oxidises 
and  destroys  the  traces  of  colouring  matter  , 


present  in  the  fibre,  thus  giving  it  the  highest 
degree  of  whiteness. 

It  is  necessary  to  avoid  the  use  of  strong 
solutions  of  bleaching-powder,  otherwise  the 
fibre  itself  is  attacked,  oxycellulose  being  pro- 
duced ;  and  even  if  the  cotton  is  not  tendered 
thereby  it  is  still  apt  to  acquire  brown  stains 
during  subsequent  operations  employed  by  the 
calico-printer,  e.g.  steaming. 

6.  Wliite-sour.  This  operation  is  similar  to 
the  lime-sour  already  described,  except  that 
sulphuric  acid  is  usually  employed,  instead  of 
hydrochloric  acid,  chiefly  because  of  its  lower 
cost.  Its  object  is  to  decompose  and  remove 
traces  of  undecomposed  bleaching-powder,  lime, 
iron,  and  the  oxidised  colouring  matter. 

7.  The  final  washing  must  be  as  thorough  as 
possible  in  order  to  ensure  the  removal  of  all 
traces  of  acid,  which,  if  left  in  the  cloth,  would 
inevitably  tender  portions  of  it  during  the  drying 
process.  After  washing,  the  cloth  is  specially 
squeezed  by  passing  through  a  pair  of  heavy 
wooden  rollers,  or  through  tiie  modern  grooved 
brass  roller  and  disc  machine  of  W.  Birch.  The 
chain  of  cloth  then  passes  in  a  horizontal,  loosely 
hanging  position,  between  a  pair  of  rapidly 
revolving,  double-armed  winches  or  scutchers, 
which  effectually  shake  out  the  twist  from  the 
chain.  Thus  opened  out  to  the  full  width,  the 
cloth  is  dried  by  passing  over  steam-heated 
copper  cj'linders,  and  folded.  The  time  usually 
required  to  complete  the  madder  bleach  is  four 
to  five  days. 

The  market  bleach.  In  market  bleaching 
the  object  is  simply  to  give  a  brilliant  white 
appearance  to  the  calico  or  other  similar  ma- 
terial, to  fit  them  for  immediate  sale  in  the 
market  as  finished  white  goods.  It  is  not  neces- 
sary to  have  the  calico  well  'bottomed' — i.e. 
cleansed  from  all  colour-attracting  impurities, 
since  no  subsequent  dyeing  or  printing  is  in- 
tended. The  operations  are  for  the  most  part 
identical  with  those  of  the  madder  bleaching 
process.  The  modifications  introduced  are  shown 
in  the  following  outline  of  the  process,  intended 
for  24,000  kilos,  cloth,  employing  open  or  low- 
pressure  kiers :  — 

1.  Lims-boil.    1,410  kilos  lime,  water  about 

37,000  litres ;  boil  12  hours  ;  wash. 

2.  Lime-sour.  Hydrochloric  acid  (sp.gr.  1-01); 

steep  2-4  hours  ;  wash. 

3.  First  Icij-boil  or  grcy-boil.     210  kilos 

caustic  soda  (solid),  about  37,000  litres 
water ;  boil  12  hours  ;  wash. 

4.  Chcmickiiig.    Bleaching-powder  solution 

(sp.gr.  I'OOo) ;  steep  2-4  hours ;  wash. 

5.  Second  kij-boil  or  ivhih'-boil.    240  kilos 

soda-ash,  about  37,000  litres  water; 
boil  12  hours  ;  wash. 
G.  While-sour.    Sulphuric  acid  (sp.gr.  1-01); 

steep  2-4  hours ;  wash. 
7.  Tint  with  blue,  squeeze  dry. 
More  or  less  elaborate  finishing  operations 
follow — e.g.  starching,  calendering,  beetling, 
stentering,  &c.  Some  bleachers  introduce  a 
white-sour  between  operations  4  and  5,  and  a 
second  chemicking  between  operations  5  and  (>. 
The  absence  of  resin-soap  in  the  ley-boils  is 
characteristic. 

The  Turkey-red  bleach.  Tliis  is  merely  a 
curtailment  of  the  foregoing  processes,  and  is 
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specially  intended  for  yarn  or  clotli  to  be  sub- 
sequently dyed  plain  alizarin-red  or  Turkey-red. 
In  it  the  operation  of  singeing  and  the  application 
of  bleaching-powder  are  omitted,  since  they 
diminish  the  fulness  and  brilliancy  of  the 
Turkey-red  dye  ;  the  use  of  the  latter  is  to  be 
avoided,  because  it  gives  rise  to  the  production 
of  oxycellulose.  The  use  of  resin-soap  is  un- 
necessary, and  the  process  is  limited  to  the 
following  operations : 

1.  Wash. 

2.  Boil  in  water  2  hours  ;  wash. 

3.  Lcij-boils. 

1st.  90  litres  caustic   soda  (sp.gr. 

1"35),  about  3,000  litres  water; 

boil  10  hours  ;  wash. 
2nd.  70  litres  caustic  soda  (sp.gr. 

1-35) ;  ditto  ditto. 

4.  Sour.    Sulphuric  acid  {sp.gr.  1-01) ;  steep 

2  hours. 

5.  Wash  well  and  dry. 

The  above  quantities  of  materials  are  in- 
tendedfor  2,000  kilos,  cloth , with  low-pressure  kier. 

The  steamer-kier  bleaching  process.  The 
bleaching  processes  previously  described  have 
been  in  vogue  with  little  change  during  the 
last  forty  years;  minor  modifications  have 
certainly  been  introduced,  but  the  chief  improve- 
ments have  always  been  in  respect  of  the 
mechanical  appliances  employed.  Quite  re- 
cently (since  18.S3-84)  another  most  impor- 
tant advance  in  the  same  direction  has  been 
made,  which  marks  an  epoch  in  the  history  of 
bleaching. 

In  1883  Thompson  patented  a  bleaching 
process  in  which  the  goods  contained  in  an 
air-tight  kier  are  submitted  to  the  action  of 
bleaching-powder  solution  and  of  carbonic  acid 
alternately.  The  carbonic  acid  is  drawn  from 
a  gas-holder  into  the  kier  containing  the  cloth 
steeped  in  bleaching  powder  solution,  by  allow- 
ing the  latter  to  flow  out  into  a  tank  below. 
The  bleaching  liquor  is  then  pumped  back  into 
the  kier,  thus  forcing  the  carbonic  acid  which 
remains,  back  into  the  holder. 

In  1884  W.  Mather,  of  the  firm  of  Mather  & 
Piatt,  Manchester,  devised  an  improved  arrange- 
ment in  which  the  calico  could  be  passed  con- 
tinuously through  chambers  or  tanks  containing 
the  two  necessary  agents  mentioned. 

In  the  following  year  Mather  introduced  the 
so-called  steamer-kicr,  in  which  the  goods,  pre- 
viously impregnated  with  dilute  caustic  soda, 
were  submitted  to  the  action  of  low-pressure 
steam. 

The  so-called  Matlicr-Tlioinpson  process  re- 
sults from  a  combination  of  the  twoprocesseshere 
indicated.  With  regard  to  the  principles  of  the 
process  there  is  nothing  new,  for  the  application 
of  carbonic  acid  in  connection  with  bleaching- 
powder  solution  was  patented  by  P.  F.  Didot  in 
18.55,  while  the  steaming  of  goods  impregnated 
with  alkali  was  patented  as  far  back  as  1800  by 
J.  Turnbull. 

The  novelty  consists  essentially  in  the  ma- 
chinery employed,  by  which  the  duration  of  the 
bleaching  process  is  very  much  shortened,  and 
other  material  advantages  are  gained. 

For  a  ina^Jict  bleach  with  these  new  appli- 
ances, the  goods  are  submitted  to  the  following 
operations :  — 
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1.  Loj-scour.     Pass    through    hot  dilute 

caustic  soda — or  waste  soda-liquor  from 
a  previous  steaming  operation  ;  squeeze 
and  wash. 

2.  Ley-prepare.    Pass  through  a  boihug  so- 

lution of  NaOH  (sp.gr.  1-01-1-02) ; 
squeeze  and  run  into  steamer-waggon. 

3.  Ley-boil  {or  steam).    Boil  in  steamer-kier 

for  5  hours  with  4  lbs.  pressure  ;  wash 
in  the  kier  with  hot  water  for  2  hours ; 
wash  in  washing  machine. 

4.  Chemicking.    Pass  continuously  through 

a  series  of  vats  containing : — 

1.  Hot  water. 

2.  Bleaching-powder  solution  (sp.gr. 

1-00.5). 

3.  Carbonic  acid  gas. 

4.  Cold  water. 

5.  Hot  solution  of  Na^COj  (I  gram 

per  litre). 

6.  Cold  water. 

7.  Bleaching-powder  solution  (sp.gr. 

1-0025). 

8.  Carbonic  acid  gas. 
!).  Cold  water. 

10.  Hydrochloric  acid  (sp.gr.  1-01). 

5.  Wash  in  washing  machine ;   tint  with 

blue  ;  squeeze  and  dry. 

The  following  notes  explain  the  above  opera- 
tions more  fully  : — 

Ley-scour.  The  object  of  this  operation  is 
I  to  cleanse  the  cloth  from  such  superficial  im- 
purities as  '  size  '  <kc.,  so  that  the  alkali  subse- 
quently applied  may,  with  unimpaired  strength, 
exert  its  action  entirely  to  remove  the  natural 
impurities  of  the  fibre, 
j  Ley-prepare.  This  operation  is  not  strictly 
necessary,  since  the  impregnation  of  the  fabric 
with  caustic  alkali  might  be  effected  in  the  kier 
itself ;  but  it  ensures  a  more  thorough  and  even 
saturation  of  the  cloth  with  alkali.  The  opera- 
tions of  'scouring'  and  'preioaring'  are  per- 
formed by  passing  the  cloth  through  roller-vats 
containing  the  necessary  solutions.  Excess  of 
liquor  is  removed  by  squeezing  rollers,  and  the 
cloth,  containing  about  one  and  a  half  times  its 
weight  of  liquor,  is  piled  in  the  steamer-waggons. 
These  waggons  are  constructed  of  strong  gal- 
vanised iron,  and  form  as  it  were  large  lattice- 
work cages  or  baskets,  running  on  wheels,  each 
cajDable  of  holding  from  one  to  three  tons  of 
cloth.  The  lattice-work  may  be  dispensed 
with,  and  the  waggon  then  assumes  the  form  of 
a  box  or  vat  having  one  or  more  perforations  in 
the  bottom. 

Ley-boil.  The  steamer-kier  consists  of  a 
strong  wrouglit-iron  horizontal  boiler,  one  end 
of  which  can  be  closed  by  a  specially  constructed 
sliding  door.  At  the  side  of  the  kier  stands  a 
centrifugal  pump  connected  with  the  top  and 
bottom  of  the  kier,  and  also  with  liquor  tanks 
beneath,  so  that  either  boiling  water  or  dilute 
caustic  alkali  solution  can  be  s^jrinkled  on  and 
circulated  through  the  goods.  Figs.  6  and  7 
show  the  general  disposition  of  the  steamer-kier. 

Two  waggons  of  cloth  having  been  run  into 
the  kier,  and  the  door  closed,  steam  is  admitted 
till  the  pressure  reaches  a  maximum  of  4-5  lbs. 
During  the  steaming  or  boiling  process,  a 
continual  sprinkling  of  the  clotli  with  dilute 
caustic  soda  (sp.gr.  l-01°-l-02  )  is  maintained, 
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in  Older  to  keep  the  cloili  well  Baturulcd  with 
liquid,  and  thus  i)ievent  oxidation  and  conse- 
quent tendering  of  the  fibre  by  the  action  of  the 
stenm.  The  excellent  circulation  of  the  liquors 
in  the  steamer-kicr  is  a  noteworthy  and  most  im- 
portant feature,  since  it  greatly  facilitates  the 
Baponificatiou  of  the  laiiy  matters  on  the  cotton. 


After  steamin}!,  tlie  liquor  is  run  off,  the  kier 
is  almost  filled  with  hot  water,  and  this  is  circu- 
lated through  the  cloth  by  means  of  the  centri- 
fugal pump  for  one  hour.  A  similar  washing 
with  fresh  hot  water  takes  place  during  another 
hour. 

Each  kier  is  provided  with  two  pairs  of 


Fig.  6. 


Fio.  7. 


waggons,  so  that  while  the  goods  in  one  pair 
are  being  steamed,  the  other  pair  can  be  emptied 
and  refilled  with  cloth  ready  to  be  steamed.  In 
this  manner  the  operation  of  steaming  is  ren- 
dered as  continuous  as  possible  and  a  very  great 
saving  of  time  is  effected. 


Chemicking.  After  receiving  a  thorough 
wash  iu  the  ordinary  roller  washing  machine, 
the  pieces  are  passed  through  a  series  of  vats 
provided  with  rollers  above  and  below,  and 
containing  the  several  agents  already  enume- 
rated.   This   continuous  bleaching  range  is 


Fig.  8. 


shown  in  fig.  8.  Thin  goods  are  run  through 
in  chain  form,  thick  ones  may  be  run  in  the 
oi)cn  width. 

The  bleachiug-powdor  soluiion  is  led  con- 
tinuously to  the  chemic  vats  from  a  high-level 
tank.  The  carbonic  acid  is  prepared  from 
marble   and  hydi-ochloric  acid  iu  a  special 


apparatus,  and  conducted  by  underground  pipes 
to  the  closed  chambers  of  the  bleaching  range. 

The  pieces  pass  through  the  whole  scries  of 
vats  iu  about  three  minutes,  running  at  the  rate 
of  about  sixty  yards  per  miuute. 

The  duration  of  the  Mather-Thompson 
bleaching  process,  fiom  the  grey  to  the  white 
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state,  is  from  ten  to  twelve  hours.  According  to 
;he  patentees,  and  their  statements  seem  to  be 
;orroborated  by  the  reports  of  various  firms  who 
lave  adopted  tlie  process,  the  saving,  compared 
vith  the  ordinary  process  of  bleaching,  is  as  fol- 
ows :  in  value  of  drugs  one-fourth,  of  labour 
)ne-half,  of  water  four-fifths,  of  coal  one-half,  of 
ime  two-thirds.  Much  less  space  is  required, 
dnce  one  stearaer-kier  can  do  the  work  of  four 
)rdinary  boiling  kiers,  and  the  machine  op)era- 
ions  are  reduced  one-half.  The  following  de- 
ails  have  been  furnished  by  H.  Koechlin,  of  the 
joerracli  Printworks. 

To  eii'ect  the  madder  bleach  by  the  stcamcr- 
cier  process,  the  continuous  bleach  with  the 
ijiplication  of  carbonic  acid  Ac.  is  omitted,  the  ^ 
)lder  method  of  chemicking  and  souring  being 
)referred.  Those  who  consider  the  lime-boil  as 
■ssential  may  apply  it  equally  well  by  means  of 
he  steamer-kier. 

The  operations  in  this  case  are  as  follows : — 

1.  Lime-boil  {or  steavi).    Kun  through  milk 

of  lime,  50  grams  per  litre,  and  pile  in 
steamer- waggon  ;  boil  in  steamer-kier  5 
hours  at  10  lbs.  pressure,  circulating 
2,000  litres  water.  Wash  in  kier  with 
hot  water. 

2.  Sour.    Sour  as  usual  with  dilute  HCl 

(sp.gr.  1-015-) ;  pile  2-3  hours  and 
wash. 

3.  Lcy-iweiKire.    Pass  through  NaOH  solu- 

tion (sp.gr.  1-005 -1-01°), heated  to  70°C.,  I 
and  pile  in  steamer-waggon.  j 
.4.  Ley-boil  (or  steam).    Uoil  6  hours  in! 
steamer-kier  at  10  lbs.  pressure,  with  j 
circulation  of  resin-soap  liquor  :  40  kilos  j 
soda-ash,  20  kilos  resin,  1,000  litres 
water.  Wash  four  times  (A-l  hour  each 
time),  with  boiling  water,  and  finally 
with  cold  water,  in  kier. 

5.  Chemicking.  Pass  as  usual  through  dilute 
bleaching  -  powder    solution     (sn.gr.  ! 
1-0025°) ;  wash. 

G.  So2tr.    Pass  as  usual  through  dilute  sul- 
phuric acid  (sp.gr.  1-01°) ;  wash  and 
•  <h-y. 

Perfectly  satisfactory  results,  however,  are 
abtained  by  even  omitting  the  lime-boil  and  pro- 
;eeding  as  follows  : — 

1.  Sour.  Pass  as  usual  through  dilute  H^SOj 

(sp.gr.  1-015°) ;  pile  2-3  hours ;  wash 
and  squeeze. 

2.  Ley  -prepare.     Pass  through  following 

solution  at  70°C. :  20  htres  bisulphite 
of  soda,  sp.gr.  1-3 ;  20  kilos.  NaOH 
(solid  72  j).c.),  1,800  litres  water  ;  pile 
in  steamer-waggons. 

3.  Ley-hail  (or  steam).    Boil  in  steamer- 

kier  6-8  hours  at  10  lbs.  pressure,  with 
circulation  of  resin-soap  liquor:  20 
kilos  NaOH  (soUd  72  p.c),  40  kilos 
soda-ash,  20  kilos  resin,  2,000  litres 
water;  wash  4  times  (.|-1  hour  each 
time),  with  boiling  water,  and  once 
with  cold  water  in  kier. 

4.  Chemicking.    As  above. 

5.  Sour.    As  above  ;  wash  and  dry. 

With  the  exception  of  the  employment  of 
the  steamer-kier  and  the  use  of  bisulphite  of 
soda,  this  process  is  essentially  the  same  as  that 


employed  for  many  years  with  success  by  Messrs. 
Guillaume  Frrres  of  St.  Denis. 

The  preliminary  souring  process  effects  the 
decomposition  of  any  insoluble  fatty  acid  com- 
pounds present  in  the  grey  cloth  ;  it  removes 
calcareous  or  other  mineral  matter  soluble  in 
acids,  and  modifies  any  starchy  matter  present, 
l^robably  rendering  it  more  soluble.  The  addi- 
tion of  the  small  proportion  of  the  reducing  agent 
bisulphite  of  soda,  along  with  the  caustic  soda 
in  the  in-eparing  process,  is  intended  to  j^revent 
any  oxidation  and  consequent  tendering  of  the 
cotton  during  the  steaming  process.  The  use  of 
resin-soap  along  with  the  caustic  soda,  combined 
with  the  perfect  circulation  of  the  liquor,  is 
very  material  to  the  success  of  this  the  shortest 
modern  method  of  madder  bleaching,  for  reasons 
already  stated. 

According  to  H.  Koechlin,  this  method  gives 
a  perfectly  satisfactory  bleach.  The  white  is 
not  permanently  stained  in  an  alizarin  dye-bath, 
and  does  not  become  yellow  on  steaming. 

A  noteworthy  recent  invention  of  Dr.  (i.  Lunge 
is  the  appilication  of  acetic  acid  in  connection 
with  bleaching-powder,  in  place  of  mineral 
acids  or  carbonic  acid.  It  can  be  applied  im- 
mediately before  or  after,  or  even  along  with 
the  solution  of  bleaching-powder.  It  liberate.s 
hypochlorous  acid  with  forijiation  of  soluble  cal- 
cium acetate.  When  the  hypochlorous  acid  exer- 
cises its  bleaching  jjower,  it  gives  up  oxygen  and 
produces  hydrochloric  acid,  which  immediately 
acts  upon  the  calcium  acetate.  In  this  manner 
the  acetic  acid  is  reproduced,  and  is  thus  ready  to 
decomijose  fresh  portions  of  calcium  hypochlorite. 

A  solution  of  sulphurous  acid  has  been  used 
by  some  bleachers  for  the  final  souring  process 
in  place  of  sulphuric  acid,  over  which  it  possesses 
the  advantage  of  being  an  antichlor,  in  conse- 
quence of  its  reducing  action. 

A  passing  reference  may  be  made  to  the  so- 
called  elect)  ical  bleaching  processes  of  Hermite 
and  others,  the  sole  feature  of  which  is  that  the 
bleaching  liquid  (hypochlorite)  is  furnished  by 
j)assing  an  electric  current  through  solutions  of 
calciunr  or  magnesium  chloride,  or  other  similar 
salts.  They  are  all  more  or  less  in  an  experi- 
mental stage,  and  the  results  obtained  arc  such 
that  one  cannot  reasonably  expect  to  see  bleach- 
ing-powder replaced  in  the  near  future  by  any 
electrically  produced  bleaching  liquid. 

The  history  of  cotton  bleaching  may  be 
briefly  said  to  comprise  the  following  note- 
worthy imp  ovements  : — 

1.  The  I  se  of  chlorine  gas  by  Berthollet  in 
1787,  and  of  hypochlorite  of  lime  in  1799  by 
Tennaut. 

2.  The  boiling  with  carbonate  of  soda  in- 
stead of  caustic  soda,  after  the  hme-boil,  intro- 
duced from  America  about  1837.  A  more 
effectual  decomposition  of  the  lime-soaps  was 
thus  obtained. 

3.  The  adoption  of  the  lime-sour  as  proposed 
by  A.  Scheurer-Kott  in  1837. 

4.  The  use  of  resin-soap  in  the  ley-boila 
about  the  same  period. 

5.  The  introduction  of  high-pressure  boiling 
kiers  about  1844. 

0.  The  use  of  caustic  alkali  and  resin-soap 
in  conjunction  with  the  steamer-kier,  to  the 
exclusion  of  the  lime-boil,  in  1883-84. 
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Linen  bleaching.  Since  the  retted  llax  tibrc 
contains  a  mucli  larger  proportion  of  natural  ' 
impurities  than  cotton,  e.g.  25-30  p.c.  pectic  aoiil, 
beside  fatty  matter  etc.,  linen  is  not  bo  readily 
bleached  as  cotton.  In  the  main,  however,  the 
methods  adopted  for  the  two  fibres  are  the  same. 
Linen  is  bleached  in  the  fonu  of  yarn,  thread, 
or  cloth. 

Linen-yarn  bleaching.  Very  frequently  linen 
j-arn  is  only  partially  bleached,  the  process  being 
completed,  if  necessary,  when  the  yarn  has  been 
woven  into  cloth. 

The  following  operations  are  employed  in 
order  to  obtain  '  half-white  '  or  cream,  with  1,500 
kilos  yarn,  using  low-pressure  kiers :  i 

1.  Ley-boil.    Boil  3-4  hours  in  solution  of 

150  kilos  soda-ash  ;  wash  and  squeeze. 

2.  Chcmick  (Reel).  Eeel  1  hour  in  bleach- 

ing-powder  solution,  sp.gr.  1-0025° ; 
wash. 

3.  Sour.    Steep  1  hour  in  dilute  sulphuric 

acid,  sp.gr.  1-005°  ;  wash. 

4.  Ley-boil  (Scald).    Boil  1  hour  in  solution 

•  of  30-75  kilos  soda-ash ;  wash. 

5.  Chemick.  Reel  in  dilute  solution  of  bleach- 

ing-powder,  sp.gr.  1-0025°  ;  wash. 

6.  Svur.    Steep  1  hour  in  dilute  sulphuric 

acid,  sp.gr.  1-005°  ;  wash  well  and  dry. 

If  the  yarn  should  be  bleached  more  com- 
pletely, then  operations  4,  5,  and  6  are  repeated 
two  or  three  times,  as  may  be  found  necessary, 
with  this  difference,  that  between  4  and  5  the 
yam  is  'grassed,'  i.e.  exposed  in  the  field  to  the 
action  of  the  air,  light,  and  moisture,  for  several 
days.  By  introducing  this  very  gentle  method 
of  bleaching,  the  full  strength  of  the  fibre  is  better 
maintained. 

The  various  operations  are  conducted  in  ap- 
paratus precisely  similar  to  that  employed  in  the 
bleaching  of  cotton  yarn,  except  in  the  operation 
of  chemicking.  Although  steeping  under  sieve 
in  dilute  bleach  ing-powder  solution  might  well 
be  employed,  it  is  usual  to  suspend  the  hanks  of 
linen  yarn  on  reels  in  such  a  manner  that  they 
are  only  partially  immersed  in  the  solution  con- 
tained in  a  shallow  tank.  As  the  reels  revolve 
the  yam  becomes  thus  alternately  impregnated 
with  the  solution  and  exposed  to  the  air.  The 
liberation  of  hjijochlorous  acid  by  the  carbonic 
acid  of  the  air  is  advantageous,  and  the  bleach 
is  more  effective  and  regular. 

The  application  of  acetic  acid,  as  proposed 
by  Lunge,  instead  of  this  exposure  to  air,  may 
here  be  strongly  recommended,  since  then  no  in- 
soluble lime  salt  is  fixed  on  the  fibre,  and 
the  subsequent  souring  could  be  reduced  to  a 
minimum. 

To  avoid  the  presence  of  caustic  lime  some 
bleachers  use  hypochlorite  of  magnesia,  as  pro- 
posed by  Hodge,  instead  of  bleaching  powder. 

Linen-cloth  bleaching.  The  old  method  of 
bleaching  linen-doth  consisted  in  alternately 
boiling  the  fabric  with  solutions  of  sodium  car- 
bonate and  exposing  on  the  grass,  succeeded  by 
souring,  and  rubbing  with  solutions  of  soap. 
The  modern  method,  adapted  from  that  em- 
ployed for  calico,  is  given  in  the  following 
rkswmb.  It  is  intended  for  1,500  kilos,  brown 
linen,  using  low-pres.<iure  kiers:  — 

1.  Limc-boil.    Boil  14  hours  with  125  kilos, 
lime,  2,000  litres  water  ;  wash. 


2.  Sour.  Steep  2-6  hours  in  dilute  hydro- 
chloric acid,  sp.gr.  1  -0025 ;  wash  in 
stocks,  turn-bank,  wash. 

3.  Ley-boils.  First,  boil  8-10  hours  with 
2,000  litres  water  containing  resin-soap: 
30  kilos,  caustic  soda  (solid),  30  kilos, 
resin,  previously  boiled  together  with 
water ;  secondly,  boil  6-7  hours  with 
2,000  litres  water,  15  kilos,  caustic  soda 
(solid),  previously  dissolved  ;  wash. 

4.  Expose  in  field  2-7  days  according  to  the 
weather. 

5.  Chemick.  Steep  4-6  hours  in  dilute 
bleaching  •  powder  solution,  sp.gr. 
1-0025°;  wash. 

G.  Sour.  Steep  2-3  hours  in  dilute  sulphario 

acid,  sp.gr.  1-005°  ;  wash. 
7.  Ley-boil  (scald).    Boil  4-5  hours  with 
2,000  litres  water,  8-13  kilos  caustic 
soda  (solid) ;  wash, 
fe.  Expose  in  fit-Id  2-4  days. 
9.  Chemick.    Steep  3-5  hours  in  dilute 
bleaching  -  powder    solution,  sp.gr. 
1-00125°;  wash. 
At  this  stage  the  cloth  is  examined ;  those 
pieces  which  are  sufficiently  bleached  are  soured 
and  washed,  the  rest  are  further  treated  as 
follows :  — 

10.  Hub  with  rubbing  boards  and  a  solution 

of  soft  soap. 

11.  Expose  infield  2-4  days. 

12.  Chemick.    Steep  2-4  hours  in  dilute 

bleaching  -  powder  solution,  sp.gr. 
1-0006°;  wash. 

13.  Sour.  Steep  2-3  hours  in  dilute  sulphuric 

acid,  sp  gr.  1-005°. 

14.  Wash,  squeeze,  and  dry. 

If  the  linen  is  not  brown,  but  made  of  yarn 
already  partly  bleached,  the  above  process  is 
much  curtailed,  and  weaker  liquors  are  employed. 

The  kiers,  chemicking  and  souring  machines 
are  the  same  as  those  used  in  cotton  yarn  bleach- 
ing. The  washing  is  done  in  the  so-called  wash- 
stocks  or  by  slack-washing  machines.  The  latter 
are  very  similar  to  the  cotton-washing  machines, 
the  chief  difference  being  that  the  water-tank  is 
divided  into  compartments,  each  of  which  holds 
a  few  yards  of  slack  cloth  forming  each  strand, 
before  it  passes  through  the  squeezing  rollers. 

The  '  rubbing '  referred  to,  is  for  the  purpose 
of  removing  mechanically  any  remaining  brown 
particles  of  ligneous  matter  termed  '  sprits."  It 
consists  in  passing  the  chain  of  cloth  through  a 
solution  of  soap,  and  then  immediately  between 
a  pair  of  horizontal,  corrugated,  heavy  boards; 
the  upper  board  rests  loosely  upon  the  lower 
one,  and  moves  lengthwise  to  and  fro,  while  the 
pieces  pass  between  them  at  right  angles. 

The  operation  of  '  turn-hanking  '  consists  in 
disentangling  the  pieces  after  they  have  been 
washed  in  the  stocks,  and  then  refolding  them 
for  a  further  wash,  thus  insuring  a  thorough 
cleansing  of  every  jiortion  of  the  cloth.  When 
slack-washing  machines  are  employed  the  opera- 
tion is  of  course  not  necessary. 

The  chemistry  of  linen  bleaching  is  essenti- 
ally the  same  as  that  of  bleaching  cotton.  The 
poi  tic  acid,  fatty  matters,  etc.,  are  rendered  so- 
luble by  the  alkaline  boilings,  and  the  colouring- 
nuittors  still  remaining  are  oxidised  and  destroyed 
by  hypochlorites.    The  repetition  of  these  opera- 
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tions  is  considered  necessary  by  reason  of  the 
large  percentage  of  impurities  present ;  but  it  is 
very  probable  that  good  results  would  be  obtained 
by  adopting  the  more  rational  plan  of  first  re- 
moving the  whole  of  the  pectic  and  fatty  matters 
before  applying  the  hypochlorites.  The  steamer- 
kier  process  in  conjunction  with  the  application 
of  acetic  acid  and  hypochlorites  is  wtU  worth 
the  attention  of  practical  linen  bleachers. 

Wool  scouring  and  bleaching.  The  bleaching 
of  wool  never  forms  a  separate  industry,  as  in  the 
case  of  cotton  and  linen,  and  although  in  itself 
of  minor  importance,  it  is  necessarily  jjreceded 
by  the  operation  of '  scouring,'  which  is  of  funda- 
mental injportance  both  to  the  woollen  manu- 
facturer and  the  dyer. 

In  its  natural  condition  the  wool  fibre  is  con- 
taminated with  15-70  p.c.  of  foreign  matter, 
consisting  partly  of  dirt  &c.  derived  from  with- 
out, but  mainly  of  certain  fatty  matters  desig- 
nated as  '  yolk,'  secreted  by  the  animal  fi  om 
which  it  is  derived.  This  secretion  is  separable 
into  two  parts  :  the  one,  '  wool-perspiration,'  is 
soluble  in  water,  and  consists  essentially  of  the 
potassium  compounds  of  oleic  and  stearic  acids 
(potash  soaps)  &c. ;  the  other  portion,  termed 
'  wool-fat,'  is  insoluble  in  water,  and  is  composed 
of  cholesterine  and  iso-cholesterine,  which  exist 
partly  in  the  free  state,  but  chiefly  in  combina- 
tion witli  oleic  acid  and  other  fatty  acids. 

Loose-wool  scouring.  The  object  of  scouring 
wool  is  to  remove  from  it  the  yolk,  &c.,  and  thus 
render  it  more  suitable  for  spinning,  dyeing,  or 
bleaching.  Two  methods  of  effecting  it  may  be 
employed.    The  one  generally  adopted  is  to  treat 


the  wool  with  dilute  alkaline  solutions  capable 
of  forming  emulsions  with  the  yolk  ;  the  other 
mode  is  to  submit  the  wool  to  the  successive 
action  of  fat  solvents,  carbon  disulphide,  &c., 
and  of  water. 

Scouring  with  alkaline  solutions.  When 
carried  out  in  the  most  complete  manner,  as  it  is 
conducted  in  Belgium,  this  method  comprises 
the  following  operations : 

1.  Steep  several  hours  in  tepid  water. 

2.  Scour  1.5-30  minutes  with  dilute  alkaline 

solutions  (soap,  sodium  carbonate,  &c.) 
at  about  50°C. 
.3.  Wash  with  water. 

The  steeping  is  performed  in  a  series  of  large 
iron  tanks,  in  which  the  wool  is  systematically 
washed  or  rather  steeped  in  water  heated  to 
45 -C,  until  it  is  deprived  of  soluble  matter.  As 
a  rule  two  to  three  steeps  with  fresh  water  are 
found  suliioient ;  but  it  is  customary  to  pass  the 
wash  water  through  several  lots  of  wool  until  it 
becomes  well  saturated  with  '  wool-perspiration.' 
The  operation  is  not  carried  out  in  England.  It 
is  particularly  advantageous  in  the  case  of  wools 
rich  in  yolk  {e.g.  Buenos  Ayres  wool,  &c.),  since 
it  prevents  too  rapid  soiling  of  the  scouring 
bath  and  consequent  staining  of  the  wool,  and 
thus  it  tends  to  ensure  more  complete  scouring. 
By  evaporating  the  waste  steeping-liquors  to 
dryness  and  calcining  the  residue,  a  good  quality 
of  potassium  carbonate,  containing  very  little 
sodium  salts  and  suitable  for  glass  manufacturers, 
is  obtained. 

The  sctmring  and  wasliing  of  the  wool  in 
order  to  remove  the  remaining  '  wool-fat '  is  best 
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performed  by  the  aid  of  so-called  wool-scouring 
machines,  one  of  which  (J.  &  W.  McNauglit's) 
is  shown  in  fig.  9. 

It  consists  of  a  large  rectangular  trough  a, 
with  a  light  frame  b  suspended  over  it  by  chains 
and  carrying  a  series  of  transverse,  fixed,  vertical 
rakes  or  combs  c. 

The  wool,  either  in  its  raw  condition  or  after 
steeping,  is  spread  evenly  on  the  moving  endless 
apron  or  feeder  d  ;  it  is  thus  continuously  intro- 
duced at  one  end  of  the  trough. 

By  suitable  mechanism  the  frame  is  low^ercd, 
and  the  wool  is  at  once  pressed  beneath  the  sur- 
face of  the  scouring  liquor  by  the  perforated  tray 
or  sieve  e.  When  the  frame  is  sufficiently 
lowered  it  moves  forward,  the  rakes  gently  carry- 
ing the  wool  towards  the  other  end  of  the  trough. 
When  the  forward  stroke  is  completed,  the  frame 
is  lifted  up,  the  rakes  rise  vertically  out  of  the 
liquid,  and  the  frame  returns  to  its  original  posi- 
tion.   By  these  successive  movements  the  wool 


is  slowly  passed  through  the  scouring  liquor. 
At  the  delivery  end  it  is  carried  up  the  inclined 
plane  f  by  the  rakes  fixed  on  the  small  frame  a, 
which  is  hinged  to  the  larger  one.  Having  been 
pushed  over  the  ridge,  the  wool  slijjs  down  be- 
tween the  squeezing  rollers  nu,  ready  to  be  passed 
through  a  second  similar  machine. 

The  working  of  the  machine  as  above  de- 
scribed is  suitable  for  Botany  and  other  fine 
classes  of  wool.  When  washing  low  Cape,  River 
Plate,  and  similar  wools  which  contain  much 
dirt  and  sand,  an  additional  movement  is  given 
to  the  rakes  while  in  the  liquor.  This  is  effected 
by  having  the  rakes  fixed  in  a  second  frame  oo, 
which  receives  a  slight  backward  and  forward 
movement  by  means  of  the  rod  o  and  the  cam  k, 
during  the  onward  movement  of  the  main  frame 
BB  to  which  it  is  attached.  By  this  means  the 
wool  is  slightly  opened  out  and  agitated,  and  the 
sand  and  dirt  fall  through  the  perforated  gra- 
ting LL.    When  the  scouring  liquor  rjecomes  too 
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soiled  for  farther  use,  the  steam  injectors  sni  are 
brought  into  action  in  order  to  stir  up  all  sedi- 
ment, and  the  dirty  liquor  is  run  off  by  the  plug- 
hole N. 

For  a  complete  arrangement  there  should  be 
at  least  three  such  machines  placed  in  line,  so 
that  the  wool  passes  automatically  from  one  to 
the  other.  The  first  contains  more  or  less 
soiled  scouring  liquid  which  has  been  previously 
used  in  the  second  trough  ;  the  second  contains 
fresh  scouring  liquid,  and  the  third  a  continual 
flow  of  clean,  cold,  or  preferably  tepid  water. 

The  choice  of  scouring  agent  depends  upon 
the  character  and  quality  of  the  wool.  For 
fine  lustrous  wools  and  such  as  are  poor  in 
yolk,  a  mild  scouring  agent  should  be  selected, 
e.g.  soap,  ammonia,  ammonium  carbonate,  lant, 
&c.,  that  is  to  say,  agents  which  are  capable  of 
removing  the  yolk  with  ihe  least  injury  to  the 
fibre.  The  best  soaps  to  use  are  those  which 
are  most  soluble  and  least  likely  to  contain  any 
trace  of  caustic  or  carbonated  potash  or  soda. 
Should  these  injurious  constituents  be  present, 
the  soap  solution  may  be  de-alkalised  by  the  ad- 
dition of  a  small  quantity  of  boracic  acid  or 
ammonium  chloride,  thus  yielding  the  less  in- 
jurious alkali  borates  and  ammonia,  respectively. 

Potash  soaps  being  very  apt  to  contain  excess 
of  alkali  should  be  critically  examined.  An 
excellent  and  very  soluble  soap  may  be  readily 
made  from  oleic  acid  and  caustic  soda. 

Although  a  perfectly  neutral  soap  does  not 
always  effect  a  rapid  and  complete  removal  of 
yolk,  still  it  is  better  to  adopt  it,  since  one  can 
always  add  the  proper  quantity  of  other  agents, 
e.g.  sodium  carbonate,  ammonia,  &c.,  when 
necessary. 

For  low  class  wools  containing  a  large  pro- 
portion of  yolk,  and  when  cheapness  is  a  de- 
sideratum, sulliciently  satisfactory  results  are 
obtained  by  the  proper  use  of  sodium  carbonate 
free  from  caustic  soda  or  other  injurious  im- 
purity. Suitable  sodium  carbonates  are  now 
sold  under  such  commercial  names  as  refined 
soda-ash,  solvay  soda,  concentrated  crystal 
soda  (Brunner,  Mond,  &  Co.),  crystal  carbonate 
(Gaskell,  Deacon,  &  Co.),  &c. 

It  is  impossible  to  give  precise  data  mth  re- 
spect to  the  concentration  and  temperature  of 
the  scouring  solution  to  be  employed,  since 
these  vary  somewhat  according  to  the  character 
of  the  wool  operated  upon.  If  the  best  results 
are  to  be  obtained  the  solutions  must  always  be 
applied  as  dilute  and  at  as  low  a  temperature 
(about  50°C.)  as  is  consistent  with  the  complete 
removal  of  the  yolk. 

Tlie  waste  scouring-liquors  are  collected  in 
large  tanks  and  neutralised  with  sulphuric  acid  ; 
the  liberated  fatty  acids  are  sold  to  oil  refiners 
who  by  distillation  obtain  purer  products,  suit- 
able for  making  soap. 

Scouring  with  volatile  liquids.  This  method 
is  still  only  in  an  experimental  stage,  although 
it  is  probably  the  one  which  will  be  largely 
adopted  in  the  future.  Mechanical  diniculties, 
the  fear  of  fire  and  explosions,  the  first  cost  of 
the  scouring  agent,  etc.,  seem  to  have  prevented 
the  general  adoption  of  this  process.  Its  ad- 
vantages are  that  the  wool-fat  is  more  com- 
pletely removed  than  by  the  emulsion  mclliod, 
and  the  wool  itself  is  not  injured.   A  certain 


degree  of  success  has  been  obtained  by  the 
method  proposed  in  recent  years  by  T.  J.  MuUings, 
I  and  tried  on  a  large  scale.    It  consists  in  sub- 
I  mitting  the  wool  to  the  action  of  carbon  disul- 
I  phide  in  a  closed  centrifugal  machine  until  the 
'  whole  of  the  wool-fat  is  dissolved,  then  expelling 
the  solvent  by  means  of  water,  and  not  as  here- 
tofore by  heat  or  steam,  which  always  leaves  the 
wool  with  a  yellow  colour.    The  wool  must  after- 
wards be  washed  in  warm  water  to  remove  wool- 
perspiration  and  other  impurities.    The  wool 
cleansed  in  this  manner  is  said  to  be  stronger, 
capable  of  spinning  finer  yarn  and  with  less 
waste  and  at  less  cost  than  if  scoured  by  the 
ordinary  method  with  soap. 

The  same  principle  is  adopted  in  the  recently 
patented  process  of  Singer  and  Judell  of  Adelaide, 
who  employ,  however,  a  more  elaborate  and  more 
perfect  apparatus,  whereby  the  scouring  is  made 
continuous.  The  raw  wool  is  placed  on  a  feeding 
apron  and  carried  along  between  two  broad  end- 
less bands  of  wire  gauze,  first  through  a  succes- 
sion of  fourteen  tanks  containing  carbon  disul- 
phide  and  then  through  five  containing  water, 
all  suitably  inclosed.  The  wool,  still  held 
between  the  wire  gauze  bands,  then  passes 
between  hot  rollers  in  a  steam-heated  di-ying 
chamber  and  emerges  in  a  scoured,  washed,  and 
dried  condition.  Arrangements  for  automatically 
collecting  the  dirt  which  settles  from  the  carbon 
disulphide,  for  separating  the  latter  from  the 
water,  distilling  and  returning  it  to  the  scouring 
tanks  with  the  least  possible  loss,  are  all  pro- 
vided for  by  ingenious  devices,  and  the  general 
arrangement  seems  eminently  typical  of  the 
method  of  scouring  wool  to  be  adopted  in  the 
future.  It  is  said  to  have  been  already  worked 
with  success  in  Australia. 

Woollen-yarn  scouring.  The  object  of 
scouring  woollon  yarn  is  to  remove  the  oil  with 
which  wool  has  been  impregnated  by  the  spinner. 
Precisely  the  same  agents  are  used  as  for  loose 
wool,  but  the  machinery  employed  is  necessarily 
j  different. 

Those  yarns  which  have  a  tendency  to  curl  up 
because  they  have  been  highly  twisted  are  sub- 
mitted to  the  preliminary  operation  of  'stretch- 
ing ' ;  it  also  prevents  them  from  shrinking 
during  the  subsequent  scouring  process. 

The  hanks  of  yarn  are  suspended  on  the 
arms  of  a  strong  iron  frame  and  tightlystretched 
by  means  of  screws.  Thus  charged  the  frame  is 
immersed  in  boiling  water  for  a  few  minutes. 
After  changing  the  position  of  the  hanks  on  the 
arms,  the  ojieration  is  repeated,  the  yarn  is 
allowed  to  cool  in  the  stretclied condition,  and  is 
then  removed  ready  for  scouring. 

The  scouring  of  yarn  is  effected  either  by 
hand  or  by  machine.    In  the  first  case  the 
!  hanks  of  yarn  are  suspended  on  wooden  rods 
placed  across  a  rectangular  steam-heated  tank 
containing  the  scouring  liquor.    During  a  period 
of  fifteen  to  twenty  minutes  the  rods  are  swayed 
to  and  fro  by  hand,  one  by  one,  each  hank 
being  frequently  turned  in  order  to  expose  every 
portion  to  the  action  of  the  liquor.    The  yarn  is 
washed  in  another  tank  in  the  same  manner, 
j      Yarn-scouring  machines  are  to  be  met  with 
I  in  several  forms.    A  very  effective  one  consists 
I  of  a  rectangular  tank  c  having  several  rollers 
I  above  and  beloiv,  and  a  pair  of  squeezing  roUera 
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A  B  situated  at  one  end.  The  lianlis  of  yarn, 
linked  together  by  means  of  string  loops,  are 
passed  continuously  through  the  scouring  liquor, 
and  are  then  washed  in  a  similar  machine 
(see  fig.  10). 
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Woollen-cloth  scouring.  Woollen  cloth  is 
also  scoured  for  the  purpose  of  removing  the  oil 
with  which  the  yarn  is  impregnated  by  the 
spinner.  The  operation  consists  in  passing  the 
cloth  as  an  endless  band,  either  in  the  chain  form 
or  in  the  open  width,  through  the  scouring 
liquor  and  then  through  a  pair  of  squeezing 
rollers. 

For  thick  woollen  cloths,  flannels,  &c.,  the 
chain-scouring  is  preferred,  since  a  certain 
amount  of  felting  takes  place  and  the  cloth 
acquires  a  better  handle.  For  worsted  goods 
and  such  as  are  liable  to  crease,  scouring  in  the 
open  width  is  preferable. 
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Figure  11  shows  a  section  of  E.  Kempe's 
machine  for  this  purpose.  It  consists  of  two 
squeezing  rollers,  a  and  b,  placed  above  the 
wooden  trough  c  containing  the  scouring  liquor. 
The  roller  d  serves  t»  draw  the  cloth  from  the 
squeezing  rollers,  and  causes  it  to  fall  in  regular 
folds  upon  the  inclined  plane  eb.  This  is 
covered  with  corrugated  zinc,  the  grooves  of 
which  run  longitudinally,  in  order  to  reduce  the 
friction  of  the  cloth,  and  to  prevent  the  latter 
from  moving  to  either  side.  The  upper  part  of 
the  inclined  plane  is  hinged  at  f  so  that  tire 
inclination  of  this  part  can  be  regulated  to  suit 
different  qualities  of  cloth,  and  to  ensure  that  it 
always  slips  down  in  regular  folds  without  any 
tendency  to  fall  over  or  become  blocked.  The 
perforated  water-pijjes  gg  are  for  the  pui'pose  of 
washing  the  cloth  after  scouring. 

Bleaching  of  wool.  A-fter  scouring,  the 
Wool  still  possesses  a  faint  yellow  tint,  to  re- 


move which  is  the  object  of  the  bleaching  pro- 
per. The  agent  almost  universally  employed  is 
sulphur  dioxide,  either  ia  the  form  of  gas  (gas- 
bleaching)  or  in  solution  (liquid-bleaching). 
Hydrogen  dioxide  is  still  too  expensive  to  admit 
of  extended  application,  but  it  serves  as  an  ex- 
cellent bleaching  agent  for  certain  fine  materials. 

Gas-bleaching,  stoving,  or  sulphuring,  con- 
sists in  exposing  the  scoured  and  washed  woollen 
material,  while  still  wet,  to  the  action  of  sulphur 
dioxide  in  a  brick  chamber.  Yarn  or  thick 
cloth  is  suspended  on  poles,  the  sulphur  (6-8 
p.c.  on  the  weight  of  wool)  contained  in  an  iron 
pot  is  ignited,  the  chamber  door  is  closed,  and 
the  material  is  then  left  exposed  to  the  action 
of  the  gas  for  six  or  eight  hours,  or  even  over- 
night. Thin  cloth  is  generally  passed  in  a  con- 
tinuous manner  through  a  similar  chamber  pro- 
vided with  rollers  above  and  below.  The  cloth 
in  the  open  width  enters  through  a  narrow  slit 
at  one  end  of  the  chamber  ;  it  passes  in  a  zig- 
zag course  under  and  over  the  rollers  to  the 
further  end,  then  returns  and  passes  out  by  the 
same  slit.  The  sulphur  dioxide  is  prepared  in 
the  stove  itself,  or  it  is  produced  in  a  separate 
furnace  and  led  beneath  the  perforated  lioor  of 
the  chamber.  According  to  the  appearance  of 
the  fabric  it  is  passed  through  the  bleaching 
chamber  one  or  more  times.  Fig.  12  gives  a 
sectional  view  of  the  sulphur  stove  for  the  con- 
tinuous bleaching  of  cloth. 

In  liquid-blcarjiing  the  woollen  material 
is  immersed  and  moved  about  for  several  hours 
in  a  solution  of  sulphurous  acid,  or  in  one  con- 
taining sodium  bisulphite,  and  acidified  with 
sulphuric  acid.  One  may  also  steep  the  wool, 
first  in  a  solution  of  sodium  bisulphite  and  then 
in  dilute  sulphuric  acid,  and  repeat  the  opera- 
tions as  often  as  may  be  necessary.  The  liquid- 
bleaching  process  has  not  met  with  that  general 
acceptance  to  which  it  seems  entitled. 

After  bleaching,  the  materials  are  well  washed 
and  tinted  blue  or  bluish-violet,  e.g.  with  refuied 
indigo,  indigo-extract,  aniline-blue,  &e.  in  order 
to  counteract  the  yellowish  tint  which  is  so  liable 
to  return.  Blue  and  yellow,  as  complementary 
colours,  tend  to  produce  white. 

The  bleaching  action  of  sulphurous  acid  is 
most  probably  due  to  its  reducing  properties. 
According  to  this  view  the  sulphurous  acid  takes 
up  oxygen  from  the  water  present,  while  the 
liberated  hydrogen  combines  with  the  colouring 
matter  of  the  wool  to  form  a  colourless  hydro- 
gen compound.  Another  explanation,  however, 
is  that  a  colourless  sulphite  compound  may  be 
formed.  Frequent  washing  of  the  wool  with 
alkaHne  solutions  restores  the  yellow  colour, 
either  by  effecting  oxidation  of  the  colourless 
hydrogen  compound,  or  by  decomposing  the 
sulphite  compound  and  precipitating  the  original 
yellow  colouring  matter.  It  seems  evident,  how- 
ever, that  the  yellowing  influence  of  alkalis  is 
largely  due  to  their  further  action  upon  the  wool 
substance  itself,  since  they  cause  the  wool 
eventually  to  become  yellower  than  it  was  before 
bleaching. 

Bleaching  with  hydrogen  peroxide  is  effected 
by  steeping  the  wool  for  several  hours  in  more 
or  less  dilute  solutions  of  this  liquid  made 
slightly  alkaline  by  the  addition  of  ammonia. 
The  simultaneous  action  of  light  accelerates  and 
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improves  the  bleaching.  The  white  is  very  good 
and  permanent,  probably  because  in  this  case, 
the  colouring  matter  is  destroyed  by  oxidation. 
Excessive  bleaching  by  this  method  gives  the 
wool  a  harsh  feel.  Lunge  recommends  a  slight 
treatment  with  hydrogen  peroxide  of  sulphur 
bleached  wool  in  order  to  oxidise  and  thus 
render  innocuous  traces  of  sulphurous  acid  not 
removed  by  washing.  A  very  dilute  solution  of 
sodium  h^-pochlorite  and  exposure  to  air  will 
effect  the  same  purpose. 

Silk  scouring  and  bleaching.  The  raw  silk 
fibre  consists  essentially  of  two  substances, 
fibroin  and  sericin.  The  former  constitutes  the 
central  portion  of  the  fibre  and  may  be  regarded 
as  the  fibre  proper,  while  the  latter  resides  prin- 
cipally in  the  external  part  and  is  readily  re- 


moved by  watfir  and  especially  alkaline  solu- 
tions. 

Raw  silk  is  iiarsh,  stiff,  lustreless,  and  more 
or  less  unsuitable  for  dyeing,  but  when  the  ex- 
ternal sericin  or  silk-glue  is  removed  it  becomes 
soft  and  lustrous,  and  acquires  an  increased 
affinity  for  colouring  matters. 

The  object  then  of  scouring  is  to  remove  the 
silk-glue  from  the  raw  silk.  It  is  effected  by  the 
two  operations,  '  stripping  '  and  '  hoiling-off.^ 

Stripping  or  ungtimming.  In  order  to  re- 
move calcareous  or  other  mineral  matter  soluble 
in  dilute  acids,  it  is  well  first  to  rinse  the  silk  in 
a  tepid  bath  of  dilute  hydrochloric  acid,  and 
then  wash.  The  hanks  of  silk  a  e  then  hung  on 
smooth  wooden  rods  and  worked,  as  in  woollen- 
yarn  scouring,  in  a  soap  bath  heated  to  about 
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90°-.95°C.  for  about  twenty  minutes.  A  second, 
and  even  a  third  bath  may  be  used  with  advan- 
tage. Long  working  in  one  bath  is  not  good, 
especially  for  silk  intended  to  be  white,  since  the 
silk  (fibroin)  is  apt  to  attract  some  of  the  colour- 
ing matter  at  first  removed  along  with  the  silk 
glue,  and  it  is  afterwards  very  difiicult  to  remove. 
With  yellow  silk  this  point  must  be  carefully 
attended  to. 

During  the  stripping  operation  the  sericin  at 
first  swells  up  and  makes  the  silk  somewhat 
glutinous,  but  soon  it  dissolves  off  and  leaves  the 
fibre  soft  and  lustrous.  The  waste  soapy  liquors, 
strongly  impregnated  with  sericin,  arc  care- 
fully preserved  and  (iud  an  important  use  in  silk- 
dyeing  under  the  name  of  '  boiled-olT  liquor.' 
When  applying  the  coal-tar  colours,  it  servos  to 
retard  their  attraction  by  the  silk  and  thus  en- 
sures the  production  of  even  or  level  colours. 

After  stripping  the  silk  is  rinsed  in  water 
containing  a  small  proportion  of  soap  and  sodium 
carbonate. 

Jioiling-off.  The  object  of  this  operation  is 
to  complete  the  removal  of  the  silk-glue  and 


thus  give  the  silk  all  the  lustre  and  brilliancy  of 
which  it  is  capable.  The  hanks  of  silk  are  tied 
up  in  coarse  bags  of  cotton  or  hemp,  generally 
called  'pockets,'  and  these  are  boiled  for  one  to 
three  hours  in  open  copper  boilers.  The  silk  is 
then  well  rinsed  in  a  weak  tepid  solution  of 
carbonate  of  soda,  and  finally  in  cold  water. 

During  the  oinrations  above  described, 
Japanese  and  Chinese  silks  lose  18-2'2  p.c.  in 
weight.  I'^uroiH'an  silks  lose  25-HO  p.c. 

Bleaching  of  silk.  The  actual  bleaching  of 
silk  is  effected  by  exposing  the  scoured  silk  while 
still  in  the  wet  state  to  the  action  of  sulphur- 
dioxide  gas.  The  operation  is  precisely  similar 
to  the  stoving  of  wool. 

In  certain  cases,  e.g.  with  so-called  '  souple ' 
silk,  the  stoving  is  preceded  by  a  preliminary 
bleaching  in  aqua  regia,  diluted  to  sp.gr.  1-02 
and  heated  to  20"-35°C.  The  silk  is  rinsed  in 
this  solution  for  8-15  minutes  until  it  acquires 
a  greenish -grey  colour,  and  then  at  once  washed 
well  in  cold  water.  A  dilute  solution  of  the  so- 
called  '  chamber-crystals  '  of  the  sulphuric  acid 
manufacture  may  replace  the  aqua  regia. 
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The  bleaching  of  silk  with  hydrogen  peroxide 
is  gradually  being  more  and  more  adopted, 
especially  for  Tussur  silk  and  other  wild  silks. 
Indeed  for  these  silks  no  other  method  of 
bleaching  is  so  satisfactory.  The  silk  is  steeped 
and  worked  in  a  dilute  solution  of  hydrogen  per- 
oxide, rendered  slightly  alkaline  with  ammonia, 
until  it  is  sufficiently  bleached.  A  more  rapid 
and  effective  method  is  to  steep  the  silk  in  a 
somewhat  stronger  solution,  then  wring  out  the 
excess  of  liquid  and  steam.  The  operations  may 
be  repeated  until  the  silk  is  sufficiently  bleached. 

Tinting  of  silk.  Bleached  silk  is  finally  tinted 
or  dyed  in  delicate  shades  of  blue,  puri^lish-blue, 
cream  colour,  etc.  For  pure  white  it  is  usual  to 
dye  the  silk  in  a  very  dilute  solution  of  ammo- 
niacal-cochineal  and  indigo-carmine.  Various 
suitable  coal-tar  colours  are  also  employed. 
After  tinting,  the  silk  is  slightly  rinsed  in  water 
and  dried  in  a  moderately  warm  and  darkened 
stove.  J.  J.  H. 

BLENDE,  from  Blcndcn,  Ger.,  to  dazzle. 
Native  zinc  sulphide.  It  usually  contains  iron 
sulphide  which  gives  it  a  black  colour,  whence 
the  name  Black  Jack  aiiplied  to  it.  An  impor- 
tant ore  of  zinc.  The  sulphur  it  contains  is 
occasic/ially  utilised  in  the  manufacture  of  sul- 
phuric acid.  For  descriptions  of  burners  for 
this  purpose  v.  S.  C.  I.  3,  (j:Jl ;  4,  5i. 

BLEU  DIRECT  or  DIPHENLYAMINE  BLUE 

13.  Tnil'IIKNYLMETnANE  COLOUHING  MATTERS. 

BLEU  FLUORESCENT  C,sH,Br,N,0,(NHJ. 
A  colouring  matter  obtained  by  Weselsky  and 
Benedikt  in  1880  by  treating  diazoresorufin 
dissolved  in  potassium  carbonate  with  bromine 
and  precipitating  by  an  acid.  Soluble  in  boiling 
water  with  a  red-violet  colour,  giving  a  fluorescent 
green  solution.  Dyes  silk  and  wool  blue  with 
brownish  fluorescence  (Weselsky  and  Benedikt, 
M.  5,  605  ;  B.  188."),  18  ;  Kef.  26). 

BLEU  DE  GARANCE.  Artificial  ultramarine, 
V.  Ulteamai;ine  ;  Pioments. 

BLEU  LUMIERE  v.  Tiuphexylmethane  co- 

LOUKIXfl  JIATTEKS. 

BLEU  DE  LYON,  BLEU  DE  NUIT,  BLEU 

DE  PARIS  V.  Tr.Il'lIENYLJIETH.iNE  CilLOUKIXG 
MATTERS. 

BLEU  MARIN  v.  TrareENYLMETHANH  co- 
Loriiixc,  MA'i'i  F,i;s. 

BLEU  DE  SAXE  v.  Cobalt. 

BLEU    SOLUBLE  v.  TlilPIIEXYLlIETIIANE  co- 

LoriaxG  jrATTEiis. 

BLIND -COAL.  A  Scotch  term  for  anthra- 
cite. 

BLISTER  STEEL  v.  Iron. 

BLOCK  FUEL  v.  Fuel  ;  also  Pitch. 

BLOCK  TIN  I).  Tin. 

BLOOD  is  the  general  circulating  fluid  of 
animals  indispensable  to  the  nourishment  and 
growth  of  their  bodies,  and  from  it  the  raw 
materials  for  their  secretions  are  obtained  by  the 
secretory  glands.  In  the  mammalia,  in  birds, 
and  the  tunny  fish  the  blood  is  warm,  and 
varies  in  appearance  according  to  the  vessels  in 
which  it  is  found  ;  in  the  arteries  it  is  brilliant 
scarlet,  but  in  the  veins  it  is  of  a  dark  purplish 
tint,  the  main  difference,  from  a  chemical  point 
of  view,  being  the  fact  that  the  venous  blood 
holds  carbonic  acid  in  solution  (probably  in 
combination  with  the  sodium  present),  which  is 
removed  in  the  lungs,  while  in  the  arteries  free 


oxygen  is  present.  In  the  invertehrata  the  blood 
is  cold  and  (with  numerous  exceptions)  colour- 
less. 

Mammalian  blood  consists  of  plasma,  a  trans- 
parent nearly  colourless  fluid  in  which  are  con- 
tained a  number  of  red  corpuscles  and  a  few 
white  corpuscles.  The  percentage  of  red  (and 
white)  corpuscles  is  widely  variable  in  difl'erent 
members  of  the  vertebrate  series,  and  in  the 
same  the  red  corpuscles  always  carry  the  colour- 
ing matter.  In  many  invertebrates,  however, 
the  latter  is  diffused  throughout  the  plasma. 
For  particulars  of  the  composition  of  mamma- 
lian blood  see  M.  Foster's  Text  Book  of  Phy- 
siology and  A.  Gamgee's  Physiological  Chemistry 
of  the  Animal  Body.  Fresh  blood  has  an 
alkaline  reaction  and  a  saline  and  somewhat 
sweetish  taste. 

Blood  is  used  in  the  clarification  of  wines  and 
syrups  ;  in  the  preparation  of  adhesive  cements  ; 
in  the  manufacture  of  pure  animal  charcoal ; 
as  a  precipitant  of  sewage  in  the  '  alum,  blood 
and  clay  '  process,  and  as  a  source  of  albumen 
[q.  v.).  Blood  may  be  prepared  as  an  article 
of  food  by  heating  defibrinised  ox  blood  on  a 
steam  bath  for  4  or  5  hours,  and  then  finally 
drying  at  a  temperature  of  from  4()°-46°C.  in  a 
stream  of  air,  a  process  taking  about  3  days, 
when  it  forms  a  dry  friable  powder  (Guerder, 
Ph.  Centralb.  1883,  385).  H.  P.  Madsen  has 
patented  (Eng.  Pat.  10,995,  Aug.  28,  1886)  a 
process  in  which  the  blood  is  mixed  with  salt 
and  saltpetre,  filtered  and  then  dried.  G.  le 
Bon  (C.  11.  81,  526)  claims  to  have  obtained 
dried  blood  in  a  i3erfectly  soluble  form  by  eva- 
porating it  at  the  temperature  of  the  body,  but 
he  does  not  give  details  of  his  method. 

The  utilisation  of  blood  as  manure  has  attrac- 
ted considerable  attention.  Vautelet  (0.  R.  90, 
1,365)  preserves  blood  for  agriculturalpurposesby 
adding  in  proper  proportions  aluminium  sulphate, 
sulphuric  and  nitric  acids.  Delacharlonny  (C.  R. 
95,  841)  obtains  a  solid  manure  by  adding  to  the 
blood  an  acid  ferric  sulphate  of  the  composition 
Fe,0.„4SO,„12H.,0,  instead  of  the  neutral  sul- 
phate, obtaining  thereby  a  coagulum  at  or- 
dinary temperatures  which  loses  half  its  water 
by  drainage,  whilst  the  remainder  can  be  easily 
expressed  by  pressure,  the  resulting  mass  being 
allowed  to  dry  under  cover.  The  acid  sulphate 
can  be  readily  jsrepared  by  adding  nitric  acid  to 
ferrous  sulphate,  to  which  suflicient  sulphuric 
acid  has  already  been  added.  On  concentrating 
the  solution  the  salt  crystallises  out.  A  solution 
in  water  of  45°  B.  is  prepared,  and  a  litre  of  blood 
requires  45  c.c.  of  this  solution  for  complete 
coagulation.  Stryjie  (Eng.  Pat.  787,  1884)  pre- 
pares a  manure  by  adding  a  solution  of  iron 
sulphate,  alum,  ttc.  to  blood.  Muller  (Landw. 
Versuchs.  32,  302)  prepares  a  manure  by  mixing 
the  blood  with  peat  and  chalk,  and  v.  Stein 
(Ger.  Pat.  36,094,  1885)  mixes  together  blood, 
alkaline  phosphates,  carbonates,  nitrates,  sul- 
phates, silicates,  and  dextrine,  and  subsequently 
dries  and  grinds  the  mixture. 

As  regards  the  efficacy  of  blood  as  a  manure, 
see  Eckenbrecher  (Landw.  Versuchs.  31,  165). 
Petermann  (Ann.  Agronomiques,  9,  241)  finds 
the  action  on  a  loam  to  be  nearly  as  beneficial 
as  that  of  sodium  nitrate.  Eichter  has  patented 
(Ger.  Pat.  13,594,  1880)  a  process  for  obtaining 
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ammonia  from  blood  by  treating  it  with  caustic  ' 
potash,  drying  and  distilling. 

Johnson  prepares  blood  as  a  medium  for 
painting  by  either  removingthe  fibrine  and  adiling 
one-tenth  its  bulk  of  a  solution  of  an  alkaline 
silicate,  or  else  by  adding  sufficient  caustic  alkali 
to  dissolve  the  fibrine.  He  then  reduces  its  con- 
sistency with  water  so  that  when  mixed  with 
paint  or  pigments  it  will  work  properly  under 
the  brush  (Eng.  Pat.  82,  1883). 

BLOODSTONE.  A  hard  compact  variety  of 
htematite  used  for  burnishing  gilt  icat  buttons 
and  the  gold  on  china. 

BLOOM.  A  term  given  to  a  mass  of  iron 
after  it  leaves  the  puddling  furnace  (v.  Iron). 

BLOOMEEY.  An  old  term  for  an  iron  fur- 
nace. 

BLOWPIPE  V.  A^•,VI.TSIS. 

BLUE,  ACETIN,  Coupier's  blue,  v.  Indulixes. 

BLUE,  ALIZAEIIT.    This  name  is  given  to 
dioxyanthraqtdnone-quinnline    C,jHgKO^,  and 
its  sodium  hisulpMte  compound 
C„H„NO,„S,Naj 

[v.  ALIZAr.IX  AND  ALLIED  COLOtrRINO  MATTERS). 

BLUE,  ALKALI,  NICHOLSON'S  BLUE  or 
SOLUBLE  BLUE,  v.  TRrprir.N'YL^iETnANE  coLoun- 

ING  JfATTERS. 

BLUE,  ANILINE,  GENTIAN  BLUE,  OPAL 
BLUE,  NIGHT  BLUE,  LIGHT  BLUE,  or  FINE 
BLUE,  V.  TRirrrEiaxjrRTirANE  colourino  matters. 

Also  AXTLINE  r.Ij-CE. 

BLUE,  ANTWERP,  Pigments. 
BLUE,  AZO-,  V.  A7.0-  colouring  sl\tters. 
BLUE,  AZODIPHENYL,    ACETIN  BLUE, 
COUPIER  S  BLUE,  INDULIN,  FAST  BLUE  E. 

C,sH,,;N3Cl,  V.  Indttlines. 

BLUE,  BASLE,  tolyldimethylamidoplicno- 
tohjlimidoiiaphtazonium    chloride  Cj^H^gN^CI, 

V.  AZINES  AND  colouring  MATTERS  DERIVED  FROM 
THEM. 

BLUE,  BAVAEIAN  i-.  Triphenylmethane 

COLOTTRrNG  MATTERS. 

BLUE,    BENZIDINE,    v.   Azo-  colouring 

MATTERS. 

BLUE,  BLACKLEY,  v.  Indulines. 

BLUE,  BRILLIANT  COTTON,  METHYL 
BLUE,  METHYL  WATEE  BLUE.  Soda  salt 
of  iriphcnyl-P-rosanilinc-trisulplionic  acid,  v. 

TRlriIKNYL:Mi:TnANH  colouring  M.iTTERS. 

BLUE,  CEEULEAN.  v.  Pigjiknts;. 
BLUE,  CHINA,  WATEE  BLUE  6  B  EXTRA, 
OPAL  BLUE,  COTTON  BLUE,  MAEINE  BLUE, 

V.  Ti;ipii1''.n'vljii:tii  \NK  colouuing  matters. 

BLUE,  CHINESE,  or  PEUSSIAN  BLUE,  v. 
Cyantties  ;  also  Pigments. 

BLUE,  COBALT,  v.  Cobalt;  also  Pigments. 

BLUE,    COTTON,    v.  Triphenylmethane 

colouring  5rAT  i  krs. 

BLUE,  COUPIER'S,  v.  Indulines. 

BLUE,  CYANINE,  v.  Pigments. 

BLUE,  DIPHENYLAMINE,  BLEU  DIRECT 

triphenyl  &-rosanilinc  hydrochloride  (?),  i'.  Tiii- 

I'llKNVI.jrKTHANn  COLOURING  MATTERS. 

BLUE-ETHYLENE  v.  Thionine  colouring 

MATTl-RS. 

BLUE,  FAST,  MELDOLA'S  BLUE,  NEW 
BLUE,  NAPHTHYLENE  BLUE.  Chloride  of 
diinrthylphcnyl-dinmonium-^-iiaphtoxazin,  v. 

O.WZINE  COLOURINO  MATTERS. 

BLUE,  FLUORESCENT,  v.  Bleu  Fluoues- 

OENT. 


BLUE.  GENTIAN,  SPIRIT  BLUE  0.  OPAL 
BLUE.  BLEU  DE  NUIT,  BLEU  LUMliEE. 
FINE  BLUE,  V.  Tkipuentlmetu.vne  coLoriuNa 

MATTERS. 

BLUE,  INDIAN,  v.  PiosrexTS. 
BLUE.  INTENSE,  V.  Pigments. 
BLUE,  LEITCH'S,  v.  Pigments. 
BLUE,  LIGHT.   BLEU   LUMIERE.  OPAl 
BLUE,  BLEU  DE  NUIT,  v.  TniPHESYLMETnANE 

COLOriiNG  MATTERS. 

BLUE.  LYONS,  BLEU  LUMIERE,  OPAL 
BLUE,  Ac,   V.  Tr.inirNYLMr.TnANr.  colouring 

MATTERS. 

BLUE,    MARINE,    v.  Trithenylmethaxe 

COLOURDTO  MVTTI-l:S. 

BLUB,  MELDOLA  S,  v.  Ox.vzixe  colouiuno 

MATTERS. 

BLUE,    METHYL,    v.  Tripitenylmethaxe 

COLOrRrXG  JUTTrRS. 

BLUE,  METHYLDIPHENYLAMINE, 

Cj,H3,NjCl, 

obtained  in  1874  by  Girard  by  the  action  of 
oxalic  acid  upon  mcthyldiphenylamine.    Or  by 
the  action  of  copper  nitrate  (Bardy  and  Dusart). 
Or  with  chloranil  (Geifiv).    Xo  longer  made. 
BLUE,  METHYLENE,  v.  Titionine  coliur- 

rS'O  MATTERS. 

BLUE,  NAPHTHYLENE,  NEW  BLUE.  FAST 
BLUE,  MELDOLA'S  BLUE,  r.  Ox.vzine  colour- 
ing MATTERS. 

BLUE.  NEUTRAL,  v.  Azines  and  CoLorarNO 

MATTERS  DERIVED  i'KO.M  THEM. 

BLUE,  NEW,  V.  Ov\/INE  COLOURING  SUTTERS. 

BLUE,  NICHOLSON  S,  ALKALI  BLUE.  SO- 
LUBLE ANILINE  BLUE,  v.  Triphenylmetilvne 

COLOURING  MATTERS. 

BLUE,  NIGHT, Triphenylmethane  COLOUR- 
ING MATTERS. 

BLUE,  NILE,  V.  Oxazine  colourinq  matters. 
BLUE,  OPAL,  V.  Triphenylmethane  colour- 
ing MATTERS. 

BLUE,  PARIS,  V.  Triphenylmethane  colour- 
ing MATTERS. 

BLUE,  PRUSSIAN,  r.  Cyanides;  also  Pig- 
ments. 

BLUE,  QUINOLINE,  v.  Triphenylmethane 
colouring  matte  lis. 

BLUE,  RESORCIN.  or  LACMOID  C,,JI,NO,  ? 
^  rC,H,(OH), 
probably   ,  \C„JI,  f  OH,  a  colouring  matter  ob- 

L__L? 

tained  by  Benedikt  and  Julius  in  1884,  by  the 
action  of  sodium  nitrite  on  resorcin.  Blue 
violet  powder  soluble  in  water.  Soluble  iu 
alcohol  with  blue  colour  and  dark  green  tluores- 
cence.    Used  as  an  indicator  in  alkalimetry. 

BLUE,  SAXON,  r.  Cohalt. 

BLUE,  SOLUBLE  ANILINE,  NICHOLSON'S 
or  ALKALI  BLUE  v.  TRiriiENYLMi.TiiANK  colour- 
ing MATxrr.s. 

BLUE,  SPIRIT,  OPAL  BLUE,  BLEU  DE 
NUIT,  BLEU  LUMIERE,  r.  Tuiphenylmethane 

COLOl  r.INd  MATTi;i;s. 

BLUE,  VICTORIA,  i>.  Triphentlmethank 
COEOrRINO  mattkr.s. 

BLUE,  WATER.  OPAL  BLUE,  CHINA  BLUE, 
BLEU  MARIN,  r.  TianiENYLMETUANE  colouring 
matters. 

BLUE  BLACK,  or  AZO-  BLACK,  v.  Azo- 

COLOUIUNQ  MATTERS. 
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BLUE  COPPEKAS,  BLUE  STONE,  or  BLUE 
VITRIOL.    Copper  sulphate,  v.  Copper. 

BLUE  GUM  TREE.  The  Eucalyptus  glo- 
bulus, a  tree  common  in  Tasmania  and  South- 
Eastern  Australia. 

BLUE  IRON. EARTH  or  ORE.  Vivianitc. 
Hj'drated  triferrous  phosphate,  or  ferroso-ferrio 
phosphate,  occurs  native  in  North  America, 
Eussia,  (fee,  in  monochnic  crystals  or  in  reniform 
globular  masses.  Colourless,  changing  to  blue 
or  green  on  exposure  to  air.  An  incrustation  of 
vivianite  is  occasionally  met  with  on  bones 
buried  in  ferruginous  soils. 

BLUE  JOHN.  A  variety  of  fluorspar  found 
in  Derbyshire,  and  valued  for  making  ornamental 
articles  (v.  Calcium). 

BLUE  LEAD.  A  term  applied  to  galena  by 
miners  to  distinguish  it  from  white-lead  ore,  or 
carbonate. 

BLUE  PIGMENTS  v.  Pigments. 

BODY  VARNISH  v.  Varnish. 

BOG  BUTTER.  Adipocere  found  in  bogs  (v. 
Adipocere). 

BOGHEAD  COAL  v.  Paraffin. 

BOGHEAD  NAPHTHA  v.  Paraffin. 

BOG  IRON  ORE  v.  Iron,  ores  of. 

BOG  MANGANESE,  ivad,  or  earthy  manga- 
nese, 1'.  Manganese. 

BOHEMIAN  BOLE.  A  yellow  variety  of 
bole  (q.  %■.). 

BOILED  OIL.  Linseed  oil  boiled  with 
litharge,  to  render  the  oil  more  'drying,'  that 
is,  to  cause  it  to  solidify  more  readily. 

BOIS-PIQUANT  BARK.  The  bark  of  Xan- 
thoxylon  caribajwn,  and  X.  Perrottetii.  Used 
in  France  as  a  febrifuge  (Heckel  a.  Schlag- 
denhaffen,  C.  E.  98,  996,  Ph.  [3]  14,  9G5). 

BOLDO.  A  shrub  (Boldoa  fragraus)  belonging 
to  the  MonimiacecB,  growing  in  the  Chilian 
Andes.  The  bark  is  used  in  tanning,  the  wood 
makes  a  good  charcoal,  and  the  bark  and  leaves 
contain  a  glucoside  C.|„H5oO„,  useful  as  a  hypno- 
tic and  cholagngue  (Cliapoteau,  C.  K.  98,  1,052  ; 
C.  J.  [2]  46,  845). 

BOLE.  (Bol,  Ger.)  A  ferruginous  clay-like 
substance,  of  red,  brown,  or  yellowish  colour.  It 
is  not  plastic,  and  when  thrown  into  water 
falls  to  pieces  with  emission  of  streams  of 
minute  air- bubbles.  It  has  an  unctuous  feel, 
and  some  varieties  adhere  to  the  tongue.  When 
cut  it  presents  a  shining  streak.  Before  the 
blowpipe  it  fuses  to  a  yellowish  or  white  enamel. 
Its  composition  is  very  variable,  but  its  usual 
limits  are  from  41  to  47  p.c.  SiO.,  18  to  25  p.c. 
ALO3,  and  24  to  25  p.c.  H^O,  with  a  proportion 
of  Fe^Oj  which  may  reach  12  p.c.  It  will  be 
noticed  that  the  percentage  of  water  is  higher 
than  in  clays.  The  Fettbol  of  Freiberg  in 
Saxony  occurs  in  mineral  veins,  and  contains 
onl_y  about  3  p.c.  of  AI.P3.  The  bole  of  Stolpen 
in  Saxony  is  a  yellowish  substance  containing 
only  a  trace  of  Fe„03.  Eammelsberg's  analysis 
yielded  SiO.„  45-92;  AlA-  22-14;  CaO,  3-9; 
H„0,  25-80.  'in  the  bole  of  Sinope  the  SiO,  falls 
as  low  as  32  p.c.  The  ancients  obtained  this 
material  from  Cappadocia,  and  used  it  as  a  red 
pigment.  It  was  also  employed  in  medicine  as 
an  astringent  (y.  Lemnian  earth). 

The  following  is  an  analysis  of  bole,  oc- 
curring in  granite,  at  Steinkirchen,  Bohemia. 
Dried  at  100''O.  it  yielded  SiOj,  46-734;  M.,0.,, 


26-166;  re.,0,.  12-345  ;  CaO,  1-641 ;  MgO,  1-315; 
K,,0,  0-978 ;"  IMnO,  0-280  ;  loss  on  ignition,  10-53 
(G.  Stark],  Verb.  k.  k.  Geolog.  Eeichs.,  Vienna, 
1880,  279). 

Bole  is  frequently  found  as  a  product  of  the 
decomposition  of  basaltic  rocks.  Thus  the  sheets 
of  dolerite  in  NE.  Ireland,  representing  tertiary 
lava-flows,  are  separated  by  joartings  of  bole, 
associated  with  litliomarge,  bauxite,  pisolitic 
iron-ore,  and  seams  of  lignite.  The  Antrim  bole 
is  described  as  a  poor  variety  of  aluminous  iron- 
ore  (Tate  and  Holden,  Quart.  Journ.  Geol.  Soc, 
26,  1870,  155 ;  G.  H.  Kinahan,  Journ.  E.  Geol. 
Soc.  Ireland,  16,  1880,  806  ;  P.  Argall,  ibid.  98). 

F.  W.  E. 

BOLOGNIAN  PHOSPHORUS  v.  Barium. 

BOLOGNIAN  STONE.  A  native  variety  of 
barium  sulphate,  which  is  phosphorescent  when 
partially  reduced  to  sulphide  by  calcination  with 
charcoal  (v.  BjVrium). 

BOLORETIN  v.  Eesins. 

BONE.  Bone  tissue  may  be  either  compact 
as  in  the  shafts  of  the  long  bones  of  the  ex- 
tremities, or  spongy,  as  in  the  flat  bones  of  the 
skull  or  extremities  of  the  long  bones,  each  of 
which  consists  of  an  external  compact  layer, 
inclosing  a  mass  of  spongy  tissue.  Bone  usually 
has  a  laminated  structure,  the  layers  being  con- 
centric with  the  tubes  and  channels  containing 
the  marrow  or  nutritive  blood  vessels.  Its 
organic  structure  can  be  readily  demonstrated 
by  immersing  a  section  in  dilute  hydrochloric 
acid.  It  consists  of  a  matrix  (wliich  is  mostly 
composed  of  so-called  bone-cartilage  [ossein]), 
which  is  in  life  impregnated  with  inorganic 
matter,  mainly  composed  of  tricalcic  phosphate. 
On  treating  a  bone,  freed  from  fat  by  extraction 
with  other,  with  dilute  hydrochloric  acid,  the 
structure,  whilst  retaining  its  form,  loses  its 
rigidity  and  becomes  translucent,  and  on  boiling 
with  water  forms  glue  (g.v.).  Bone  cartilage 
has  the  same  composition  as  gelatin. 

C       H        N  0+S 
Isinglass      50-76    6-64    18-32    24-69  Mulder 
Cartilage     50-40    6-64    18-34    24-64  Mulder 

„    from  1 

fossil  Uo-40  7-11  18-15  24-34  v.  Biln-a 
bones ) 

The  amount  of  S  is  about  0-216  p.c.  (v. 
Bibra). 

The  cartilage  of  fcotal  bones  does  not  appear 
to  be  convertible  into  gelatin  (glue)  by  long- 
continued  boiling  (Schwan  ;  Hoppel). 

On  heating  out  of  contact  with  air,  bones 
evolve  a  large  quantity  of  volatile  matter  [v. 
Bone  oil)  and  leave  a  black  residue,  consisting  of 
the  inorganic  matter  associated  with  carbon,  con- 
stituting animal  ch  arcoal  (g.  v.).  In  presence 
of  air  the  ignited  bone  leaves  a  white  residue  of 
calcium  and  magnesium  phosphates,  with  more 
or  less  free  lime  and  carbonic  acid,  and  small 
quantities  of  fluorine  forming  bone -ash.  Iron 
and  chlorine  do  not  appear  to  be  normal  con- 
stituents of  bone. 

The  quantity  of  fat  and  water  in  bone 
appears  to  vary  within  comparatively  wide 
limits,  being  dependent  on  the  nature  of  the 
bone  and  the  health  of  the  individual.  The  pro- 
portion of  ash  to  cartilage  is,  however,  fairly 
constant  within  certain  limits.  It  appears 
from  the  observations  of  Fremy  and  v.  Bibra 
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tliat  the  proportion  of  inorganic  matter  is  | 
smaller  in  youth  than  in  age,  and  greater  in 
compact  bones  than  in  spongy  bones  ;  greater  ^ 
also  in  the  bones  oi  the  extremities  than  in 
those  of  the  trunk,  greatest  of  all  in  the  thigh- 
bone. It  appears,  indeed,  to  be  greatest  in  those 
bones  which  have  to  bear  the  greatest  strain. 
The  bones  of  mammifers  have  the  same  average 
composition,  although  the  bones  of  herbivorous 
quadrupeds  generally  contain  a  larger  proportion 
of  lime  salts  than  those  of  flesh-eaters.  Fish 
bones  exhibit  the  greatest  variety  of  composi- 
tion ;  some  are  nearly  pure  cartilage,  whilst 
others  have  the  same  proportion  of  organic  and 
inorganic  matter  as  those  of  mammiferous 
animals. 

The  general  nature  of  bone -ash  may  be 
seeen  from  the  follownng  analyses  (Heintz) : — 

Ca  PO.  CO,       F  Mr 

Human    38-59  53-75  5-44  1-74  0-43 

Sheep  .    38-52  53-29  5-65  1-97  0-58 

Ox      .   38-52  52-98  6-04  1-89  0-57 

The  manner  in  which  the  inorganic  con- 
stituents of  bone  are  associated  together  is  not 
definitely  settled.  It  is  usually  supposed  that 
the  phosphoric  acid  and  fluorine  are.  combined 
with  calcium  to  form  a  body  resembling  apatite, 
which  is  intimately  mixed  with  calcium  car- 
bonate. Alby,  however,  regards  normal  bone- 
ash  as  having  the  composition 

eCaaP.Os  +  2H,0  4-  2CaO  -I-  CO,  +  3aq 
(J.  pr.  [2]  5,  308,  et  seq.). 

Experiments  with  isigcons  have  sho^vn  that 
no  alteration  in  the  proportion  of  inorganic  to 
organic  substances,  or  of  lime  to  phosphoric 
acid,  is  brought  about  by  increasing  the  propor- 
tion of  lime  or  phosphoric  acid  in  the  food.  For 
further  information  on  the  influence  of  food  on 
the  composition  of  bone  v.  EolofI,  Arch.  f.  wiss. 
Thierheilk.  1,  189,  5,152;  Heitzmann,  J.  f. 
Thierchem.  1873,  229  ;  Forster,  Zeit.  f.  Biol.  12, 
464 ;  Lehmann,  J.  f.  Thierchem.  1878,  272 ; 
Voit,  Zeit.  f.  Biol.  16,  55 ;  Weiske,  Zeit.  f.  Biol. 
7,  179,  and  333;  Weiske  and  Wildt,  Zeit.  f. 
Biol.  9,  511 ;  Hoiss,  Zeit.  f.  Biol.  12,  151. 

BONE  BLACK  v.  Amm.vl  charcoal. 

BONE  EARTH.  The  calcined  residue  of 
bones.  Consists  chiefly  of  calcium  phosphate 
{v.  Bonk). 

BONE  OIL.  Animal  oil;  Dijyjiel's  oil;  Oil  of 
hartshoni ;  Oleum  animala  empyrcumaticiim ; 
Oleum  coma,  ccrvi;  Oleum  DippeJii.  (Ger. 
Knochcnul,  Thieriil.)  The  product  obtained  by 
distilling  bones  in  the  preparation  of  bone  black 
or  animal  charcoal. 

The  bones  are  first  boiled  in  a  large  quantity 
of  water,  which  removes  the  greater  part  of  the 
fatty  matters;  they  are  then  roughly  dried  and  are 
subjected  to  dry  distillation  in  ironretorts,  similar 
to  those  used  in  the  nuinufacture  of  coal  gas. 
Bone  black  or  animal  charcoal  remains  behind 
and  bone  oil  distils.  The  products  of  distillation 
are  conducted  through  long  iron  tubes,  which 
act  as  condensers  and  lead  into  receivers  where 
the  crude  bone  oil  collects,  together  with  water. 
Tiie  gases  are  then  passed  into  a  separator  con- 
taining sulphuric  acid  to  retain  ammonia,  and 
can  afterwards  be  used  for  heating  purposes, 
or,  if  passed  through  purifiers,  for  illumination. 


The  crude  oil  is  separated  from  the  aqueous 
distillate  and  is  subjected  to  redistillation.  The 
aqueous  liquid  consists  of  a  solution  of  ammonium 
sulphide,  ammonium  thiocyanate  and  cyanide, 
ammonium  carbonate,  and  small  quantities  of 
very  volatile  organic  bases.  This  is  treated  with 
sulphuric  acid  and  afterwards  distilled  with 
slaked  lime.  The  distillate  on  treating  with 
solid  potash  yields  large  quantities  of  ammonia, 
whilst  some  oily  bases  separate  out,  and  are 
afterwards  worked  up  with  the  bases  contained 
in  the  crude  oil.  This  latter  is  a  dark-brown, 
nearly  black  liquid,  havhig  a  fcetid,  most  offensive 
smell  and  a  sp.gr.  -970. 

On  subjecting  it  to  redistillation  it  begins  to 
boil  at  80°,  when  quantities  of  ammonia  come 
over  together  with  an  oil.  The  thermometer 
rises  very  gradually  to  about  250^.  From 
180°  upwards  large  quantities  of  ammonium 
cyanide  and  ammonium  carbonate  sublime  over, 
and  care  has  to  be  taken  to  prevent  the  con- 
denser being  stopped  up.  A  black  resinous 
tar  remains,  which  is  employed  in  making 
Brunswick  black. 

The  following  substances  have  been  isolated 
from  bone  oil  by  fractional  distillation  com- 
bined with  treatment  with  acids  to  separate 
basic  from  non-basic  constituents  : — 


Chief  comtitiietits 

Butyro-nitrile 

Valero-nitrile 

Hexo-nitrile 

Isohexo-nitrile 

Deco-nitrile 

Palmito-nitrile 

Stearo-nitrile 

Pyrrol 

Methyl-pyrrol 
Dimethyl-pyrrol 

f  C,H, 

Hydrocarbons  \  C,„H|, 
IC„H, 
fWeidel  and 


Subsidiary  co/istUiients 

Methylamine 

Ethylamine 

Aniline 

Pyridine 

Methyl -pyridine 

Dimethyl-pj-ridine 

Quinoline 

Phenol 

Propionitrile 

Valeramidc 

Toluene 

Ethyl-benzene 

Naphthalene 
Ciamiciau,  B.  13,  65). 


As  to  the  formation  of  the  various  compounds 
in  bone  oil,  the  nitriles  are  formed  by  the  action 
of  annnonia  on  the  fatty  acids,  pyrrol  and  the 
pyrrols  are  the  products  of  decomposition  of  the 
gelatinous  substances,  and  pyridine  and  its  de- 
rivatives are  condensation  products  of  acrolein, 
from  the  dry  distillation  of  the  fats,  with 
ammonia,  methylamine,  &c. 

Pyrrol.  That  portion  of  the  non-basic  part 
of  bone  oil  boiling  at  98-150''  contains  pyrrol 
and  its  honiologues.  That  above  150°  contains 
dimcthylpyrrol.  The  fraction  140-150"  consists 
of  a  mixture  of  homopyrrols  —  KC.  methyli)yrrols. 
To  separate  the  a-  and  3-  derivatives,  the  mixture 
is  converted  into  the  potassium  compound  and 
heated  in  a  current  of  carbon  dioxide  to  200°. 
Tw-o  isomeric  homopyrrol  carboxylic  acids  are 
formed,  which  differ  in  the  solubility  of  tlieir 
lead  salts.  a-Homopyrrol  carboxylic  acid  melts 
at  169-5°,  and  its  lead  salt  is  very  soluble  iu 
water,  differing  from  the  /3-acid,  which  melts  at 
142-4°  and  forms  a  slightly  soluble  lead  salt. 
The  acids  obtained  respectively  yield  on  distil- 
lation with  lime  the  corresponding  methylpyrrols. 
a-Homopyrrol  boils  at  148°  under  750  mm. 
pressure,  and  /3-homopyrrol  at  14.3°  at  743  mm. 
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The  constitution  of  pyrrol  is  represented  as 
follows : 

2  1 
CH=CH\ 

I  >N 

3  4 

the  positions  1  and  4  and  2  and  3  being  known 
as  the  a-  and  fi-  positions  respectively.  It  boils 
at  130-131°,  and  its  sp.gr.  is  -9752  at  12°.  It 
is  slightly  soluble  in  water,  readily  soluble  in 
alcohol  and  ether.  It  is  a  weak  base,  and  is  only 
slowly  dissolved  by  dilute  acids  in  the  cold.  On 
heating  with  acids  it  is  converted  into  an  amor- 
phous brown  powder  known  as  pyrrol-red,  the 
reaction  occurring  according  to  the  ecxuation 
3C.|H,N H,0  =  C,.,H,,,N,0 -h  NR,. 

Pyrrol  forms  colouring-matters  with  isatine, 
quinone,  and  plienanthraquinone  (Meyer  and 
Stadler,  B.  17,  1,034).  By  the  action  of  iodine 
on  potassium  pyrrol,  tetriodopyrrol  is  formed, 
which  crystallises  in  yellowish-brown  prisms 
and  decomposes  at  about  140°.  It  acts  like 
iodoform  as  an  antiseptic, and  is  known  as  iodol. 
It  has  the  advantage  over  iodoform  of  being 
free  from  smell. 

Pyrrol  has  been  synthesised  by  passing  acetyl- 
ene and  ammonia  through  red-hot  tubes  : 

2aH,  4- NH,j  =  C,,H  ,NH -f  H, ; 
also  by  distilling  the  ammonium  salts  of  mucic 
and  saccharic  acids.    Succinimide,  on  heating 
with  zinc-dust  containing  zinc  hydrate,  also 
yields  pyrrol : 

CH.^CO.  CH=CH. 
I  >NH  +  H„=  I  >N4-2H.,0. 

CH,,— CO/  CH  =  CH/ 

Potassium  dissolves  in  jjyrrol  with  the  forma- 
tion of  potassium  pyrrol  C,,H.|NK,  a  substance 
insoluble  in  ether  and  decomposed  by  water  into 
pyrrol  and  potassium  hydroxide.  This  sub- 
stance reacts  with  alkyl  iodides  to  form  substi- 
tuted pyrrols  —e.g. : 

Methylpyrrol  C,H,NCH3 :  boils  at  113°  ;  sp.gr. 
•9203. 

.  Ethylpyrrol  O^H,NC„H., :  boils  at  131°  ;  sp.gr. 
•9042. 

Phenylpyrrol  C.|H,NC,B-,  obtained  by  dis- 
tilling the  anilides  of  mucic  and  saccharic  acids, 
melts  at  62°.  The  homologues  of  pyrrol  con- 
tained in  bone  oil  are,  however,  all  substituted 
in  the  group  C,,H.|. 

By  the  action  of  benzalchloride  on  pyrrol  in 
presence  of  sodium  a  phenylpyridine  is  obtained 
in  which  the  phenyl  is  in  the  meta-  position  to 
the  nitrogen  (Ciamician  and  Silber,  B.  20,  191). 

Nascent  hydrogen  converts  pyrrol  into  pyr- 
roline  CHj^NH,  a  liquid  boiling  at  91-  which 
dissolves  easily  in  water.  It  yields,  with  nitrous 
acid,  a  nitrosoamine  C,|H|N.NO,  m.p.  37°,  and 
on  heating  with  methyl  iodide  gives  methyljiyr- 
rohne  (B.  16,  1,.536). 

Pyrrol  reacts  with  diazo- compounds  with  the 
formation  in  an  acid  solution  of  an  azo-compound, 
and  in  a  neutral  or  alkaline  solution  of  a  disazo- 
conipound,  or  a  mixture  of  this  with  an  azo- 
compound  (Fischer  and  Hepp,  B.  19,  2,2.51). 

Numerous  syntheses  of  j)yrrol  derivatives 
have  been  effected  by  Paal  (B.  19,  558 ;  19, 
3,156)  from  acetonylacetone  by  the  act'-n  of 
ammonia  and  amines. 


The  dimethylpyrrol  contained  in  the  fraction 
of  bone  oil  boiling  above  150°  has  been  obtained 
synthetically  as  follows  :  By  the  action  of  am- 
monia on  diacetosuccinic  ether,  the  ether  of 
dimethylpyrrol  dicarboxylic  acid  is  obtained. 
This,  on  saponification,  yields  the  acid,  and,  on 
heating,  carbon  dioxide  is  split  off,  leaving  di- 
methylpyrrol.   It  has  the  composition 

CH=C  CH3 

>NH 


CH=C  CH,, 

and  is  an  almost  colourless  oil  boiling  at  105°. 
It  is  very  volatile  with  steam,  colours  a  pine 
splint  an  intense  red,  and  yields  on  boiling  with 
acids  a  pyrrol-red  similar  to  other  pyrrol  homo- 
logues. 

Pyrrolcarboxylic  acids  C4(NH)H3CO.,H.  The 
a-acid  is  obtained  from  a-homo-pyrrol  by  fusion 
with  potash  or  by  the  action  of  tetrachloride 
of  carbon  and  alcoholic  potash  on  pyrrol. 
It  melts  at  191°,  and  differs  from  the  iS-acid 
in  forming  a  soluble  lead  salt.  On  heating  with 
acetic  anhydride  the  substance  py  roc  oil 

C,H3=N— CO 

\  i 
C0-N=CjH3 

is  formed,  which  is  a  product  obtained  by  dis- 
tilKng  gelatine  (B.  17,  103). 

;8-Pyrrolcarboxylic  acid  is  formed  by  fusing 
)3-methyl  pyrrol  with  potash.  It  crystallises  in 
fine  needles,  melting  at  162°,  and  forms  an  in- 
soluble lead  salt. 

N-Acetylpyrrol  C,HjNC,H.,0,  by  the  action 
of  acetyl  chloride  on  potassium  pyrrol,  is  an  oil 
boiling  at  178°.  It  is  decomposed  by  alkalis 
into  pyrrol  and  acetic  acid  (B.  16,  2,3.32). 

C-Acetylpyrrol  CjH,C,H,0(NH)  is  formed, 
together  with  the  foregoing,  by  acting  on  pyrrol 
with  acetic  anhydride.  It  melts  at  90°  and 
boils  at  220°,  but  is  not  decomposed  by  alkalis. 

Nomenclahire  of  i)ijrrol  derivatives  (Denn- 
stedt,  B.  19,  2,m)—e.g.: 
CH=CH. 

[  \nCH,,  is  N-methyl  pyrrol ; 

ch=ch/ 

CH=CH. 

I  ^NH  is  C-methyl  pyrrol  or  a-methyl 

CH=C   ^CH,  pyrrol. 

Pyridine  C^H^N  is  contained  in  that  fraction 
of  the  basic  oils  of  bone  oil  which  boils  below 
120°,  but  is  also  found  in  smaller  quantities  in 
the  higher  fractions.  It  can  be  separated  in  these 
by  means  of  its  picrate  C,HjN,C„H,(N0,)30H, 
which  melts  at  162°.  It  is  not  easily  acted  on 
by  oxidising  agents,  and  can  be  separated  by 
tliis  means  from  the  other  components  of  the 
fraction. 

It  is  formed  from  all  pyridinecarboxylic 
acids  by  distilling  with  lime. 

The  following  are  some  of  the  synthetic 
methods  for  preparing  pyridine  and  its  homo- 
logues. 

1.  Acrolein  ammonia,  on  heating,  gives  off" 
water  yielding  methylpyridine 

C,H,,NO  =  C,H^(CH3)N  -t-  H,0. 

2.  The  same  compound  is  formed  by  heating 
allyl  tribromide  with  alcoholic  ammonia  to  260" 

2C3H,Br3  -t-  NH3  =  C,H,(CH,)N  +  6Hlh-. 
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3.  Glycerine  and  acetamide,  on  heating  with 
phosphorus  pentoxide,  yeild  methylpyridine 
in.  15,  528). 

4.  Potassium  pyrrol,  on  heating  with  chloro- 
form, yields  cliloropyridine. 

5.  Ethylic  ncetoacetate,  heated  with  aldehyde 
ammonia,  gives  ethylic  trimethyl-dihydro- 
pyridin-dicarboxylate 

(B.  17,  1,5-21). 

Pyridine  is  a  liquid  with  a  pungent  smell, 
miscible  with  water  ;  sp.gr.  '986  at  0°,  and  boils 
at  llG-7°.  It  forms  a  hydrochloride  C,H,N,HC1, 
and  a  platinochloride  (C.H,NHCl),PtCl<.  So- 
dium amalgam  yields  piperidine,  i.e.  hexahy- 
dropyridine,  which  is  reconverted  into  pyridine 
on  oxidation.  It  forms  an  ammonium  iodide 
with  alkyl  iodides,  and  with  chloracetic  acid  a 

pyridiue-betaine  CjHjN-C^     -/    .  By  the  action 

of  sodium  onpyridinea  dipyridine  C,„H,oN.jis 
obtained,  an  oil  boiling  at  280-290°,  which  on  ox- 
idation with  permanganate  yields  isouicotinic 
acid.  Together  with  dipyridine  a  body  ^^-di- 
pyridyl  is  formed  NC,,Hj-C.H,N,  which  melts  at 
114°  and  distils  at  304°.  It  also  yields  isonico- 
tinic  acid  on  oxidation,  and  on  reduction  with 
tin  and  hydrochloric  acid  forms  isonicotinc, 
which  melts  at  78°  (B.  10,  423). 

The  isomeric  m-dip-jridyl  is  obtained  from 
7/i-dipyridyldicarboxylic  acid  (by  oxidising  phen- 
anthroline).  It  boils  at  293°,  and  yields  on 
reduction  with  tin  and  hydrochloric  acid  nicot- 
idine  C,„H,,N,,,  which  boils  at  288°  (B.  IG,  2,521). 

On  heating  pyridine  with  concentrated  sul- 
phuric acid  to  300°  /3-pyridine-sulphouic  acid  is 
obtained.  The  sodium  salt  of  this  acid,  distilled 
with  potassium  cyanide,  yicIds,S-i3yridyl  cyanide, 
which  on  hydrolysis  forms  nicotinic  acid. 

The  three  possible  hydroxy-pyridines  are 
known : — 

a-Hydroxypyridine,  by  distilling  the  silver 
salt  of  hydroxyquiuolinic  acid;  melts  at  107°, 
and  is  coloured  red  by  ferric  chloride. 

)3-Hydroxypyridine  is  formed  from  the  ;8-sul- 
phouic  acid  by  fusing  with  potash.  It  melts  at 
123°,  and  is  also  coloured  red  by  ferric  chloride. 

7-Hydroxypyridine  or  pyridone  (which  is 
probably  not  a  hydroxyl-  but  a  carbonjd-com- 
pound)  is  obtained  from  hydro.xypicolinic  acid 
with  evolution  of  COo.  It  molts  at  148°,  and 
is  coloured  yellow  by  ferric  chloride  (B.  17, 
Bef.  1G9). 

Pyridine  can  be  represented  as  a  benzene 
ring  in  which  one  CH  group  is  replaced  by 
nitrogen  according  to  the  following  scheme  : 
3 

CH  -y 

4  HC/'^.CH  2 

5  HC^^CH  1 

N  N 
Armstrong  proposes  to  represent  the  niUo- 
gcn  by  placing  a  bar  as  shown  below  : 


0 


0 


The  positions  1,  5  and  2,  4  are  known  as 
ortho-  and  meta-,  and  3  as  the  para-  position. 
Hence  three  mono-derivatives  of  pyridine  are 
possible.  The  position  of  the  substituting  groups 
in  these  isomerides  has  been  proved  by  means 
of  the  phenylijyridines  obtained  from  the  naph- 
thaquinolines  (M.  4,  437 ;  B.  17.  1,518). 

Pyridcs'e  Mosocarboxvlic  Acids  C4H,KC0...H. 

a-Pyridinecarboxylic  acid   (1  or  ortho-). 

Picolmic  acid  was  first  obtained  by  oxidising 
o-picoline.  It  is  easily  soluble  in  water,  crystal- 
lises in  white  needles,  melts  at  136°  and  sub- 
limes. By  the  action  of  sodium  amalgim 
ammonia  is  given  off  with  the  formation  of  an 
acid  C^H^O.,  (Oxysorbinic  acid). 

j3-Pyridinecarboxylic  acid  (2  or  meta-),  called 
nicotinic  acid,  from  the  fact  of  being  firr.t 
obtained  by  oxidising  nicotine,  is  obtained 
further  from  ;3-methyl-  or  ethyl-pyridine,  from 
j3-j)yridyl  cyanide,  and  from  three  dicarboxylic 
acids  of  pyridine  (quinolinic  acid,  cinchomeronic 
acid,  and  isocinchomeronic  acid),  which  on 
heating  give  off  carbon  dioxide.  It  crystallises 
in  needles  and  melts  at  229°. 

7-Pyridinecarboxylic  acid  (3  or  para-).  Iso- 
nicotinic  acid  is  obtained  from  the  dicarboxylic 
acids,  cinchomeronic  acids,  and  lutidinic  acid. 
It  melts  at  (299^)  (309°),  and  crystalhses  from 
hot  water  in  line  needles. 

HVDROXVrVEU)rNE-MONOCARBOXYI.IC  ACIDS. 

Several  of  these  acids  have  been  prepared 
either  synthetically,  e.g.  by  heating  komanic 
acid  C^H,0,  with  ammonia,  or  from  the  dicar- 
boxylic acids  by  splitting  off  1  mol.  of  carbon 
dioxide  (B.  17,  .589). 

Komenaminic  acid  CiH,(OH)._.NCOsH  is  ob- 
tained by  boiling  komenic  acid  C,.H,Oj  with  am- 
monia. It  decomposes  at  270°  into  carbon 
dioxide  and  dihydi'oxypyridine. 

PVKIDINTE-DIC.UtBOXVUC  AciDS  CjHjX(CO_H)o. 

Qninoliuic  acid  (a/3,  or  1.2)  is  formed  by 
oxidising  quinoline.  It  molts  at  225°,  and  de- 
composes into  carbon  dioxide  and  nicotinic  acid. 

Cinchomeronic  acid  {fiy,  or  2.3)  is  formed  by 
the  oxidation  of  the  quinine  alkaloids  with  nitric 
acid,  or  from  fiy-,  mcthyl-pyridiuecarboxylic 
acid  on  oxidation  with  permanganate.  It  melts 
at  259°,  decomposing  into  carbon  dioxide, 
7-pyridinecarboxylic  acid,  and  some  nicotinic 
acid. 

Lutidinic  acid  {ay,  or  1.3)  is  obtained,  to- 
gether with  some  isocinchomeronic  acid,  by 
oxidising  lutidine.  It  melts  at  219°,  decom- 
posing into  carbon  dioxide  and  7-pyridiuecar- 
boxylic  acid. 

Isocinchonieronic  acid  (/3a')  melts  at  23G°, 
decomposing  into  carbonic  acid  and  nicotinic 
acid  (Wcrdel  and  Herzig,  'Wiener  Akad.  B.  1879, 
825). 

Dicarboxylic  acid  (/3j8').  By  heating  to  150° 
the  lutidinedicarboxylic  acid  obtained  by  tho 
condensation  of  isobutylaldchyde,  ethylic  aeeto- 
acetate  and  ainiiionia.  The  acid  docs  not  melt 
at  285°  (Haiitzsch  and  Weiss,  B.  19,284).  It  is 
known  as  di  n  icoti  nic  acid. 

Dicarboxylic  acid  (oa')  or  Dipicolin'c  acid. 
Obtained  by  oxidising  the  lutidine  boihng  at 
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14G°.  This  lutidine  was  found  in  a  fraction  of 
bone  oil  examined  by  Ladenburg  and  Kotli  (B. 
18,  62).  It  was  obtained  syntlietically  by  the 
condensation  of  ciunamic  aldehyde  with  ethylic 
acetoacetate  and  ammonia.  The  ethylic  ben- 
zylidene-hydrocollidine-dicarboxylate  yields  on 
hydrolysis  and  oxidation  lutidinetricarboxylio 
acid,  and  this  on  distillation  with  lime  gives  the 
lutidine  above  referred  to  (Epstein,  A.  231,  32). 

Hydboxypyeidine-dicaeboxylio  Acids 
0,H,(OH)N(C02H)2. 

Hydroxyquinolinic  acid  [OH  :  (CO  ,H)2  = 
{a':a:0)  \.  By  fusing  quinolinic  acid  with  potash. 
It  blackens  without  melting  at  254°  (B.  16, 
2,158).  Heated  with  water  to  195°  it  decom- 
poses into  carbon  dioxide  and  hydroxypyridine- 
carboxylic  acid.  Its  silver  salt  on  heating  yields 
a-hydroxypyridine  (B.  17,  592). 

Aminonioclielidonic  acid  is  obtained  by  heat- 
ing chelidonic  acid  with  ammonia. 

Pyiudine-tricarboxyijIC  Acids  05H^N(C0^H)3. 

ajSy-Tricarboxylic  acid  is  formed  by  com- 
pletely oxidising  the  qumine  alkaloids,  further 
from  7-niethylquinoline  and  from  y-quinoline- 
carboxylio  acid.  It  melts  at  250°,  but  begins  to 
decompose  at  180°  into  carbon  dioxide  and  cin- 
cliomeronic  acid. 

a/3/3'-Tricarboxylic  acid  is  obtained  from 
/3-quinolinecarboxylic  acid.  It  softens  at  about 
150°. 

Tricarboxylic  acids  have  also  been  obtained 
by  oxidising  the  alkaloid  berberine,  and  also 
from  uvitonic  acid,  the  condensation  product  of 
pyruvic  acid  and  ammonia. 

Pyeidinb-teteacarboxylic  Acids  CiHN(CO.jH)j. 

a;3a'/3'-Tetracarboxylic  acid.  By  oxidising 
the  lutidine-dicarboxylic  acid  formed  by  the 
condensation  of  isobutylaldehyde  with  ethylic 
acetoacetate  and  ammonia  (Hantzsch  and  Weiss, 
B.  19,  284). 

The  acid  obtained  by  oxidising  collidine- 
monocai'boxylio  acid  crystallises  with  2  mole- 
cules of  water  and  melts  at  188°  (A.  225,  133). 

Pyridine-pentacarboxylic  acid  C5N(CO.jH)5 
from  trimcthylpyridine-dicarboxylic  acid. 

A  dibromopyridine  (fifi')  has  been  obtained 
by  acting  on  collidine-dicarboxylic  acid  with 
bromine  and  afterwards  removing  the  carboxyl 
groups  (Pfeiffer,  B.  20,  1,349).  It  is  identical 
with  that  obtained  by  acting  on  x^yridiwe  with 
bromine  (Hofmann,  B.  12,  988). 

Picoline  (mctlujlivjndine)  C.H,(CHJN.  For 
the  separation  of  this  base  from  the  bone  oil 
that  iJortion  of  the  oil  is  taken  which  boils 
between  130°-145°.  On  subjecting  this  to  re- 
distillation the  greater  part  of  the  oil  comes 
over  between  133-139°.  It  is  not  possible  to 
effect  a  separation  of  the  bases  by  means  of 
fractional  distillation,  but  a  difference  in  the 
solubility  of  the  platinum  salts  of  the  two 
bases  furnishes  a  means  of  separating  them. 
According  to  Ladenburg  (B.  1885,  47)  com- 
mercial picoline  consists  of  three  bases,  a- 
methylpyridine,  ;8-methylpyridine,  and  probably 
aa'-dimethylpyridine,  the  second  only  being  x^re- 
sent  in  very  small  quantities.  The  same  ob- 
server (B.  1885,51)  has  also  noticed  the  presence 
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of  pyridine  in  this  fraction.  It  can  be  separated 
by  means  of  its  picrate,  which  melts  at  162°. 

a-Metliylpyridine  boils  at  133-9°,  is  an 
optically  inactive  oil,  and  on  oxidation  yields 
picolinio  acid. 

18-Methylpyridine  boils  at  140-1°,  and  on 
oxidation  yields  nicotinic  acid.  It  also  differs 
from  the  a-derivative  in  being  slightly  Iffivo- 
rotatory. 

7-Methylpyridine  does  not  appear  to  be 
contained  in  bone  oil.  It  has  been  obtained 
synthetically  by  the  action  of  heat  on  acrolein- 
ammonia,  and  also  from  allyl  tribromide. 

PiCODINB-MONOCAEBOXYLIO  ACIDS 

C,H3(CH3)NCO,H. 

Picolinecarboxylic  acid  is  formed  from  uvi- 
tonic acid,  the  product  of  condensation  of  pyruvic 
acid  and  ammonia.  It  sublimes  without  melting, 
and  yields  on  oxidation  pyridine-dioarboxylic 
acid. 

/37-Methylpyridine  carboxylio  acid 
(CH3 :  CO.B  =  7 : /3)  is  obtained  by  heating  me- 
thylquinolinic  acid  to  170°.    It  melts  at  210°, 
and  yields  on  oxidation  cinchomeronic  acid. 

PicoLiNE-DicAEBoxYLic  Acids  C5H,(CH3)N(COaH)2. 

Methylquinolinic  acid 
((CO._,H).j:  CH.j  =  a:  fi:y).  By  oxidising  7-methyl- 
quinoline  with  ijermanganate.    It  melts  at  186°, 
giving  carbon  dioxide  and  7-methyl-^-pyridine- 
carboxylic  acid. 

Uvitonic  acid  is  the  condensation  j^roduct 
obtained  from  pyruvic  acid  and  alcoholic  am- 
monia. It  melts  at  244°,  splitting  up  into  car- 
bon dioxide  and  picolinecarboxylic  acid. 

Picoline-dicarboxylic  acid  from  aldehydine, 
the  condensation  product  of  ethylidene  chloride 
and  aldehyde  ammonia.  It  sublimes  easily 
without  melting. 

A  picoline-tetracarboxylic  acid  is  also  ob- 
tainable from  the  dicarboxylic  acid  of  collidine 
by  oxidation  of  the  methyl  groups  with  xjerman- 
ganate.  Lutidine-tricarboxylic  acid  is  formed 
as  an  intermediate  x>roduct. 

Lutidine  [dimcthylpiiridine).  The  bases  hav- 
ing this  constitution  are  for  the  greater  part 
contained  in  that  portion  of  the  basic  oil 
boiling  between  150-170°.  After  redistilling  it 
is  separated  into  the  two  fractions  150-160° 
and  160-170°.  The  position  of  the  methyl 
groups  in  these  two  fractions  is  determined 
by  means  of  the  oxidation  products  formed. 
The  first  fraction  yields  on  oxidation  iso- 
einchomeronic  acid,  which  melts  at  236°.  On 
heating,  carbon  dioxide  is  split  off  and  nicotinic 
acid  is  formed.  From  this  is  inferred  that  the 
position  of  the  two  methyl  groups  is  a'^.  The 
higherfraction  yields  lutidinic  acid  on  oxidation, 
and  this,  on  heating,  gives  isonicotinic  acid,  from 
which  it  follows  that  the  methyl  groups  have  the 
positions  ay.  All  the  acids  give  pyridine  on 
distillation  with  lime.  According  to  the  re- 
searches of  Ladenburg  and  Both  (B.  18,  49), 
the  fraction  139-142°  also  contains  a  lutidine, 
which  was  sepiarated  by  means  of  the  mercuric 
chloride  salt,  melting  at  186°.  This  was  de- 
composed with  potash,  and  distilled,  when, 
after  drying,  an  oil  was  obtained  which  boiled 
at  142-143°,  and  yielded  on  oxidation  with  -gat- 
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manganate  a  dibasic  acid  which  is  identical 
with  that  obtained  from  synthetical  lutidine  ob- 
tained by  condensing  cinnamic  aldehyde,  ethylic 
aceto-acetate,  and  ammonia  (Epstein,  A.  231,  1). 
Its  sp.gr.  is  -954.5,  and  boiling-point  143°. 
The  constitution  of  the  /3-lutidine  is 
CH3 

CH3 

(Ladenburg  and  Roth). 

Lutidiue-monocarboxylic  acid  (aa'-dimetliyl- 

nicotinic  acid).  Obtained  by  distilling  lutidine- 
dicarboxylic  acid  (Weiss,  B.  19,  1,308).  It 
crystallises  in  fine  needles  melting  at  160". 

Lulidine-dicarboxylic  acid.  Obtained  by  the 
condensation  of  isobutylaldchyde,  ethylic  aceto- 
acetate,  and  ammonia  (Engelmann,  A.  231,  51 ; 
Hantzsch  and  Weiss,  B.  19,  284). 

Lutidine-tricarboxylic  acid  is  formed  by  the 
osidation  of  collidino-dic.irboxylic  acid  with  per- 
manganate. 

a-Lutidine  (so-called).  Separated  by  adding 
mei'curic  chloride  to  a  solution  in  hydrochloric 
acid  of  the  base  boiling  at  158-100°.  The  salt  has 
the  composition  C.H,,N,  HCl,  2HgCl,,  iH,0,  and 
melts  at  130°.  On  distilling  with  potash  the 
salt  is  decomijosed,  and  the  base  after  drying 
boils  at  157°.  Its  sp.gr.  is  -9503  at  0°  compared 
with  water  at  4°.  It  yields  a  pyridine-dicar- 
boxylic  acid  on  oxidation  with  permanganate, 
and  the  acid  melts  at  235°.  This  is  known  as 
a-lutidinic  acid  or  ay-pyridine-dicarboxylic  acid, 
since  on  heating  carbon  dioxide' is  given  ofif  and 
isonicotinic  acid  is  formed.  Hence  o-lutidine 
has  the  composition 


N 


(Ladenburg  and  Eoth,  B.  18,  913). 

Collidine  {ti  imetliylptjridine)  CjHj(CH3)3N. 

A  base  of  the  formula  CsH,,N  has  been 
isolated  from  the  fraction  boiling  between  170° 
and  180°,  but  this  has  been  shown  by  Weidcl  and 
Pick  to  be  an  07-methyletbylpyridiue  from  the 
fact  of  its  giving  on  oxidation  lutidinic  acid  melt- 
ing at  219°.  The  base  is  more  soluble  in  cold 
than  in  hot  water.  Its  sp.gr.  is  -9285  at  16-8°  ; 
it  boils  at  178-7°  (Wcidel  and  Pick,  M.  5,  G56). 
These  authors  are  of  opinion  that  Anderson's 
collidine  (Phil.  Mag.  4,  9,  145,  214)  was  impure. 
Tlie  base  does  not  form  any  crystallised  salts, 
and  is  not  identical  with  any  sjmthetical  collidine. 

Synthetical  collidine.  AMchydine.  Formed 
by  the  condensation  of  ethylidene  chloride  with 
ammonia  (Diirkopf,  B.  18, 921).  It  boils  at  170°, 
and  its  sp.gr.  at  0°  compared  with  water  at  4° 
is  -9319. 

Collidine  obtained  by  distilling  with  lime  the 
condensation  product  of  ethylic  acctoacotate  and 
aldoliyde-ammonia.  It  boils  at  171-172°,  and 
has  the  constitution 


cnj^  Jcir,. 

N 

CoUidiuo  dicarboxylic  acid.  Is  obtained  by 
oxidLsiug  hydrocollidine-dicarboxylio  acid  with 


nitrous  acid.  The  ether  of  this  acid  is  the  pro- 
duct of  condensation  of  ethylic  acetoacetate  with 
aldehyde-ammonia.  It  yields  on  heating  with 
lime  00'7-trimethylpjTidine.  The  acid  yields  by 
successive  oxidation  of  the  methyl  groups  per- 
manganate with  the  following  carboxylic  acids : 
Lutidine-tricarboxylic  acid 

c,(ch;).,n,cx\£)„ 

Picoline-tetracarboxyl  ic  acid 
C,(CH,)N(C0.,H)„ 

Pyridine-pentacarboxylic  acid  C4N(C0._.H)j. 

If  one  carboxyl  group  be  removed  from  the 
original  acid  and  it  be  then  oxidised,  the  following 
acids  are  successively  obtained  : 

From  collidine-monocarboxylic  acid 
C3H(CH3)3NC0.H  the  acids  lutidine-dicarboxylic 
acid  CiH(CH,)'.X(CO..H)„  picoUne-tricarboxylic 
acidCjH(CH3)N(CO.B)„pjTidine-tetracarbosyUo 
acid  C,HX(CO,H),." 

Qainoline.  This  base  is  contained,  together 
with  its  homologues,  in  the  higher  fraction 
of  the  basic  oils.  The  bases  are  separated 
by  means  of  the  platinum  salts  from  which  the 
platinum  is  precipitated  by  means  of  hydrogen 
sulphide  and  the  bases  liberated  by  means  of 
potash.  The  bases  accompanying  quinoline  are 
lepidine  (methylquinoline)  and  cryptidine  (di- 
methylquinoline). 

Quinoline  stands  in  the  same  relation  to 
naphthalene  that  pyridine  does  to  benzene.  Its 
constitution  may  therefore  be  represented  as 
follows : 

CH  CH 


It  has  been  obtained  synthetically  by  passing 
allylaniline  over  heated  lead  oxide 

/N  =CH 

C„HjNHCH..CHCH..=  C^,<  |  -f2H„ 

\CH=CH 

Similarly  acrolein-aniliue  yields  on  distilla- 
tion the  same  base. 

Its  constitution  was  determined  by  its  for- 
mation from  o-amidophenylpropionic  acid 

CJI,^;^-CtLCO..JI. 

This  gives  ol?  water  forming  hydrocarbostyril, 
the  constitution  of  which  is 

.CH..— CH, 

c.hZ    ■  ]  ■. 
\nh— CO 

By  the  action  of  PCI  ,  on  this  substance  dichloro- 
/CH=CC1 

quinoline  is  formed  Cfi/'         \     and  this  on 
N=CC1 

reduction  with  hydriodic  acid  yields  quinoline. 

Very  many  syntlietic  methods  have  latterly 
been  discovered  for  the  formation  of  quinoline 
homologues. 

1.  The  condensation  of  o-amido-  compounds 
which  contain  an  oxygen  atom  joined  to  the 
7-carbon  atom  in  the  side  chain,  e.g.  o-amido- 
cinnamic  aldehyde. 

2.  Skraup's  synthesis  appears  to  be  applica- 
ble to  all  aromatic  amines.  It  consists  in  heating 
the  amine  willi  glyci-rini'  ami  suli)liuric  acid  in 
presence  of  an  oxidising  agent  which  is  generally 
nitrobenzene.    The  equation  repreeentiug  this  is 
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C,H,NH,  +  C:,H,(0H)3  =  C„H,NC,H,  +  3H,0  +  H,. 
It  is  evident  that  by  taking  derivatives  of  aniline 
or  homologues,  quinolines  substituted  in  the 
benzene  ring  will  be  obtained. 

3.  Paraldehyde  also  acts  on  aromatic  amines 
in  presence  of  sulphuric  acid  with  the  formation 
of  methylquinoline,  the  methyl  group  being  at- 
tached to  the  carbon  next  to  the  nitrogen.  This 
methylquinoline  is  known  as  quinaldine. 

•i.  Orthoamidobenzaldehyde  forms  quinolines 
on  condensation  with  aldehydes  or  ketones  in 
presence  of  potash. 

Besides  ordinary  quinolins  an  isoquinoline 
is  known  in  which  the  nitrogen  atom  takes  the 
place  of  the  CH  group  in  naphthalene  in  the 
i8-  position  instead  of  in  the  a-  position  as  in  ordi- 
nary quiuoline.  The  iso-  derivative  occurs  in  the 
quinoline  derived  from  coal  tar  and  it  is  owing 
to  the  presence  of  this  compound  that  the  dyestuff 
quinoline-red  is  formed  (Hofmann,  B.  20,  4). 

Isoquinoline  has  been  obtained  as  follows  : 

The  ammonium  salt  of  o-carboxyphenyl- 
acetic  acid  is  heated  until  no  more  ammonia  or 
water  is  given  off.  Tlie  homo-o-phthalimide 
remaining  behind  is  then  distilled  in  a  vacuum 
and  has  the  constitution 

/CH,— CO 
C.H  /  I  . 

\C0  -NH 

This  is  then  heated  with  phosphorus  oxycliloride 
with  the  formation  of  dichloro-isoquinoline 
/CH  -  CCl 
C.H/  I 
\CC1  =  N 

and  this  on  reduction  -with  concentrated  liydriodic 
acid  yields  isoquinoline  (Gabriel,  B.  19,  2,354). 

A  mixture  of  quinoline  andlepidine  (7-uiethyl- 
quinoline)  treated  with  amyl  iodide  yields  the 
dyestuff  known  as  cyanine. 

Quinaldine  on  heating  with  phthalic  anhy- 
dride yields  quinophthalone,  which  probably 
has  the  constitution 
CO 

C.H/  \0 

\  C  /  =CH— C„H,N. 
On  treating  this  with  fuming  sulphuric  acid  a 
sulphonate  is  formed  which  is  a  dyestuff  known 
as  quinoline  yellow. 

Quinoline  is  a  colourless  strongly  refractive 
liquid  boiling  at  230'^,  sp.gr.  at  20'^  1-0U17.  It 
forms  salts  with  acids,  the  bichromate 

(C,,H,N)jCr.p,H, 
melting  at  165°  being  especially  characteristic. 

Nascent  hydrogen  converts  it  into  dihydro- 
quinoline  C,|H,|N,  melting  at  161°,  and  tetrahydro- 
quinoline  boiling  at  245°.  On  heating  quinoline 
with  sodium,  so-called  a-diquinolyline  melting  at 
170°  is  formed.  The  /3-product  melting  at  192""  is 
formed  by  heating  quinoline  with  benzoyl 
chloride  or  by  distilling  7-quinoline-carboxylic 
acid  with  lime. 

Substitution  products  of  quinoline  with  the 
substituting  groups  in  the  benzene  ring  are 
formed  from  the  substituted  anilines  by  Skraup's 
synthesis :  such  for  example  are  the  chloro-, 
bromo-,  and  nitro-  quinolines,  and  also  the 
quinoline-sulphonic  acids.  These  latter  yield 
cyanides  on  distillation  with  potassium  cyanide, 
which  in  turn  form  carboxylic  acids  on  hydrolysis. 

Hydroxyquinolines  C,,HjOH)N.  Those  con- 
taining the  OH  group  in  the  benzene  ring  are  ob- 
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tained  syntheticnlly  from  the  amido-phenols  or  by 
fusing  the  quinoline-sulphonic  acids  with  potash. 

o-Hydroxyquinoline  melts  at  75°  and  boils  at 
258^.  On  reduction  with  tin  and  hydrochloric 
acid  hydroxytetrahydroquinoline  is  formed,  and 
this  by  treating  with  methyl  iodide  forms 
hydroxytstrahydromethylquinrline,  the  hydro- 
chloride of  which  is  kairine,  its  formula  being 
C,„H,/)N,  HCl,  H,0. 

(/(-Hydroxyquiiioline  is  obtained  from  m- 
amido-phenol  or  from  the  corresponding  quino- 
line-sulphonic acid.    It  melts  at  238°. 

2)-Hydroxyquinoline  from  ^j-amidophenol  or 
from  the  quinoline-sulphonic  acid  obtained 
from  sulphanilic  acid.  The  most  important  of 
the  hydroxyquinolines  containing  the  hydroxyl 
group  in  the  pyridine  ring  is  carbostyril.  This 
is  obtained  by  reducing  ethylic  o-nitrocinnamate 
with  ammonium  sulphide.  It  crystallises  in 
prisms  or  fine  needles  and  melts  at  199°.  On 
oxidation  with  permanganate  it  forms  oxalyl- 
anthranilic  acid. 

Homologues  of  quinoline.  The  three  tolu- 
idines  all  yield  methylijuinolines  which  on 
oxidation  give  quinolinic  acid,  the  benzene  ring 
being  destroyed. 

Quinaldine  (a-methylquinoline)  has  the  con- 
stitution : 

CH  CH 


CH 


,C 


CCH, 


CH  N 

and  was  first  obtained  by  the  condensation  of 
aniline  with  acetaldehyde  by  means  of  sulphuric 
acid.  It  is  also  formed  by  acting  on  o-amido- 
benzaldehyde  with  acetone  and  caustic  potash. 
Coal  tar  quinoline  contains  about  25  p.c.  of 
this  base.  It  boils  at  239°  and  yields  accord- 
ing to  the  oxidising  agent  used  either  a-quino- 
linecarboxylic  acid  or  acetylanthranilic  acid. 
Anilacetoacetic  acid  on  condensation  yields 
7-hydroxyquinaldine  having  the  constitution 
^C(OH)  :  CH 


-  CCH, 


a  substance  boiling  at  222  '\ 

Lepidine  7-methylquinnline,  whicli  appears  to 
be  identical  with  so-called  iridoline  from  coal 
tar,  is  formed  by  distilling  cinchonine  with  lime. 
It  has  the  constitution 

CH, 


which  is  proved  by  oxidising  it  with  perman- 
ganate, the  first  product  being  methylquinoliuic 
acid,  and  the  final  one  (a-  ^-  7-)  pyridine-tri- 
carboxylic acid. 

Dimethylquinolines  are  formed  by  condensing 
the  three  toluidines  with  paraldehyde  or  from 
the  xylidines  by  heating  with  glycerine. 

Phenylquinoline  (C^Hj  in  the  benzene  ring) 
is  formed  from  ^j-amidodiphenyl  on  condensa- 
tion with  glycerine. 

o-Phenylquinoline  (CgHj  in  the  0-  position  to 
the  nitrogen)  is  formed  by  heating  ciiinam. 
aldehyde  and  aniline  with  hydrochloric  acid. 
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w-Phenylquinoline  by  condensing  o-amido- 
benzaldehyde  with  phenylacetaldehyde.  F la- 
van  i  lino,  a  yellow  dyestuff  formerly  emjiloyed, 
is  also  a  quinoline  derivative.  It  is  formed  by 
heating  acetanilide  with  zinc  chloride  to  200^^. 
Its  constitution  is 

CH3 
N 

but  owing  to  not  being  fast  to  light,  it  is  no 
longer  in  use. 

Quinoline-carboxylic  acids  CoH^NCOB. 

Those  containing  the  carboxj'l  group  in  the 
benzene  ring  can  all  be  formed  from  the  amido- 
benzoic  acids  or  by  saponification  of  the  cyano- 
quinolines  obtained  from  the  quinoline-sulphonic 
acids. 

Those  acids  containing  the  carbosyl  group  in 
the  same  ring  as  the  nitrogen  are  formed  by 
oxidising  methyl- or  ethyl- derivatives  of  quinoline 
in  which  the  substituting  group  is  in  that  ring. 
Thus  quinaldine  yields  a-quinolinecarboxylic 
acid  or  quinaldic  acid  on  oxidation  with  chromic 
acid,  and  the  /3-carboxylic  acid  is  formed  from 
/3-ethylquinoline  which  on  oxidation  with  per- 
manganate gives  a;8;3'-pyridine-tricarboxyhc  acid. 
Cincbonic  acid  or  7-quiuoline-carboxyUc  acid  is 
formed  by  oxidising  cinchoniue  with  perman- 
ganate or  7-methylquinoline  with  chromic  acid. 

Hydroxyquinolinecarboxylic  acids 

C„H3(0H)KC0.H. 

These  are  formed  by  fusing  the  sulphonic 
acid  of  the  corresponding  quinoline-carboxylic 
acid  with  potash.  o-Hydroxy-jS-quinoliue-car- 
boxylic  acid  is  obtained  by  condensing  o-amido- 
benzaldehyde  with  nialonic  acid. 

Lilcmture. — Anderson,  T.  E.  S.  E.  16,  463  ; 
20,  247  ;  21,  219;  21,  571 ;  A.  70,  32  ;  81,  44; 
91,  358;  105,  335.  Weidel,  S.  W.  A.  79,  837; 
80,  443  ;  80,  821 ;  81,  512  ;  90,  972;  B.  C.  G.  12, 
1,  989  ;  13,  05.  Ladenburg,  B.  18,  47.  Ciamiciau, 
B.  14,  1,054. 

BOOXUM  or  SAPPAN  WOOD.  An  Indian 
wood,  the  product  of  Ca-saljjinia  sappan.  Used 
in  dyeing  reds. 

BOOMAH  NUTS.  The  fruit  of  Pycnocoma 
macroplujlla,  belonging  to  the  Euphorbiacere. 
Used  in  tanning  (Holmes,  Ph.  [3j  8,  303). 

BORJVCIC  or  BORIC  ACID  v.  Bohon. 

BOEACITK  V.  Boron. 

BORAX  V.  BoitoN. 

BORDEAUX  V.  Azo-  colouhino  juttehs. 
Lambert  (i'r.  22,  40)  detects  this  dj'e  in  wines 
by  precipitating  with  basic  lead  acetate,  and 
extracting  the  precipitate  with  alcohol ;  the  red 
solution  thus  obtained  is  turned  yellow  by  alka- 
lis. Wool  heated  with  the  wine  withdraws  its 
colouring  matter. 

BcUier  (J.  Ph.  [5]  14,  7)  describes  a  method 
of  determining  quantitatively  the  amount  of  this 
dye  in  wines. 

BORNEO  CAMPHOR  v.  Camtoors. 

BORNEOL  V.  Camwiors. 

BORNESIT  V.  Glucosidus. 

BORNITE  or  PURPLE  COPPER  ORE.  A 
double  sulphide  of  copper  nnd  iron  of  viiriable 
composition,  found  iu  Cornwall,  Ireland,  Chili, 
and  Canada.   Known  also  as  EnihcscUc,  in  allu- 
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sion  to  its  power  of  becoming  tarnished.  Called 
by  tlie  Cornish  miners  '  horse-flesh  ore.' 

BOROCALCITE.  Calcium  dimetaborate.  It 
is  found  on  the  plains  of  Iquique,  Ecuador, 
South  America. 

BORO-GLYCERINE.  An  antiseptic,  patented 
by  Barll  (Ger.  Pat.  18,108 ;  Eng.  Pat.  5,090, 1884) ; 
prepared  by  heating  92  parts  glycerol  with  62 
parts  boric  acid  at  200°C.  It  is  a  yellowish, 
transparent  substance,  soluble  in  alcohol  and  in 
40  parts  of  water.  Used  as  a  preservative  for 
fruits  and  wines  (S.  C.  I.  1,  244;  4,  862). 

BORON.  B.  At.  w.  10-97.  An  eleme  \t 
usually  reckoned  among  the  metalloids,  althougu 
it  presents  analogies  to  the  metals,  and  has  been 
placed  by  Etard  (C.  R.  91,  627)  at  the  head  of 
the  vanadium  group,  intermediate  between  that 
of  phosphorus  and  that  of  carbon  ;  is  a  triad  in 
most  of  its  known  combinations,  but  is  also 
capable  of  acting  as  a  pentad  (Michaelis  and 
Becker,  B.  13,  58).  Never  occurs  free  ;  usually 
as  boric  acid,  and  in  several  minerals,  as  borax 
or  tincal,  boracite,  hydroboracite,  rhodizite,  sas- 
solin,  borocalcite,  boronalrocalcite,  datoUtc,  and 
bolryolite,  and  in  small  quantities  in  schorl,  apy- 
rite,  and  axitiitc. 

The  element  was  first  isolated  by  Gay-Lussac 
and  Tbenard  in  1808,  by  heating  boric  oxide 
with  potassium,  boiling  out  the  fused  mass 
with  hydrochloric  acid  and  washing  with  wafer. 
According  to  Wohler  and  Deville  (A.  Ch.  [3]  52, 
63)  it  may  be  obtained  by  mixing  60  grams  of 
sodium  in  small  pieces  with  100  grams  of  powdered 
boric  oxide  in  an  iron  crucible,  covering  the 
mixture  with  a  layer  of  30  grams  ignited  sodium 
chloride  iu  fine  powder,  and  heating  the  whole 
to  redness.  After  the  completion  of  the  re- 
action, which  is  very  violent,  the  mixture  is 
stirred  with  an  iron  rod,  until  the  sodium  and 
sodium  chloride  are  fused,  and  carefully  poured 
into  dilute  hydrochloric  acid,  and  the  residue 
washed  with  water  containing  ammonium  chlor- 
ide (which  salt  is  subsequently  removed  by 
alcohol)  and  dried.  Boron  can  also  be  obtained 
by  heating  potassium  borofluoride  with  potas- 
sium (Berzelius),  or  magnesium  (Wohler  and 
Deville) ;  by  the  electrolysis  of  fused  boric  oxide 
(Davy) ;  by  reducing  boron  trichloride  by  hydro- 
gen (Dumas) ;  by  fusing  borax  with  amorphous 
phosphorus  (DragendorlT) ;  by  heating  boric  oxide 
with  magnesium  and  treating  the  residue  with 
dilute  hydrochloric  acid. 

All  these  processes  yield  boron  as  an  opaque 
amorphous  powder  of  a  greenish-brown  colour  ; 
it  is  tasteless,  odourless,  staining  the  fingers 
strongly;  becomes  denser  on  being  heated  in  a 
vacuum  or  in  gases  which  have  no  action  ujion  it ; 
non-conductor  of  electricity  ;  not  oxidised  at  ordi- 
nary temperatures  in  either  air  or  oxygen  ;  heated 
in  air  it  burns  with  a  reddish  light,  forming  B._,0, 
and  BN  ;  burns  with  dazzling  In  ightncss  in  oxy- 
gen, forming  B...O.r  Boiling  water  has  no  action  on 
it,  but  it  is  readily  oxidised  by  stron;^  nitric  acid 
in  the  cold,  and  by  sulphuric  acid  wlu  ii  heated. 
When  heated  to  redness  with  the  alkaline  salts 
of  oxyaeids,  yields  an  alkaline  borate,  the  forma- 
tion being  frequently  attended  with  incandes- 
cence, and  in  the  case  of  nitre  with  explosion. 
Heated  with  potash  it  forms  potassium  borate 
with  liberation  of  hydrogen,  and  reduces  the 
chlorides  of  gold,  mercury,  silver,  and  lead  and 
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sulphide  of  lead,  chloride  and  sulphide  of  boron 
being  formed  (Wtlhler  and  Deville,  I.e.  and 
A.  105,  72).  Heated  in  nitrogen  it  forms  white 
boron  nitride.  It  decomposes  nitric  oxide  at  a 
red  heat,  burning  brilliantly  and  forming  boric 
oxide  and  nitride,  but  apisarently  has  no  action 
on  nitrous  oxide. 

The  only  industrially  uuportant  comi^ounds 
of  boron  are  boric  oxide,  boric  acid,  and  certain 
borates. 

Boric  Oxide  B^O,.  Obtained  by  burning  boron 
in  oxj-gen,  or,  more  easily,  by  strongly  heating 
boric  acid,  when  it  melts  at  577°  to  a  viscid  mass, 
cooling  to  a  colourless  brittle  glass  of  sp.gr.  1-83. 
Non-volatile  and  hence  capable  of  expelling 
carbonic,  nitric,  and  sulphuric  acids  from  their 
salts  at  a  red  heat.  Soluble  in  water,  forming 
boric  acid. 

Boric  or  Boracic  Acid.  Sal  seclativum  Hom- 
bergii,  Sal  narcoticum  vitrioli.  Boric  oxide 
forms  three  hydrates : 

Orthoboric  acid  B.,03.3H.,0  =  H3B03. 

Metaboric  acid  B.OjIl.O  =  H,B.,0,,. 
Pyroborio  acid  2B,03.H,0  =  H,B,0,. 

Boric  acid  appears  to  be  a  bibasic  acid,  and 
most  of  its  salts  may  be  regarded  as  derived  from 
metaboric  or  pyi'oboric  acid.  Both  these  are  so- 
called  '  weak  '  acids.  Their  salts,  when  soluble, 
have  usually  an  alkaline  reaction,  even  when 
containing  excess  of  boric  acid,  and  are  decom- 
posed even  by  carbonic  acid. 

Boric  acid  is  found  free  in  nature  in  many 
volcanic  districts — as  in  Tuscany,  where  the 
vapours  issuing  from  the  earth  are  charged  with 
the  acid,  which  is  found  dissolved  in  the  small 
lakes  (laguni)  formed  by  the  condensation  of  the 
vapours,  or  deposited  as  a  crystalline  crust  round 
their  margins — as  in  the  neighbourhood  of  Sasso. 
In  smaller  quantities  it  exists  in  sea-water  and 
in  many  mineral  springs.  The  most  important 
natural  borates  are  borax  or  tincal,  boracitc, 
datolite,  and  boronatrocalcite. 

Pure  boric  acid  is  easily  obtained  by  treat- 
ing a  solution  of  3  parts  borax  in  12  parts  hot 
water  with  1  i^art  sulphuric  acid.  On  cooling, 
boric  acid  separates  out ;  it  is  recrystallised 
from  hot  water,  dried  and  fused  to  expel  traces 
of  sulphuric  acid,  and  again  recrystallised  from 
water.  It  forms  white,  translucent,  monoclinio 
lamina;  (Kengott),  which  have  a  mother-of-pearl 
lustre  and  are  unctuous  to  the  touch.  Sp.gr. 
l'4o4  at  15°.  1  part  dissolves  in  25'7  parts 
water  at  18  %  14-9  parts  at  25°,  10-7  parts 
at  50°,  4-7  parts  at  75°,  and  2-97  parts  at 
100°  (Brandes  and  Firnhaber,  Ar.  Ph.  7,  50). 
More  soluble  in  alcohol  and  volatile  oils.  Its 
solubility  in  water  is  increased  by  the  presence  of 
tartrates  or  tartaric  acid.  A  cold  saturated  solu- 
tion of  boric  acid  colours  litmus  a  wine-red ;  a 
hot  saturated  solution  gives  a  bright-red  colour. 
Turmeric  paper  moistened  with  an  alcoholic 
solution  of  boric  acid  ac(juires  a  brown-red  tint, 
which  is  intensified  by  acids  and  turned  green- 
ish-black by  alkalis.  The  alcoholic  solution 
burns  with  a  green  flame,  especially  when  acidi- 
fied by  sulphuric  or  hydrochloric  acid. 

Crystalhsed  boric  acid,  heated  to  100°,  is  con- 
verted into  H.,B.,0.,  (Schatfgotsch,  J.  1859,  71), 
and  into  H.J3.,6, 'at  160°  (Merz,  J.  pr.  99,  179; 
Ebelmen  and  Bouquet,  A.  Ch.  [3]  17,  63).  At  a 
stronger  heat  the  acid  froths  up,  parting  with  its 


water  and  forming  boric  anhydride  as  a  fused 
viscid  mass,  solidifying  to  a  fissured  glass  on 
cooling. 

The  chief  use  of  boric  acid  is  in  the  manu- 
facture of  borax  (g.  ■;;.).  It  is  also  emjjloyed  for 
glazing  porcelain,  in  the  preparation  of  glass 
and  certain  pigments,  and  for  soaking  the  wicks 
of  stearine  caudles.  It  has  also  been  proposed 
to  use  boric  acid  in  the  i)reparation  of  nitric 
acid  from  Chili  saltpetre,  so  as  to  obtain  borax 
as  a  by-product. 

Boric  acid  has  no  effect  upon  vinous  fer- 
mentation ;  it  retards  acetous  fermentation, 
however,  but  only  in  those  cases  where  no  acetic 
acid  is  already  present  (Herzen,  B.  C.  1880, 
487). 

Industrial  extraction  of  boric  acid.  The 

occurrence  of  the  sal  scJativum  of  Homberg  in 
the  water  of  the  Tuscan  lagoons  appears  to 
have  been  first  noticed  in  1777  by  Hofer,  a 
Florentine  apothecary,  and  its  extraction  was 
begun  about  1815,  and  to-day  the  greater  part 
of  the  boric  acid  of  commerce  is  derived  from 
the  lagoons  near  Monte  Eotondo,  Lago  Zolforeo, 
Sasso,  and  Larderello,  in  the  Maremma  of  Tus- 
cany, inclosing  both  natural  and  artificial  vents. 
The  soffioni  or  jets  of  steam,  which  often  rise  in 
thick  columns  to  a  considerable  height,  contain 
only  traces  of  boric  acid,  but  when  these  are 
condensed  in  the  water  of  the  lagoons  this 
becomes  gradually  charged  with  the  acid  which 
is  obtained  from  the  solution  by  evaporation. 

To  obtain  the  boric  acid,  the  soffioni  are 
surrounded  by  basins  of  rough  masonry,  several 
of  which  are  arranged  in  steps,  one  above  the 
other,  in  such  manner  that  the  contents  of  each 
basin  can  be  led  by  gravitation  into  the  basin 
below.  Fresh  water  from  a  neighbouring  spring 
is  conducted  into  the  u^jpermost  basin,  while 
the  gases  and  vapours  of  the  fumaroles  rise 
through  the  water  from  beneath,  occasionally 
with  such  violence  as  to  eject  the  water  to  a 
height  of  several  feet.  After  twenty-four  hours 
the  water  in  the  first  basin,  -^shich  is  generally 
muddy,  is  allowed  to  pass  into  the  second  basin, 
the  first  being  recharged  with  fresh  water.  After 
another  twenty-four  hours  the  second  basin  is 
discharged  into  the  third  and  the  first  into  the 
second,  the  second  and  following  basins  being 
also  built  round  soffioni.  After  having  passed 
through  four  or  five  of  these  basins,  the  solution 
is  passed  into  rectangular  reservoirs  in  which 
the  suspended  matter  is  deposited  on  standing. 
From  these  it  passes  into  a  series  of  leaden 
evaporating  pans,  placed  in  couples  one  above 
the  other  in  the  form  of  a  terrace.  These  pans 
are  heated  by  the  gases  and  vapours  of  soffioni 
— which  on  account  of  their  situation  are  other- 
wise useless— by  a  method  first  adopted  by 
Count  Lardarel  in  1815.  The  evaporating  pans 
are  square,  about  1  foot  deep  and  9  feet  square, 
and  are  supported  on  wooden  beams.  The  solu- 
tion is  heated  in  these  for  twenty-four  hours 
until  it  has  attained  a  density  of  1-017,  when  it 
is  decanted  into  a  second  series  of  pans,  where, 
after  another  twenty-four  hours,  it  attains  a 
density  of  1-034,  and  is  finally  decanted  into  the 
last  four  pans,  where  it  is  evaporated  to  a  specific 
gravity  of  1-07. 

The  tejnperature  gradually  increases,  being 
in  the  first  pans  about  60°  to  71°,  in  the  follow- 
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ing  pans  about  75°,  and  in  the  last  as  high  as 
80°. 

In  all  these  pans  a  precipitation  of  gypsum 
takes  place,  which  requires  to  be  removed  from 
time  to  time.  When  the  solution  in  the  last 
pans  has  attained  a  density  of  1-07,  it  is  run 
through  funnels  into  the  crystallising  vats,  con- 
sisting of  vrooden  tubs  lined  with  lead.  After 
twenty-four  hours  the  crystallisation  is  com- 
plete, the  mother  liquor  is  then  decanted  off  and 
added  to  the  evaporating  pans  a  few  hours 
before  the  completion  of  the  concentration.  The 
crystals  are  drained  in  baskets  placed  under  the 
crystallising  vats  for  twenty-four  hours,  and  are 
spread  out  on  the  bottom  of  a  large  drying  oven, 
which  is  likewise  heated  by  the  vapour  from 
the  sodioni.  The  layer  of  crystals,  which  is  two 
or  three  inches  thick,  is  stirred  at  intervals  to 
assist  the  drying.  This  is  complete  in  twenty- 
four  hours.  An  improved  form  of  evaporating 
apparatus  consists  in  decanting  the  solution  in 
the  reservoirs  from  which  the  suspended  matter 
has  deposited  into  a  pan,  and  thence  running  it 
into  a  slightly  inclined  trough  made  of  sheet 
lead  with  the  edges  turned  upwards.  The 
trough  has  an  undulatory  form,  is  supported  on 
wooden  sleepers,  and  heated  by  the  soliioni 
vapours.  The  solution  of  boric  acid  after 
passing  through  this  heated  trough  becomes  so 
concentrated  as  to  be  ready  for  crystallisation. 

Artificial  soflioni  have  been  bored  to  a  depth 
of  200  feet  in  the  vicinity  of  the  Monte  Eo- 
tondo,  and  yield  an  annual  supply  of  over  200 
tons  of  boric  acid.  The  chief  works  are  at 
Monte  Cerboli,  Larderello,  San  Fcdcrigo,  Castel 
Nuovo,  Sassu,  Monte  Kotondo,  Lustigiiano,  Ser- 
ranzano,  Lago,  and  San  Eduardo,  each  of  which 
has  from  8  to  35  lagoni,  100  to  200  feet  in 
diameter  (Payen,  Ind.  Ch.,  trans,  by  Paul). 

The  boric  acid  thus  obtained  is  far  from 
pure.  Analyses  of  different  samples  by  Paycn, 
Vohl,  and  Wittstein  show  that  it  contains  from 
74  -80  p.c.  crystallised  boric  acid,  from  4-5  to  7 
p.c.  of  hygroscopic  water,  ammonium  and  mag- 
nesium sulphates  8-14  p.c,  together  with  gyp- 
sum, clay,  sand,  sulphur,  organic  matter,  and 
free  acids  and  ammonia. 

The  following  table  shows  the  general  com- 
position of  crude  boric  acid  : 


Wittstein  Paycn 


Boric  acid .... 

7G-5 

74  to  84 

Ferric  sulphate  . 

0-4 

Aluminium  sulphate  . 

03 

Calcium  sulphate 

1-0 

2-4  to  1-2 

(Including  clay,  sand,  Ac 

■)■ 

Magnesium  sulphate . 
Ammonium  sulphate 

2-6  \ 
8-5/ 

14-0  to  80 

Sodium  and  potassium  sul- 

phates .... 

1-3 

Manganese  sulphate  . 

trace 

Ammonium  chloride . 

0  2 

2-G  to  1-0 

Silica  .... 

1-2 

Sulphuric  acid  . 

i:! 

Hygroscopic  water    .  , 

00 

7  to  5-8 

and  organic  matter. 

The  origin  of  the  boric  acid  in  the  sofiioni 
is  not  understood.  Dumas  suggested  that  it  is 
formed  by  the  decomposition  by  means  of  water 
of  a  bed  of  boron  sulphide  formed  at  some 
depth  below  the  surface.   Bollcy  (A.  63,  122) 


has  supposed  that  it  is  produced  by  the  action 
of  a  hot  solution  of  ammonium  chloride  upon 
the  borates  contained  in  the  earth.  According  to 
Warington  (C.  G.  1854,  419),  Wohler  and  Deville 
;  (A.  105,  G9),  and  more  lately  Popp  (A.  Suppl.  8, 
1),  its  formation  is  probably  due  to  the  action  of 
water  upon  boron  nitride. 

Dieulafait  has  found  boric  acid  in  regions 
where  there  are  no  visible  manifestations  of 
volcanic  action,  and  concludes  that  it  is  of 
aqueous  origin,  and  derived  from  the  waters  of 
'  ancient  seas  (C.  E.  100,  1,017,  and  1,240). 
I      Boric  acid  occurs  on  the  West  Coast  of  South 
j  America,  principally  in  the  form  of  boronatro- 
calcite   (ulcxite,   or  Imyesiiic),  and    is  found 
throughout  the  province  of  Atacama  and  in  the 
newly  acquired  portions  of  ChiU.    Ascotan  and 
Maricunga,  to  the  north  of  Copiapo,  are  the 
!  places  which  have  proved  most  successful  com- 
mercially.   The  crude  material,  known  as  tiza, 
\  occurs  in  both  places  in  lagoons  or  troughs ; 
^  these,  instead  of  being  entirely  filled  with  com- 
,  mon  salt,  as  is  usually  the  case  in  the  desert, 
[  contain  zones  or  layers  of  boronatrocalcite, 
alternating  with  layers  of  salt  and  salty  earth. 
The  lagoons  of  Maricunga  are  estimated  to 
cover  3,000,000  sq.  metres.  The  raw  material  con- 
tains on  the  average  about  25  p.c.  of  boric  acid, 
but  by  washing  and  calcination  it  may  be  raised 
to  55  or  60  p.c.    The  roughly  puriUed  boro- 
natrocalcite is  shipped  to  England  and  Ger- 
many.   It  is  treated  with  hydrochloric  acid  and 
the  separated  boric  acid  converted  into  borax 
either  by  the  wet  way  or  by  fusion  with  soda 
ash  (Darapsky,  C.  Z.  11,  605 ;  Lunge,  D.  P.  J. 
181,  370). 

Volcanic  emanations  containing  boric  acid 
occur  in  Nevada,  in  Cahfornia,  and  Nova  Scotia. 
A  borate  of  lime  {rhodizitc)  is  imported  from 
the  West  Coast  of  Africa. 

Metallic  BonvTES. 

Borates  are  obtaiued  by  the  action  of  boric 
acid  on  metallic  oxides  or  their  salts,  either  in 
the  di'y  or  wet  way. 

In  solution  boric  acid  is  a  very  weak  acid, 
being  expelled  by  almost  all  acids  from  its  com- 
binations, partially  so  even  by  carbonic  and 
hydrosulphuric  acids.  A  boiling  concentrated 
solution,  however,  decomposes  carbonates  and 
soluble  sulphides  and  manganese  sulphide. 

In  the  dry  way,  at  liigh  temperatures,  it  is 
capable  of  decomposing  the  salts  of  all  moro 
volatile  acids. 

Alkaline  borates  are  readily  soluble  in  water, 
but  are  precipitated  by  alcohol.  None  are  per- 
fectly insoluble  in  water  ;  but  all  the  others, 
except  the  borates  of  the  alkaline  metals,  may 
be  prepared  by  precipitation. 

The  sparingly  soluble  borates  are  easily  de- 
composed by  water.  Even  the  alkaline  borates 
arc  decomposed  by  water.  A  concentrated 
solution  of  borax  turns  blue  litmus  rc  ] :  on  the 
addition  of  a  considerable  quantity  of  water  the 
litmus  is  coloured  blue.  Dilute  solutions  of 
borates  behave  indeed  like  dilute  solutions  of 
the  alkali  mixed  with  boric  acid.  They  absorb 
carbonic  acid  from  the  air,  set  ammonia  free 
from  its  compounds,  Ac.  (Rose). 

Soluble  borates  give  white  precipitates  with 
salts  of  barium,  strontium,  calcium,  aluminium, 
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zinc,  leaa  ;  red  with  cobalt,  green  with  nickel, 
yellow  (red  on  boiling)  with  ferric  salts.  These 
precipitates  are  readily  soluble  in  ammonium 
chloride ;  and  if  they  have  been  produced  by 
an  acid  borate  of  an  alkali  metal,  they  are 
soluble  in  excess  of  the  salt  from  which  they 
have  been  precipitated. 

For  the  literature  of  the  borates  in  general 
V.  Watts's  Dict.  vol.  i.  521).  Only  the  more 
important  salts,  or  those  wliich  have  industrial 
relations,  will  be  here  described. 

Ammonium  borates.  Only  acid  salts  are 
known.  Of  these  NH,B0„.2HB0o  +  UB..,0  occurs 
as  Larderellite  in  the  Tuscan  lagoons,  and  may 
be  obtained  by  dissolving  boric  acid  in  warm 
ammonia.  A  solution  of  ammonium  borate  has 
been  employed  for  rendering  light  fabrics  non- 
inflammable. 

Calcium  borates.  The  orthosalt  CaHJEOj  is 
formed  by  the  addition  of  limewater  to  borax. 
The  scsquimctaboi'ate  CaoHB^Ou  is  precipitated 
together  with  the  dimetaborate  CaHB-^O.,  by 
the  addition  of  calcium  salts  to  borax.  Blwdizite 
appears  to  have  the  composition  of  the  sesqui- 
metaborate,  whilst  hayesite,  borocakilc,  and 
MjcLrohorocaJcitc  are  dimetaborates. 

Copper  borate.  Bolley  (J.  1847-8, 1,059)  re- 
commended the  use  of  the  green  precipitate 
obtained  by  the  mixture  of  cold  solutions  of 
2  parts  cupric  sulphate  and  3  parts  borax  as  a 
substitute  for  arsenical  green  in  painting  and 
dyeing.    V.  also  Poussier  (B.  6,  1,138). 

Iron  borate.  Ferric  monometaborate 
Fe.p^.SB^Oj.SAq  is  found  as  cagimita  in  the 
lagoons  of  Tuscany.  Basic  salts  are  formed  by 
precipitating  ferric  salts  with  alkaline  borates, 
and  by  the  precipitation  of  ammonioferric  sul- 
phate with  sodium  monometaborate  or  borax 
(Rose). 

Lead  borates.  Faraday  (P.  A.  18,  501)  by 
fusing  1  mol.  of  lead  oxide  with  2  mols.  of 
boric  oxide  obtained  a  nearly  colourless  glass, 
as  hard  as  flint  glass,  and  with  a  much  higher 
refractive  power. 

Magnesium  borate.  Magnesium  monoborate 
MgBO^  exists  native  as  horacite  :  usually  con- 
tains also  calcium  borate.  Has  been  jjrepared 
artificially  by  Heintz  (P.  A.  110,  613). 

Sodium  borate.  Trisodiuni  orthohorate 
NajBOj  is  formed  when  boric  oxide  is  fused 
with  excess  of  caustic  soda  (Bloxam,  Q.  0.  J.  14, 
143).  Tctrasodium  borate  Na,B,_,05  is  formed 
by  fusing  borax  with  excess  of  sodium  carbonate 
(Arfvedson,  Gm.  3,  87;  Bloxam,  Q.  C.  J.  12, 180). 
Sodium  monometaborate  NaBO^  is  i^roduced  by 
heating  G2  parts  boric  acid,  or  191  parts  borax, 
with  53  parts  of  anhydrous  sodium  carbonate. 
On  dissolving  the  fused  mass  in  water  the  tri- 
sodiuni orthosalt  NajBO^SH^O  separates  out  in 
large  monoclinic  prisms. 

Sodium  dimetaborate,  acid  metaborate,  bi- 
borate  of  soda,  or  borax  Na^B^O;,  the  most  im- 
portant salt  of  boric  acid,  is  found  native  in 
Transylvania,  Peru,  California,  India,  Thibet, 
Tartary,  and  Ceylon.  The  borax  of  commerce 
was  formerly  exclusively  obtained  from  the  salt 
lakes  in  these  countries.  The  yellowish-white 
mass  of  cTystals  obtained  by  the  evaporation  of 
the  water  was  sent  to  Europe  under  the  name  of 
tincal.  It  consisted  of  borax  mixed  with  lime, 
magnesia,  alumina,  and  chlorides,  and  sulphates 


of  sodium  and  calcium,  as  well  as  with  some 
greasy  substance  with  which  it  was  coated,  osten- 
sibly to  protect  it  from  breakage  during  trans- 
port. The  purification  of  the  crude  substance 
was  conducted  more  especially  in  Venice,  Ham- 
burg, and  certain  Dutch  seaports.  By  one 
method  limewater  was  added  to  remove  the 
greater  part  of  the  greasy  substance  from  the 
crystals,  which  were  further  cleansed  by  the 
addition  of  a  2  p.c.  solution  of  calcium  chloride 
to  their  solution  in  hot  water.  The  lime-soaj) 
so  formed  was  strained  off,  and  the  clear  liquid 
concentrated.  Or  the  powdered  tincal  was 
washed  in  a  sieve  with  a  solution  of  caustic 
soda  of  sp.gr.  1-034,  dissolved  in  water  and 
treated  with  a  12  p.c.  solution  of  soda  to  pre- 
cipitate the  earths,  and,  after  standing,  the  solu- 
tion was  evaporated  and  allowed  to  crystallise 
in  short  conical  vessels  of  wood  lined  with 
lead. 

According  to  Clouet  (D.  P.  J.  142,  395)  tincal 
may  be  refined  by  calcining  it  with  one-tenth 
part  of  sodium  nitrate,  dissolving  in  water  and 
crystalhsing  out. 

An  important  source  of  natural  borax  is 
found  near  the  Clear  Lake  in  California,  in  a 
body  of  water  now  called  the  Borax  Lake.  This 
is  situated  in  a  region  of  hot  springs  and  volcanic 
action,  about  65  miles  north-west  of  Suisan  Bay 
and  about  36  miles  from  the  Pacific  coast,  and 
was  first  described  by  Veatch  in  1856.  The 
water  contains  2,401-56  grains  of  solid  matter 
per  gallon,  of  which  535  consist  of  crystallised 
borax  (G.  B.  Moore).  The  bed  of  the  lake  con- 
sists of  borax  crystals,  which  are  obtained  by 
sinking  caissons,  pumping  out  the  water  and 
digging  up  the  deposit. 

The  greater  part  of  the  borax  of  commerce  is 
prepared  from  the  boric  acid  of  Tuscany.  From 
110  to  120  parts  of  crystallised  sodium  carbonate 
are  dissolved  in  a  lead-lined  covered  vessel  heated 
with  steam,  and  100  parts  of  boric  acid  are  added 
in  small  charges,  any  ammonium  carbonate 
which  is  evolved  being  led  into  sulphuric  acid. 
The  solution  of  borax  thus  obtained  deposits 
either  j)rismatic  or  octahedral  crystals  according 
to  its  strength  and  temperature. 

1.  Prismatic  or  ordinary  borax 

Na^B^O,-!-  10H,O  or  2(NaHB,0J  +  9H,0 

is  formed  when  the  solution  obtained  as  above 
described  has  a  specific  gravity  (after  all  the 
carbonic  acid  has  escaped)  of  1-14  to  1'15,  and 
boils  at  104°C.  It  is  left  to  crystallise  for  two  or 
three  days,  the  crystallisation  being  completed 
when  the  temperature  has  reached  25°-30'^C. 
The  crystals  are  freed  from  the  mother  liquor, 
treated  with  sodium  carbonate  to  remove  any 
earths,  and  the  solution  evaporated  to  the  same 
consistency  and  crystallised  in  the  same  manner 
as  before. 

An  impure  borax  which  is  used  in  glass- 
making  is  obtained  from  the  mother  liquor. 

The  crystals  should  be  sponged  to  remove 
completely  all  the  mother  liquor  and  dried  out 
of  contact  with  cold  air,  which  causes  cracks  to 
form  in  the  crystals.  Crystals  containing  such 
cracks  when  heated  split  in  their  plane  of  cleav- 
age, and  are  inconvenient  for  use  in  soldering  as 
they  are  liable  to  fly  to  pieces.  This  incon- 
venience may  be  partially  remedied  by  recrys- 
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tallisation  from  a  concentrated  solution,  or  better 
by  the  addition  of  a  small  quantity  of  tincal 
before  recrystallisation. 

Prismatic  borax  forms  large  transparent 
monoclinic  prisms  with  truncated  lateral  edges. 
They  effloresce  when  exposed  to  the  air  (accord- 
ing to  Sims,  only  when  they  contain  sodiam 
carbonate),  they  give  out  light  when  rubbec'  iu 
the  dark,  possess  a  sweet  somewhat  cooling  alKa- 
line  taste,  and  a  specific  gravity  of  1-75  {1-C9 
according  to  Filhol,  A.  Ch.  [3]  21,  415).  For 
their  optical  properties  v.  Senaruiont  (A.  Ch. 
[3]  41,  33G)  and  Tscherniak  (Sitz.  W.  57  [2]  641). 
When  heated  they  melt  in  their  water  of  crys- 
tallisation, swelling  up  and  solidifying  to  a 
spongy  mass  called  burnt  or  calcined  borax 
{borax  nsta),  and  fuse  at  a  red  heat  to  a  colour- 
less anhydrous  glass  (vitrified  borax)  with  a 
specific  gravity  2-3G,  which  gradually  absorbs 
water  from  the  air  and  becomes  prismatic 
borax. 

2.  A  borax  with  6  mols.  water  NaJB^O,  +  6BL,0 
was  found  by  Bechi  (J.  1854,  867)  in  an  old 
lagoon  crater.  It  has  not  yet  been  obtained 
artificially. 

3.  Octahedral  borax  Na.J3,0,  +  5H.,0  or 
2(NaHB.,0,) +4H,0.  The  solution  obtained  as 
above  by  Payen  and  Cavtier's  method  is  con- 
centrated to  a  specific  gravity  of  1246,  and 
allowed  to  cool  slowly  in  a  warm  place.  The 
crystallisation  commences  at  79°C.,  and  is 
stopped  at  56°C.,  when  prismatic  borax  begins 
to  crystallise  out.  The  mother  liquor  is  quickly 
siphoned  off,  and  the  crystals  are  removed  and 
dried  in  the  air. 

The  crystals  are  regular,  transparent  octa- 
hedra,  harder  than  the  ordinary  borax.  They 
have  a  conchoidal  fracture  and  a  sp.gr.  =  1'8. 
They  do  not  change  in  dry  air,  but  absorb 
moisture  very  readily  and  become  prismatic. 
They  fuse  more  readily  than  the  prismatic 
crystals,  and  with  less  intumescence,  and  with- 
out splitting.  Octahedral  borax  is  tlierefore 
better  adapted  for  soldering  and  as  a  flux  than 
common  borax,  and  the  smaller  quantity  of  water 
(a  difference  of  17  p.c.)  diminishes  the  cost  of 
transport.  The  prismatic  variety  is,  however, 
generally  preferred,  probably  because  it  is  cheaper 
weight  for  weight. 

Gernez  (C.  E.  78,  C8)  has  investigated  the 
causes  determining  the  formation  of  the  pris- 
matic and  octahedral  varieties,  and  states  that 
the  latter  may  be  prepared  from  supersaturated 
solutions  completely  protected  from  dust,  and  by 
the  evaporation  of  borax  solutions  in  a  vacuum 
at  a  temperature  of  10°-12°C. 

Amorphous  borax  NaJB^O, -f  4H^0  or 
NaHBoO,  +  Aq  was  obtained  by  evaporating  a 
solution  of  borax  and  drying  for  some  time  at 
lOO'C.  (Schweizcr,  J.  1850,  257). 

Artificial  borax  usually  contains  some  impu- 
rities, e.g.  sodium  carbonate,  small  quantities  of 
sulphates  and  chlorides,  and  of  calcium  and 
ma;,'ncsium  salts.  It  is  sometimes  adulterated 
witli  alum  and  common  salt. 

It  should  dissolve  in  two  parts  of  hot  water 
and  should  not  effervesce  with  acids.  The 
aqueous  solution  should  not  be  rendered  turbid 
when  treated  with  an  alkali,  or  with  barium 
chloride  or  silver  nitrate  in  the  presence  of 
nitxic  acid. 


Borax  dissolves  readily  in  water,  but  is  in- 
soluble in  alcohol.  According  to  Poggiale,  100 
parts  of  water  dissolve  — 

2-8  parts  at  0°C. 
7-9    „     „  20°C. 
17-9  „  40^C. 

40-4    ,.     „  60°C. 
76-2    „     „    80  C. 
119-7    „     „  90°C. 
201-4    ..     „  lOOX. 
The  aqueous  solution  has  a  slightly  alkaline 
reaction,  and  changes  the  colour  of  an  alcoholic 
solution  of  turmeric  to  brown  ;  a  small  quantity  of 
sulphuric  acid  restores  the  original  yellow  colour, 
but  a  larger  quantity  sets  boric  acid  free,  which 
reproduces  the  characteristic  brown  colouration. 
I      Borax  is  easily  decomposed  by  acids.  A 
large  quantity  of  water  decomposes  it  slightly, 
so  that  a  very  dilute  solution  of  borax  acts  like 
a  mixture  of  the  neutral  borate  and  boric  acid. 
Hydrochloric  acid  leaves,  on  evaporation,  sodium 
chloride  and  free  boric  acid.    Carbonic  acid  is 
absorbed  by  a  solution  of  borax  from  the  air,  and 
no  borax  is  precipitated  on  the  addition  of 
alcohol.    Saturated  with  sulphuretUd  hydrogen 
and  mixed  with  alcohol,  the  liquid  separates  on 
the  addition  of  ether  into  two  layers,  the  lower 
containing  sodium  sulphide,  the  upper  free  boric 
acid. 

It  forms  double  salts  with  arsenious  acid  of  the 
empirical  formula,  SNap.GB.Oj.SAs-Pj  +  lOAq. 
Schweizer  (J.  1850,  257).  With  sodium  jluoride 
it  forms  sodium  fluoborate.  When  1  pt.  tartaric 
acid  is  mixed  with  2  jsts.  of  a  hot  solution  of 
borax,  boric  acid  separates  out  on  cooling.  If 
the  tartaric  acid  be  increased,  the  separation 
of  boric  acid  likewise  increases  up  to  a  certain 
point,  after  which  it  diminishes,  and  ultimately 

;  is  no  longer  separated.  Acid  tartrate  of  potas- 
sium forms  a  double  salt  with  borax.  Silicic 
acid  is  insoluble,  or  nearly  so,  in  solutions  of 

]  borax. 

Benzoic,  tartaric,  atid  gallic  acids  dissolve 
more  readily  in  borax  than  in  water.  Many 
fatty  acids  and  resins  dissolve  as  readily  in 
borax  as  in  alkaline  leys,  the  borax  behaving 
like  a  mixture  of  boric  acid  and  free  soda. 

At  a  red  heat,  however,  the  boric  acid  in 
borax  readily  dissolves  and  unites  with  metallic 
oxides,  forming  a  fusible  glass  of  a  double  salt, 
which  property  renders  it  of  great  use  iu  solder- 
ing and  in  metallurgical  operations  and  in  blow- 
pipe analysis,  the  glasses  thus  formed  often  ex- 
hibiting characteristic  colours.  It  is  used  also 
in  the  preparation  of  easily  fusible  glass  fluxes 
I  for  enamels  and  glazes. 

An  enamelled  coating  for  cast-iron  is  made 
by  fusing  on  the  metal  a  mixture  of  quartz, 
felspar,  clay,  and  borax,  and  then  covering  it 
with  a  glaze  containing  borax. 

A  mixture  of  1  part  clay,  1  part  felspar,  and 
2  parts  borax  is  used  instead  of  lead-glaze  for 
glazing  for  stoneware. 

Ebelmen  (J.  C.  1851,  12)  prepared  corundum 
by  fusing  alumina  and  borax  in  a  porcelain 
furnace.  By  fusing  borax  with  titanic  acid  G. 
Rose  obtained  rutile,  and  with  silicic  acid  he 
formed  tridijmitc.  G.  Rose  (B.  A.  B.  18G7,  130, 
450 ;  J.  pr.  ioi,  228,  and  108,  208). 

When  mixed  with  shellac  in  the  proportion 
of  1  to  5,  borax  renders  the  shellac  soluble  in 
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water,  and  forms  witli  it  a  kind  of  varnisli.  It 
is  also  used  in  medicine  both  externally  and  inter- 
nally, and  tartarised  borax  enters  into  the  com- 
position of  some  pharmaceutical  preparations. 

Borocitrates  are  valuable  as  remedies  in  cases 
of  kidney  disease  and  urinary  calculi.  Their 
solvent  power  for  urates  and  phosphates  is 
greater  than  that  of  lithium  benzoate.  The 
diborocitrates  being  best  adapted  for  the  pur- 
pose. The  following  are  known  : 
Magnesium triborocitrate  (C^H,0,).,Mg3(B,H,0,)., 
dibovocitrate  (C.HjO,)  JIg,{B.,H.,0,)." 
moiioborocitrate  (C,H-,6,),Mg('BH0j 
Lithium,  potassium,  sodium,  and  ammonium 
mono-,  di-,  and  triborocitrates  of  similar  con- 
stitution have  been  prepared.  Iron  salts  have 
also  been  obtained  containing  respectively  8  and 
16  p.c.  of  iron  by  acting  on  sodium  di-  and 
monoborocitrate  with  ferric  hydrate  (Scheibe, 
Ph.  [3]  11,  389). 

The  magnesium  compounds  possess  strong 
antisefitic  properties  according  to  Schwarz 
(Sitzungsber.  der  Dorpater  Naturforscher  Ge- 
sellsch.  1879,  204). 

Borax  as  a  preservative.  Endemann  (C.  N. 
41,  152)  finds  that  boric  acid  acts  as  a  preserva- 
tive to  fresh  meat  only ;  that  pireviously  salted 
could  not  be  preserved  by  means  of  it.  He 
attributes  the  antiseptic  action  to  the  presence 
of  acid  phosphates  which  are  removed  in  the 
salting. 

E.  le  Cyon  states  that  meat  preserved  by 
borax  is  not  diminished  in  nourishing  properties, 
and  that  it  is  more  readily  assimilated  (B.  C. 
1879,  869),  whereas  Le  Bon  (ibid.)  asserts  that 
meat  so  preserved  is  useless  as  food.  J.  Forster 
concludes  that  the  use  of  boric  acid  in  p)re- 
serving  food  is  of  questionable  value,  as  it  in- 
creases the  secretion  of  bile  and  the  excretion 
of  albuminous  matters  (B.  16,  1,754).  Gruber 
(B.  C.  1880,  509)  likewise  states  that  the  decom- 
position of  albumen  in  animals  is  increased  by 
borax.  Vigier,  on  the  contrary,  concludes  from 
a  series  of  experiments  on  dogs  and  men  that 
borax  has  no  injurious  effects,  even  in  large 
doses.  It  appears  to  be  slowly  eliminated  in  the 
urine  (Vigier,  J.  Ph.  [5]  7,  301). 

Detection  and  determination  of  boron.  Boron 
almost  always  occurs  in  the  form  of  boric  acid. 
When  the  acid  is  in  the  free  state  it  can  readily 
be  recognised  by  the  green  colour  which  it 
gives  to  the  flame, and  by  its  action  uponturmeric. 

The  green  colour  imparted  to  flame  is  a  very 
delicate  test  for  boron  (according  to  Merz,  J.  pr. 
Ch.  80,  487,  1  part  in  1,400  may  be  detected  by 
flame).  It  is,  however,  to  be  borne  in  mind  that 
the  salts  of  copper  likewise  colour  tiame  green, 
as  well  as  certain  compounds  of  chlorine.  When 
the  boric  acid  is  combined  with  a  base  the  com- 
pound in  the  state  of  p)owder  is  decomposed  by 
means  of  sulphuric  acid,  and  the  boric  acid 
extracted  by  alcohol.  Compounds  not  decom- 
posed by  sulphuric  acid  are  fused  with  potash 
and  digested  with  alcohol  and  sulphuric  acid. 

The  presence  of  boron  in  minerals  may 
be  detected  by  mixing  the  mineral  in  powder 
with  a  flux  containing  1  p)art  fluorspar  to  4^ 
parts  hydrogen  potassium  sulphate,  made  into  a 
paste  with  water,  and  heating  the  mixture  in 
the  inner  blowpipe  flame,  when  boron  chloride  is 
given  off  which  tinges  the  tiame  green ;  or  by 


mixing  the  suspected  substance  with  fluorspar 
and  sand,  moistening  with  concentrated  sulphuric 
acid  and  passing  the  escaping  gas  through  a  tube 
drawn  to  a  fine  point  into  the  non-luminous 
Bunsen  flame  which  it  colours  green  (Kammerer, 
Fi:  1873,  376). 

The  spectrum  of  boron  shows  three  bright 
lines  in  the  green  and  one  in  the  blue  (Simmler, 
P.  A.  155,  250).  Hartley  finds  in  the  spectra  of 
boric  acid  and  borax  the  lines  A3450.3,  A2497, 
and  A2496.3  which  he  considers  characteristic  of 
boron  (Pr.  35,  301).  For  the  measurement  of 
the  intensity  of  these  bands  v.  Lecoq  de  Bois- 
baudran  (0.  E.  76,  883). 

The  quantitative  estimation  of  boron  is 
difllcult,  as  all  borates  are  soluble  to  some 
extent  in  water  and  alcohol,  and  boric  acid  can- 
not be  heated  without  loss  in  contact  with  water. 

One  of  the  best  methods  of  direct  determina- 
tion is  to  pirecipitatethe  boron  as  potassium  boro- 
fluoride,  which  is  quite  insoluble  in  alcohol 
(Berzelius,  Lchrbuch,  3  ed.  10,  84;  Stromeyer, 
A.  100,  82). 

In  this  method  the  solution  must  contain  no 
other  metal  than  potassium  ;  all  other  bases 
must  be  removed  and  replaced  by  potash. 
Borates  of  the  alkaline-earths,  earth-metals,  or 
heavy  metals  are  fused  with  potassium  carbonate 
and  the  mass  digested  with  water ;  sodium 
borate  is  treated  with  alcohol  and  sulphuric 
acid,  filtered,  potash  added  to  the  solution,  and 
the  alcohol  evaporated. 

The  potassium  borate  thus  obtained  is  satu- 
rated with  hydrofluosilicic  acid  and  evaporated 
to  dryness,  the  potassium  fluoride  removed 
from  the  residue  by  washing  with  potassium 
acetate  and  alcohol,  and  the  potassium  boro- 
fluoride  dried  at  100°  and  weighed.  100  parts  of 
the  borofluoride  correspond  to  9'00  boron  or27'78 
boric  anhydride  (Stromeyer,  I.e.). 

Another  method  consists  in  adding  to  the 
aqueous  or  alcoholic  solution  a  weighed  quantity 
of  sodium  carbonate,  evaporating  to  dryness  and 
igniting  the  residue  in  a  covered  crucible.  The 
residue  contains  sodium  carbonate  and  borate. 
As  the  quantity  of  sodium  is  known,  the  esti- 
mation of  the  carbonic  acid  is  sufficient  to  de- 
termine the  quantity  of  boric  anhydride  present 
(Eose,  P.  A.  80,  202  ;  J.  1850,  588). 

Boron  may  be  estimated  indirectly  by  digest- 
ing a  weighed  quantity  of  the  finely  divided 
comp)ound  in  a  platinum  vessel  with  hydrofluoric 
acid,  and  then  with  concentrated  sulphuric  acid. 
On  warming  gently  the  boron  present  is  expelled 
as  fluoride,  and  after  driving  off  the  excess  of 
sulphuric  acid,  the  quantity  of  bases  in  the  resi- 
due is  determined.  Their  weight, deducted  from 
the  weight  of  the  original  substance,  gives  the 
quantity  of  boric  anhydride. 

Or,  by  treating  the  pulverised  borate  with 
strong  oil  of  vitriol  and  alcohol,  the  boron  may 
be  driven  off  as  ethyl  borate. 

When  combined  with  potash  or  soda,  boric 
acid  may  be  determined  by  evaporating  the 
solution  of  the  previously  weighed  salt  with 
hydrochloric  acid,  and  determining  the  chlorine 
in  the  dry  residue  (Schweizer.  M.  N.  G.  Z. 
1850,  1 ;  Ph.  C.  1850,  372 ;  J.  1850,  590). 

Or  volumetrically  by  means  of  a  standard 
solution  of  sulphuric  acid.  The  solution  is 
coloured  with  litmus,  and  the  sulphuric  acid 
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added  cautiously  from  a  burette  till  the  wine-  ' 
red  colour  first  produced  changes  to  bright  red.  | 
Separation  of  boron  from  other  elements. 

Boric  acid  can  be  separated  from  most  bases  by 
boiling  or  fusing  tlie  substance  with  potash  or 
potassium  carbonate.  Those  bases  which  are 
precipitated  by  sulphuretted  hydrogen  or  ammo- 
nium sulphide  are  separated  by  these  reagents, 
and  the  boric  acid  determined  in  the  filtrate 
(Marignac,  Fr.  1,  405). 

Sulphuric  acid  is  readily  separated  from  boric 
acid  by  means  of  barium  chloride  ;  hj'drochloric, 
bromic,  and  iodic  acids  by  silver  nitrate ;  and 
phosphoric  acid  by  ammonia  and  magnesium 
sulphate.  lnthepresenceof  /Y((orme  the  estima- 
tion of  boron  is  more  diflicult.  Borofluorides 
are  heated  with  sulphuric  acid  and  the  residue 
of  metallic  sulphate  is  weighed ;  the  boron  and 
fluorine  are  together  driven  off  as  boron  fluoride 
and  hydrofluoric  acid.  Or  the  fluorine  may  be 
converted  into  calcium  fluoride  by  means  of  cal- 
cium acetate  (Stromeyer,  A.  100, 82  ;  J.  1856,  722). 

To  determine  the  quantity  of  water  of  crystal- 
lisation in  these  compounds,  they  are  mixed 
with  6  parts  lead  oxide,  covered  with  a  layer  of 
lead  oxide,  and  heated.  The  loss  of  weight  gives 
the  water. 

There  are  no  exact  methods  for  the  estima- 
tion of  boron  in  the  presence  of  silicates. 

If  the  sihcate  is  decomposable  by  acids  it  is 
pulverised  and  heated  with  hydrochloric  acid, 
diluted  with  water  and  filtered,  the  filtrate 
treated  with  ammonia  and  oxalic  acid  to  re- 
move alumina  and  lime,  and  evaporated  on  the 
water-balh.  The  residue  is  ignited  in  a  covered 
crucible,  and  boric  anhydride  is  left  mixed  with 
silica.  The  boric  anhydride  is  dissolved  out  by 
water  and  the  residual  silica  weighed. 

In  silicates  undecomposed  by  acids,  the 
mineral  is  treated  first  with  hydrofluoric  and 
then  with  sulphuric  acid,  whereby  both  boron 
and  silicon  escape,  and  the  bases  combine  with 
sulphuric  acid  and  are  determined  as  sulphates. 

in  a  second  portion  of  the  mineral  the  silica 
is  determined  by  fusion  with  a  mixture  of 
sodium  and  potassium  carbonates.  The  boric 
anhydride  is  determined  by  difference  after  the 
estimation  of  the  bases  and  of  silica  (Kose, 
A.  C,  2,  734). 

Boron  may  also  be  estimated  in  silicoborates 
by  fusing  with  ])otassium  carbonate,  dissolving  in 
water,  and  precipitating  the  bulk  of  silica  from 
the  solution  by  means  of  ammonium  chloride ; 
the  remainder,  after  the  removal  of  ammonium 
carbonate,  is  precipitated  by  zinc  oxide  dis- 
solved in  ammonia.  Bodewig  proposes  to  omit 
the  precipitation  with  zinc  oxide  and  to  estimate 
tlie  small  quantity  of  silica  still  remaining  in 
the  borate  precipitate  obtained  subsequently 
(Fr.  1884,  143). 

The  estimation  of  water  in  boric  acid  is 
made  according  to  Stolba's  process  by  igniting 
with  4  parts  of  borax.  Gilbert  (D.  P.  J.  259,  383) 
finds  this  method  inapplicable  in  the  presence 
of  sulphuric  acid,  and  proposes  moistening  1-5 
grams  quid. lime  with  10  c.c.  water,  mixing  it 
with  2  grams  boric  acid,  evaporating  to  dryness, 
igniting  and  weighing.  The  loss  of  weight  gives 
the  water. 

A  solution  of  borax  produces  no  chanc;p  of 
colour  in  solutions  of  heliauthin,  tropiioliu,  and 


methyl  orange,  but  a  drop  of  hydrochloric  acid 
immediate! j  changes  the  yellow  colour  into  red. 
Borax  may  thus  be  titrated  by  the  stronger  acids 
(A.  Joly,  C.  R.  100,  103). 

Guyard  proposes  the  use  of  boric  acid  as  a 
standard  acid  solution  in  alkalimetry,  ha>niatin 
being  used  as  the  indicator  (Guyard,  Bl.  [2]  40, 
422). 

For  the  estimation  of  boric  acid  in  mineral 
waters,  v.  Fresenius  (Fr.  25,  202). 

To  detect  boric  acid  in  milk,  baryta  is  added 
to  100  c.c.  of  milk  till  alkaline.  After  incinera- 
tion, the  ash  is  dissolved  in  a  little  strong  hydro- 
chloric acid,  evaporated  to  dryness,  and  a  solu- 
tion of  turmeric  with  a  drop  of  dilute  hydro- 
chloric acid  added,  and  the  solution  evaporated 
on  a  water-bath.  O'OOl  per  cent,  boric  acid  gives 
a  distinct  colour  to  turmeric  in  this  manner 
(S.  C.  I.  1887,  563). 

BOEO-NATRO-CALCITE.  Hyd  roboraciU, 
Haycsin,  or  tisa,  a  native  borate  of  lime  and 
soda,  known  in  commerce  as  '  borate  of  lime.' 

BOSCH.  An  inferior  butter  formerly  pre- 
pared in  Holland.  The  term  is  now  synonymous 
with  margarene,  q.v. 

BGSJEUANITE.  A  manganese  alom  found 
near  the  Bosjeman  river,  S.  Africa,  and  at 
Alum  Point,  Salt  Lake,  Utah. 

BOSTONITE.  Canadian  asbestos  (v.  Asbes- 
tos) . 

BOSWELLIA    THTIRIFEKA,    or  GTJGAL. 

The  gum  of  this  plant  (Order  Burscracece)  is 
used  as  an  incense.  It  is  often  confounded 
with  bdellium  and  olibanum  (Dymock,  Ph.  [3] 
7,  190). 

BOTALLACKITE.  An  oxychloride  of  copper, 
found  at  Botullack  Mine,  in  St.  Just,  Cornwall. 

BOTANY  BAY  RESIN  c.  Balsams. 

BOTRYOLITE  v  Calch-m. 

BOTTLE-NOSE  OIL.  An  oil  obtained  from 
the  bottle-nosed  whale,  closely  resembles  sperm 
oil ;  its  sp.gr.  varies  from  0'876  to  0-880  (Allen, 
S.  C.  I.  2,  53). 

BOTRYOGEN  or  RED  VITRIOL.  A  native 
ferroso-ferric  sulphate  from  Fahlun,  Sweden,  of 
sp.gr.  2  039.  It  is  of  a  dark  hyacinth  red  to 
ochre-yellow  colour. 

BOUILLON  NOIR.  Ferric  acetate  (v.  Acetic 
acid). 

BOULANGERITE.  A  tribasic  sulphantimo- 
nite  of  lead  found  at  Moli^res,  France,  in  Lap- 
land and  other  localities  (i).  Antimony). 

BOU-NEFA.  The  root  bark  of  Tlwjisia  gar- 
(laiiica,  an  umbelliferous  plant  growing  in  the 
South  of  Europe  and  Algeria.  It  contains  a 
resin  used  as  a  medicine  in  France. 

BOTJRBOULITE.  A  native  ferroso-ferric  sul- 
phate found  at  Bourboule,  Puv-de-D6me. 

BOURNEENE  or  VALERENE.  A  liquid 
hydrocarbon  isomeric  with  oil  of  turpentine, 
secreted  by  the  Driiobalanops  Camphora,  and 
holding  in  solution  borneol  or  Borneo  camphor. 
According  to  Wallach  (A.  230,  225  ;  0.  J.  [2]  50, 
70)  it  is  a  mixture  of  the  decomposition  products 
of  camphene. 

BOURNONITE.  A  sulphide  of  antimony, 
lead,  and  cojiper,  found  in  Cornwall,  Devonshire, 
and  in  many  of  the  mining  districts  of  Europe. 
It  contains,  according  to  Bammelsberg  : 

I'b.         Cii.        As.  Ft 

19-77     24-34     42-88     1306     —  — 
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Wait  (C.  N.  28,  271) : 

S.  Sli.  I'b.  Ca.  As.  Fe. 

19-359    23-577    41-949    13-2G8    0-4(;0  0-679 
BOVEY  COAL  v.  Fuel. 

BEACKEBUSCHITE.  A  mineral  described 
byEammelsbcrg  containing 25-32  V.,0„  0-18  P.,0-,, 
61-00  PbO,  1-29  ZuO,  4-77  MnO,  4"-(;5  FeO,  0"-42 
CuO,  and  2-03  0H„  (J.  M.  1881,  2  E.  330  ;  C.  J.  42, 
150). 

BRAGA  BEER.  A  beer  made  from  hops 
and  malt  in  Russia.  For  details  see  Cech., 
D.  P.  .J.  240,  235  a.  C.  J.  40,  857. 

BRAM'S  POWDER.  An  explosive  consisting 
of  60  parts  of  a  mixture  of  potassium  chlorate, 
potassium  nitrate,  wood  charcoal,  and  oak  saw- 
dust saturated  with  40  parts  of  trinitroglycerine 
(W.  J.  22,  476). 

BRAN.  {Son,  Ft.  ;  Kleie,  Ger.)  The  husky 
portion  of  ground  wheat  separated  by  the  boulter 
from  the  liour.  It  is  advantageously  used  by 
calico-printers  in  the  clearing  process,  in  which, 
by  boiling  in  bran-water,  the  colouring  matters 
adhering  to  the  non-mordanted  parts  of  mad- 
dered  goods,  as  well  as  the  dun  matters  which 
cloud  the  mordanted  portions,  are  removed. 
From  experiments  made  by  Koeehlin-Schouch 
it  seems  that  two  bushels  of  coarse  wheat  bran 
boiled  with  twelve  hectolitres  of  water  sufficed 
to  clear  ten  pieces  of  calico  in  from  fifteen  to 
thirty  minutes.  Rye  bran  is  not  so  good,  and 
barley  bran  is  useless  for  this  purpose. 

Bran  has  little  nutritive  power,  but  it  contains 
a  ferment,  cerealin,  which  possesses  the  power 
of  quickly  converting  starch  into  dextrine  and 
sugar.  Mouries  found  that  130  parts  of  wheaten 
bi-ead  containing  bran  easily  diffused  through 
520  parts  of  water  when  triturated  therewith  and 
yielded  59-35  parts  of  soluble  bran  and  69-75 
parts  of  insoluble  matter,  whereas  the  same 
quantity  of  bread  not  containing  bran  yielded 
only  9-03  soluble  to  120-25  insoluble  matter. 

From  experiments  made  in  Germany  it 
appears  that  bran  mixed  with  meadow  hay 
diminishes  the  digestibility  of  the  protein  con- 
tained in  the  latter  (B.  C.  12,  459  ;  S.  C.  I.  3, 186). 

BRANDY  is  a  spirituous  liquor,  the  product 
of  the  distillation  of  wine,  possessing  a  peculiar 
aroma  due  to  minute  traces  of  ether  and  certain 
volatile  oils.  The  greater  quantity  of  brandy 
is  manufactured  in  the  departments  of  Charente, 
Charente  Inferieure,  Landes,  Gers,  and  Lot  et 
Garonne,  of  which  districts  Charente  and 
Charente  Inferieure  produce  the  highest  class, 
known  as  Cognac.  But  little  brandy  is  distilled 
in  Cognac  itself,  the  greater  part  being  produced 
on  the  brandy  farms  in  the  district.  The  brandy 
grape  is  a  small  white  berry,  and  yields  a  very 
acid  juice.  As  received  from  the  farmers,  the 
distilled  spirit  is  about  twenty  over-proof ;  it  is 
diluted  and  mixed  in  vats,  coloured  with  caramel, 
filtered  through  i^aper  pulp  into  storage  vats, 
in  which  it  is  matured.  It  is  also  obtained,  but 
of  greatly  inferior  quality,  from  Portugal,  Spain, 
and  Italy.  Each  locality  furnishes  a  spirit  of 
characteristic  gozlt,  which  is  readily  recognised 
by  the  connoisseur,  the  variation  arising  from 
the  difference  of  the  soils  as  well  as  from  the 
materials  used.  Thus  it  is  said  that  the  brandy 
of  the  Moselle  wine  has  a  slaty  taste,  that  of  St, 
Pierre  in  Vivarais  the  aroma  of  the  violet,  and  that 
of  Holstein  a  flavour  resembling  the  oil  of  amber. 


The  quantity  of  wine  used  in  the  process  of 
manufacture  is  very  great,  the  amount  of  brandy 
produced  from  a  given  measure  being  only  10  to 
15  p.c.  The  grapes  of  the  South  excel  those  of 
the  North  in  the  production  of  alcohol  in  the 
ratio,  as  between  the  extreme  limits  of  locality, 
of  nearly  two  to  one.  The  best  brandy  is  pre- 
pared from  white  wines.  If  stored  in  oak  casks 
it  acquires  a  slightly  yellow  colour,  and  is  known 
as  '  pale  '  brandy  ;  '  brown  '  brandy  deriving  its 
deeper  colour  from  the  use  of  caramel  or  burnt 
sugar.  It  is  sold  of  various  strengths,  usually 
about  10  j).c.  under-proof,  and  rarely  exceeds 
proof  strength,  as,  on  account  of  its  flavour 
depending  on  the  volatile  oils,  it  is  but  slightly 
rectified.  Its  constituents  are  alcohol  and  water 
with  small  quantities  of  acetic  acid,  acetic  ether, 
ttnanthic  ether,  volatile  oil,  colouring  matter,  and 
tannin  absorbed  from  the  cask.  The  alcohol 
amounts  to  from  45  to  55  p.c. 

Morin  distilled  92  litres  of  pure  Cognac,  pre- 
pared in  1883  from  Charente  Inferieure  wine  in 
Claudon  and  Morin's  apparatus.  The  first  por- 
tion of  the  distillate  contained  the  more  volatile 
bodies,  the  second  consisted  of  tolerably  pure 
ethyl  alcohol,  the  third,  the  higher  boiling 
alcohols,  &c.  The  residue,  chietJy  water,  was 
tested  for  free  acids,  isobutylglycol  and  glycerol. 

The  first  three  portions  were  then  fractionated, 
5  litres  of  light  alcohol,  55  litres  of  pure  ethyl 
alcohol,  and  3-5  litres  of  higher  boiling  com- 
pounds being  obtained.  The  latter  fraction  smelt 
strongly  of  fusel  oil,  and  pos;cssed  a  burning 
taste.  The  water  remaining  behind  was  added 
to  that  already  obtained.  The  fractions  were 
then  redistilled  in  Le  Bel  and  Henninger's  appa- 
ratus. The  fusel  oil  portion,  which  after  dehy- 
dration by  potassium  carbonate  weighed  352 
grams,  gave  : 

Grams 


Water  .... 

.  7 

Ethyl  alcohol 

.  130 

Norm,  propyl  alcohol 

.  25 

Isobutyl  alcohol 

.  6 

Amyl  alcohol. 

.  175 

Furfurol 

2 

Wine  oils 

'.       .  7 

The  water  contained  a  little  acetic  and  butyric 

acids  and  a  small  quantity  of  a  viscous  liquid, 
which  distilled  undeconiposed  under  diminished 
pressure,  and  appeared  to  consist  of  isobutyl 
alcohol  and  glycerol.  The  residue  contained 
tannin,  together  with  substances  extracted  from 
the  wood. 

In  the  following  table :  1  shows  the  com- 
pounds contained  in  100  litres  of  the  Cognac ; 
2  shows  the  same  obtained  by  the  fermentation 
of  100  kilos,  of  sugar : — 

1  2 

rirauis  Grams 

Aldehyde        .  .   Trace  Trace 

Ethyl  alcohol  .  .  r,0,.S:i7-0  50,615-0 

Norm,  propyl  ale  ah  ol       27-17  2-0 

Isobutyl  alcohol       .        6-52  1-5 

Amyl  alcohol   .       .    190-21  51-0 

Furfurol  bases  .       .       2-19  0-0 

Wine  oil  .       .       .       7-61  2-0 

Acetic  acid       .       .  Trace  ,, 

Butyric  acid    .       .  Trace  ,, 
Isobutyl  glycol .       .  2-19 

Glycerol  .       ,      ,       4'38  „ 
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Butyl  alcohol  was  absent ;  furfurol  was  de- 
tected directly  by  the  addition  of  aniline  to  the 
Cognac,  a  red  colouration  being  produced  in  the 
presence  of  acetic  acid  (E.  C.  Morin,  C.  R.  105, 
1,019  ;  S.  C.  I.  7,  224). 

By  the  Sale  of  Food  and  Drugs  Amendment 
Act  of  1877  it  is  ordered  that  brandy  must  not 
be  sold  weaker  than  25  p.c.  under-proof;  in 
France  the  usual  retail  strength  is  18  p.c.  to 
20  p.c.  under-proof,  the  spirit  at  that  strength 
being  known  as  cau-de-vie  dpreiive  de Hollandc. 
The  addition  of  water  to  brandy  destroys  the  fine 
aroma  for  which  it  is  prized. 

The  imports  of  brandy  into  the  United 
Kingdom  were :  — 

Gallons  Value 

1882  .      .      .  2,100,809  £973,408 

1883  .       .  2,210,987  1,014,583 

1884  .       .       .  2,382,897  1,066,430 

1885  .       .       .  2,780,122  1,243,916 

1886  .       .       .  3,139,022  1,424,942 

1887  .    -  .       .  2,830,916  1,317,976 

1888  .  .  .  2,647,065  1,219,155 
British  brandy  is  a  liquor  devised  by  the  dis- 
tiller in  imitation  of  the  foreign  spirit,  and  many 
formulic  exist  for  its  manufacture.  The  follow- 
ing is  TJre's  receijat :  '  Dilute  the  pure  alcohol  to 
the  proof  pitch  and  add  to  every  hundred  pounds 
weight  of  it  from  half  a  pound  to  a  pound  of 
argol — crude  tartar — dissolved  in  water,  some 
bruised  French  plums  and  a  quart  of  good  Cognac. 
Distil  this  mixture  over  a  gentle  fire  in  an  alembic 
provided  with  an  agitator.  The  addition  of  brandy 
and  argol  introduces  cenanthic  ether,  and,  if  a 
little  acetic  ether  be  added  to  the  distillate,  the 
whole  imparts  the  peculiar  taste  of  genuine  Cog- 
nac brandy.  Colour  with  burnt  sugar,  if  neces- 
sary, and  add  a  little  tannic  acid  to  impart  as- 
triugency.' 

Cider  brandy  is  manufactured  in  the  United 
States  and  Canada  from  Cider  and  perry. 

Dantzic  brandy  is  made  from  rye  ground  with 
the  root  of  Calamus  aromaticus. 

Guernsey  brandy  is  the  spirit  of  beet  root 
flavoured  to  resemble  true  brandy. 

BRASS  V.  Zinc. 

BEASSIL.    A  local  name  for  iron  pyrites. 

BEAUNITE.  Native  sesquioxide  of  manga- 
nese, V.  JIanganese. 

BRAZILETTO.  An  inferior  kind  of  Brazil 
wood  obtained  from  Casalpinia  hrasilicnsis, 
growing  in  the  West  Indies. 

BRAZIL  NUTS  are  the  fruit  of  Berthollctia 
excelsa  (Order  Myrtaccce) ;  they  yield  an  oil  con- 
taining 74  p.c.  of  elai'din  and  26  p.c.  stearine. 
The  inner  bark  of  the  tree  is  also  an  article  of 
commerce,  being  used  for  caulking  ships  and 
barges.  According  to  Corcuwiuder,  the  kernels 
in  a  fresh  condition  contain  S'OO  p.c.  water, 
65-60  oil,  15'31  nitrogenous  matters,  7'39  non- 
nitrogenous,  and  3-70  ash  (Ph.  [4]  18,  14  ;  v. 
also  Caldwell,  A.  98,  120). 

BRAZILWOOD.  This  dyewood  may  be  taken 
as  the  tyjiical  representative  of  the  class  known 
as  the  '  soluble  redwoods.'  The  principal  mem- 
bers of  this  class  are :  Pcrnamhuco-wood,  which  ' 
consists  of  the  heart  wood  of  Casaljnnia  crista, 
and  is  imported  from  Jamaica  and  Brazil ; 
Sapan-wood,  obtained  from  C.  sappan,  which  is 
imported  from  Ceylon,  Siam,  Japan,  and  other 
Eastern  countries;  Pcachwood,  the  product  of 


C.  echinata,  from  Central  America  and  the 
northern  parts  of  South  America;  Limawood, 
a  variety  of  sapan  or  peachwood,  imported  from 
Peru. 

All  these  dyewoods  contain  the  same  or  a 
very  similar  colouring  principle;  the  colours 
they  produce  with  the  different  mordants  and 
their  general  chemical  characters  are  also 
similar. 

The  logs  as  imported  are  rasped  to  a  coarse 
powder  which  is  then  moistened  with  water  and 
left  in  large  heaps  to  ferment  for  several  weeks. 
This  operation  is  performed  in  order  to  increase 
the  colouring  power  of  the  wood,  and  it  is  con- 
sidered by  some  that  the  fresh  wood  contains  a 
glucoside  which  under  the  influence  of  fermen- 
tation is  split  up  into  useful  colouring  matt«r 
and  glucose.  Practical  men  assert  that  this 
'  ageing '  process  is  necessary  to  cause  the  dye- 
wood  to  give  the  best  results,  but  the  subject 
requires  further  study  to  decide  whether  this  is 
really  the  case  or  not,  and,  if  it  is,  to  ascertain 
the  real  cause  of  the  improvement.  Excessive 
and  too  prolonged  fermentation  must  at  all  times 
be  avoided,  otherwise  the  colouring  matter  is 
destroyed. 

The  commercial  preparations  of  Brazilwood 
known  as  Brazil-extract  and  Brazil-liquor  are 
prepared  by  boiling  the  ground  fresh  wood  with 
water,  and  evaporating  the  decoction  thus 
obtained  to  various  degrees  of  consistency, 
without  access  of  air,  or  as  rapidly  and  at  as 
low  a  temperature  as  possible,  e.g.  in  vacuum 
pans. 

The  colouring  principle  present  in  the  fresh 
wood  is  called  brazUin.  It  crystallises  from 
alcohol  in  the  form  of  dark-yellow  rhombohedra 
CijHuOj-fH.O,  and  from  water  in  the  form  of 
needles  2C,^H,,0i-f  3H.0.  In  cold  water  it 
dissolves  slowly,  but  very  readily  in  hot  water, 
alcohol,  and  ether.  In  caustic  alkalis  it  dissolves 
with  a  deep  crimson  colour  which  is  destroyed 
on  the  addition  of  zinc  powder.  By  the  action 
of  nitric  acid  it  yields  tri-nitro-rcsorcinol,  and 
submitted  to  dry  distillation  it  gives  resorcinol 
itself.  Treated  with  hydriodic  acid  and  phos- 
phorus it  yields  an  amorphous  product,  braziiwl 
C^^l^^O^,  which  on  distillation  with  zinc  powder 
yields  a  hydi-ocarbon  Ci^H,,  or  C,jH,5.  Fused 
with  caustic  potash  it  yields  resorcinol,  acetic 
and  formic  acids. 

Brazilin  is  evidently  of  a  phenolic  character 
and  acts  the  part  of  a  weak  acid,  giving  soluble 
red-coloured  salts  with  alkalis  and  variously 
coloured  insoluble  compounds  with  the  earths 
and  metallic  oxides.  For  this  reason  it  is  useful 
as  a  dyestufl. 

Impure  brazilin  is  occasionally  found  as  a 
brownish-red  crystalline  crust  in  casks  of  Brazil- 
extract  which  have  been  left  standing  for  a  long 
time.  By  washing  with  dilute  hyilrochloric  acid 
to  remove  lime,  decolourising  with  sulphurous 
acid,  and  crystallising  from  alcohol  and  water, 
pure  brazilin  is  reatUly  obtained.  By  a  more 
tedious  method  it  may  also  be  prepared  from  the 
wood  or  the  extract. 

The  true  colouring  matter  of  Brazilwood  of 
immediate  use  to  the  dyer  is  brasilc'in  C|„H|._.Oi, 
produced  by  the  oxidation  of  brazilin  in  alkaline 
solution.  Judging  from  its  chemical  behaviour 
it  probably  belongs  to  the  phthalein  group  of 
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colouring  matters.  It  may  be  prepared  as,  a  brown 
amorphous  powder  by  drawing  air  through  an 
ammoniacal  solution  of  brazilin  for  a  few  hours 
and  then  precipitating  with  acetic  acid.  Crys- 
tallised from  dilute  acetic?  ■^oid  it  has  the  ap- 
pearance of  a  dark-brown,  almost  black,  crys- 
talline powder  possessing  a  steel -grey  metallic 
lustre.  Under  the  microscope  the  crystals  appear 
as  minute  rhombs.  Bvazilein  is  very  difficultly 
soluble  in  water,  alcohol,  and  ether,  giving  a 
brownish-yellow  solution,  but  it  is  readily  soluble 
in  alkalis  with  a  carmine-red  colour.  When  dis- 
solved in  concentrated  sulphuric  acid  and  pre- 
cipitated with  water  it  yields  a  compound  of  the 
formula  O.jH.iOj.HSO,,.  Heated  to  100°C.  in 
sealed  tubes  with  hydrochloric  acid  it  gives  an 
analogous  body  C,sH|,0.,Cl. 

The  great  similarity  of  behaviour  shown  by 
brazilein  and  hiematein  (the  colouring  matter 
of  logwood)  shows  that  a  very  close  relationship 
exists  between  the  two. 

During  the  '  ageing  '  of  fresh  Brazilwood  the 
brazilin  becomes  largely  if  not  entirely  changed 
into  brazilein,  and  it  is  very  probable  that  the 
utility  of  the  operation  should  be  referred  to 
this  change  rather  than  to  those  above-men- 
tioned. 

Although  still  used  in  calico-printing  and  in 
wool-dyeing,  Brazilwood  and  its  allies  have  lost 
much  of  their  importance,  chiefly  because  of  the 
fugitive  character  of  the  colours  they  yield.  In 
calico-printing,  sapan  liquor  is  employed  for 
producing  steam-reds  and  pinks,  the  mordant 
used  being  aluminium  acetate  or  stannic  oxalate, 
separate  or  combined,  together  with  some  oxi- 
dising agent,  e.g.  potassium  chlorate  or  a  copper 
salt.  It  also  enters  into  the  composition 
of  steam  chocolates  and  other  steam  colours 
in  conjunction  with  other  dyewood  extracts. 
These  woods  have  also  been  much  used  in 
the  past  along  with  garancine  in  dyeing  the 
reds,  chocolates,  and  other  colours  of  cheap 
prints. 

In  wool-dyeing  these  woods  have  been  ap- 
plied for  the  purpose  of  dyeing  reds  and  various 
shades  of  claret  and  brown,  the  wool  being  pre- 
viously mordanted  with  alum  and  cream  of  tar- 
tar or  oxalic  acid,  or  with  potassium  bichromate, 
in  which  case  other  dyewoods,  e.g.  logwood 
and  old  fustic  are  applied  in  addition.  The 
colours  produced  by  this  method  are  now  seldom 
used. 

In  cotton-dyeing,  peachwood-red  was  for- 
merly obtained  by  first  preparing  the  cotton  with 
tannin  matter,  then  mordanting  with  a  stannic 
salt,  and  finally  dyeing  with  peachwood,  sapan- 
wood,  &c.  Browns  were  obtained  by  the  use  of 
logwood  in  addition,  with  or  without  a  final 
passage  through  a  ferric  salt  solution  (nitrate  of 
iron).  These  colours  are  now  replaced  by  others 
obtained  from  coal-tar. 

In  silk-dyeing  these  woods  have  also  been 
entirely  replaced  by  coal-tar  colours.  Formerly 
they  were  used  in  conjunction  with  aluminium 
and  tin  mordants  for  low-class  x^inks,  or  for 
purples  if  logwood  was  applied  at  the  same  time. 

References. — Bolley,  J.  pr.  153,  351 ;  Eeim, 
B.  4,  834  ;  E.  Kopp,  B.  6,  447  ;  Benedict,  A.  178, 
101 ;  Liebermann  and  Burg,  B.  9, 1885  ;  Hummel 
and  Perkin,  B.  15,  2337;  Chevreul,  A.  Ch.  [2]  82, 
p.  53-126 ;    Le9ons  Chim.  teint.  ii. ;  Journ. 


Chim.  Med.  6,  157;  Wiedemann,  B.  17,  194; 
Buchka  and  Erck,  B.  18,  1138;  Dralle,  B.  17, 
372  ;  HalberstadtandKeis,B.  14,  Gil ;  Schiitzen- 
berger  and  Paraf,  Bull.  Mulhouae,  31,  60  ;  A.  [1] 
6,  17  ;  12,  221  ;  20,  387  ;  66,  225  ;  A.  [2]  17, 323 ; 
19,  283;  D.  P.  J.  25,  80;  52,  146;  54,  373; 
93,  111,  116.  J.  J.  H. 

BEAZILIAN  ANIME  v.  Oleo-eesins. 

BEAZILIN  and  BRAZILEIN  v.  Brazil- 
wood. 

BREAD.  The  dough  or  paste  made  by  the 
mixture  of  the  flour  of  grain  with  water  and 
afterwards  baked,  forms  the  article  of  food 
which  we  know  by  this  name.  The  simplest 
and  most  primitive  method  of  bread-making  con- 
sisted merely  in  an  operation  conforming  strictly 
to  this  definition,  and  it  survives  still  in  the 
Passover-cakes  of  the  Jews  and. in  the  'damper' 
of  the  Australian  settler,  which  are  examples 
of  what  we  know  as  unleavened  or  unfermented 
bread.  It  is,  however,  the  almost  universal 
custom  to  introduce  into  the  kneaded  mass  of 
dough  an  amount  of  carbonic  acid  gas  suflicient 
to  give  a  spongy  texture  to  it,  either,  (1)  by  the 
fermentative  action  of  leaven  or  of  yeast,  or  (2) 
by  causing  an  acid  to  react  on  bicarbonate  of 
soda  mixed  with  the  flour,  or  (3)  by  directly 
injecting  the  gas.  The  mechanical  result  of 
this  operation  is  the  creation  of  innumerable 
vesicles  or  cells  within  the  dough  which  are 
subsequently  distended  by  heat,  the  whole  mass 
being  encased  in  the  baking  within  the  crust  of 
dextrin  formed  by  the  action  of  heat  upon  the 
starch.  The  result  of  this  action  is  the  forma- 
tion of  a  soft  spongy  crumb,  instead  of  a  heavy 
and  sodden  mass,  and  the  constituents  of  the 
flour  are  thereby  so  altered  both  chemically  and 
physically,  that  the  bread  may  not  only  be  more 
readily  broken  up  by  the  action  of  the  teeth  but 
also  more  easily  permeated  by  the  saliva  and 
gastric  juice,  and  thus  made  more  readily  digest- 
ible. Leavening  (Lat.  Zero,  to  raise),  has  been 
practised  from  time  immemorial  in  the  East ; 
from  the  Egyptians  it  passed  to  the  Greeks  and 
thence  to  the  Eomans,  whose  conquests  and 
colonies  extended  the  art.  It  consisted  in  the 
first  instance  probably  in  a  natural  fermentation 
of  the  dough  by  leaving  it  to  become  sour;  but  to 
hasten  the  process  it  became  usual  to  add  to 
new  dough  a  portion  of  old  fermented  paste  or 
'leaven.'  More  recently  'yeasts'  have  been 
substituted  for  the  piece  of  leaven  as  a  means  of 
propagating  the  fermenting  principle.  These 
are  of  various  substances  and  origin,  such  as 
^in  infusion  of  hops  and  malt,  brewers'  yeast, 
and  pressed  or  German  yeast.  It  is  this  last 
preparation  which  finds  most  favour  with 
the  modern  baker  because  its  greater  activity 
curtails  the  time  occupied  in  the  '  rising '  of 
the  dough.  It  is,  however,  his  practice  to  make 
a  ferment  of  xsotatoes,  technically  called  by  him 
'  fruit '  since  the  potato  being  rich  in  soluble 
starch  of  large  grain  sets  up  a  livelier  fermenta- 
tion. For  this  purpose  the  best  potatoes  available 
are  selected,  and  for  every  sack  of  280  lbs.  of  flour 
6  to  8  lbs.  are  employed.  After  having  been 
carefully  washed  and  boiled  they  are  '  mashed  ' 
into  a  paste  and  cold  water  added  until  the  heat 
of  the  mash  stands  at  about  85°  Fahr.  To  this 
is  added  a  quantity  of  flour  varying  according  to 
the  practice  of  the  baker  from  2  to  12  lbs.  and 
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scalded  in  boiling  water  together  with  a  quart  or 
rather  more  of  yeast.  This  mixture,  forming  a 
thin  paste,  is  now  left  to  ferment  vigorously 
for  about  five  hours  before  the  flour  in  bulk  is 
added. 

The  action  of  yeast  is  caused  by  minute 
organisms  {Saccharoj/iyces  cerevisue)  which  pro- 
pagate at  the  expense  of  the  substances  on 
which  they  feed.  It  is  quite  possible  to  have 
some  kind  of  leaven  introduced  into  dough  by 
simply  exposing  it  to  the  air  to  be  acted  upon 


by  whatever  chance  organisms  may  happen  to 
fall  upon  it.  These  organisms  in  leavening 
dough  all  convert  starch  into  carbonic  acid  and 
water  if  exposed  to  the  air,  and  so  act  upon 
saccharine  matter  as  to  convert  it  mainly  into 
alcohol  and  carbonic  acid  (v.  Fermentation). 
The  action  of  yeast  on  flour  and  the  process  of 
panification  generally  is  materially  affected  by 
the  nature  and  amount  of  the  various  con- 
stituents of  the  grain  of  cereals.  The  following 
table  gives  the 


Average  Composition  of  the  Flour  of  Cereals  {Laices  d  Gilbert). 


Oia  Wheat 

Barley 

Oats 

Bye 

Maize 

Rice 

Water  .... 

111 

120 

11-2 

14-3 

11-5 

10-8 

Starch  .... 

G2-3 

52-7 

oG-1 

54-9 

54-8 

78-8 

Fat       ...  . 

1-2 

21) 

40 

20 

4-7 

01 

Cellulose 

8-3 

11-5 

10 

C-4 

14-9 

0-2 

Gum  and  Sugar 

4-2 

5-7 

11-3 

2-9 

1-6 

Albuminoids  . 

10-9 

13-2 

lG-0 

8-8 

8-9 

7-2 

Ash  .... 

1-6 

2-8 

2-2 

1-8 

1-6 

0-9 

Loss  &c. 

0-8 

10 

0-2 

0-5 

0-7 

0-4 

1000 

1000 

100-0 

1000 

1000 

1000 

The  relative  proportion  of  the  proximate 
constituents  of  cereal  grains  varies  very  greatly 
with  the  variety  of  the  species,  the  nature  of  the 
soil,  and  the  conditions  of  growth  and  of  harvest- 
ing (v.  Cisr.EALs).  These  constituents  may  for 
dietetic  purposes  be  divided  into  three  main 
groups — (1)  The  carbohydrates,  i.e.  the  starches, 
sugars,  and  gums  ;  (2)  the  albuminoids  or  nitro- 
genous matters  ;  (3)  the  ash  or  mineral  matters. 
The  gluten  is  the  main  flesh-forming  constituent 
of  flour,  and  consists  chiefly  of  vegetable  fibrin 
in  union  with  a  nitrogenous  substance  called 
gliadin  which  gives  to  the  dough  its  charac- 
teristic adhesiveness  and  power  of  rising  into  a 
spongy  mass  when  penetrated  by  the  car- 
bonic acid.  Other  cereal  grains  contain  but 
little  gliadin  and  therefore  yield  doughs  which 
lack  the  peculiar  lightness  and  porosity  of  that 
made  from  wheateu  flour.  Hence  bread  is  most 
frequently  made  from  the  flour  of  wheat  and 
rye,  the  other  cereals  beiug  used  to  a  compara- 
tively small  extent  for  this  purpose.  The  cha- 
racter of  the  bread  depends  on  the  quality  and 
nature  of  the  flour,  and  the  manner  in  which  it 
is  leavened  or  fermented.  The  characteristic 
action  of  leaven  is  well  seen  in  the  manufacture 
of  the  Schivarzbrod  or  black  bread  of  Germany. 

The  fermenting  mass  when  added  to  freshly 
made  dough  converts  a  portion  of  the  starch 
into  maltose,  which  together  with  the  sugar 
present  in  the  flour  is  transformed  partly  into 
alcohol  and  carbonic  acid  and  partly  into  lactic, 
acetic,  and  butyric  acids  which  I'.ct  as  solvents 
for  certain  of  the  proteids  contained  in  the  flour. 
These  acids  also  appear  to  convert  the  gluten 
into  a  soluble  substance  which  rapidly  darkens 
on  exposure  to  the  air,  whereby  the  bread  acquires 
its  peculiar  colour. 

Old  leaven  runs  ultimately  into  the  acid 
fermentation  alone,  and  hence  the  colour  of  the 
bread  is  materially  nITocted  by  the  age  of  the 
leaven  fron\  which  it  is  made.  It  is,  however, 
possible  to  make  the  liuedt  wheateu  bread 


means  of  leaven,  and  such  bread  is  so  made  by 
the  Parisian  bakers.  Their  practice  in  the  pre- 
paration of  the  leaven  consists  in  a  series  of 
stages  {Icvaiii  do  chef,  levaiii  de  prcmii^re,  le- 
vain  de  scconde,  and  Icvain  de  tout  point),  by 
which,  starting  with  a  piece  of  dough  put  away 
from  a  previous  baking,  and  adding  at  intervals 
more  and  more  flour  and  water,  the  required 
quantity  is  leavened.  From  this  is  taken  a  half, 
which  when  baked  yields  a  dark  sour  bread  ;  the 
remainder  being  again  mixed  with  a  quantity  of 
flour,  produces  a  whiter  and  less  sour  dough,  a 
portion  of  which  is  baked  and  the  residue  once 
more  added  to  fresh  flour.  By  this  means  the 
last  mixing  produces  bread  which  in  point  of 
whiteness  leaves  nothing  to  be  desired.  The 
action  of  yeast  transforms  the  starch  in  part 
into  sugar  (or  more  properly  glucose),  alcohol, 
and  carbonic  acid  gas,  and  it  is  when  this  last 
has  sutficiently  permeated  the  mass  of  dough, 
made  tenacious  by  the  gliadin  of  the  gluten,  and 
detained  in  bubbles  or  cells,  that  the  loaf  is  put 
in  the  oven  where  the  fermentative  process  is 
arrested.  Here  a  still  further  expansion  of  the 
gas  is  caused  by  the  increased  heat,  until  the 
walls  of  the  cells  and  the  outside  crust  are  fixed 
by  the  hardening  effect  of  the  baking.  But 
besides  the  transformation  of  the  sugar  into 
carbonic  acid  an  action  is  set  up  in  the  nitrogen- 
ous substances  whereby  they  act  as  ferments  to 
the  starch,  converting  it  by  the  action  of  diastase 
into  dextrin  and  sugar,  and  sometimes  into 
lactic  acid.  This  may  be  carried  to  such  an 
excess  as  to  be  detrimental  to  the  bread,  and  is 
always  a  cause  of  a  dark,  heavy,  tenacious,  and 
more  or  less  saccharine  loaf.  Wheat  harvested 
in  bad  condition  or  exposed  during  harvesting 
to  much  wet  weather  yields  flour  predisposed 
to  the  diastasic  state  whereby  the  starch  cells 
burst  and  become  converted  iuto  dextrin  and 
maltose.  In  bread  of  the  best  description  it  will 
be  found  that  the  starch  has  experienced  very 
little  aileratiou. 
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The  brown  colour  of  bread  made  from  flour 
containing  bran  is  mainly  due  to  the  conversion 
of  the  starch  into  dextrin  and  sugar  by  the 
agency  of  the  albuminous  matter  of  bran,  the 
cerealin  of  M^;ge-Mouri^!S,  which  seems  to  be 
identical  with  diastase,  or  has  at  least  the  same 
activity  in  inducing  the  transformation.  But 
since  bran  contains  a  larger  proportion  of  potash 
and  phosphoric  acid  than  the  interior  of  the 
kernel  of  wheat,  a  public  demand  has  arisen  for 
bread  more  or  less  composed  of  the  outer  husk, 
and  various  expedients  are  resorted  to  by  thebaker 
to  comply  with  this  want,  such  as  hastening  the 
fermenting  process,  or  adding  the  bran  after  the 
flour  is  almost  comj)letely  fermented  and  thereby 
isolating  it  as  far  as  possible  from  the  oj)era- 
tion.  Another  device  is  the  use  of  hydrochloric 
acid  and  bicarbonate  of  soda  for  raising  the 
flour ;  another,  again,  is  the  employment  of 
Dr.  Dauglish's  plan  of  '  aeration.'  The  oppo- 
nents to  the  use  of  bran  allege  aj^hysical  dietetic 
objection  to  it,  inasmuch  as  the  husk  being  j)re- 
sented  in  a  hard,  fibrous  condition,  the  gastric 
juices  are  unable  to  cope  with  it,  and  an  irritant 
action  is  induced  which  is  injurious,  especially  to 
persons  of  weak  digestion.  A  patent  has  been 
granted  to  Mr.  E.  Smith  of  Stoke-on-Trent  for  a 
process  which  consists  in  the  removal  of  the 
germ  from  the  wheat,  the  destruction  of  its 
active  injurious  properties,  and  its  restoration  to 
the  flour.  After  the  grain  of  wheat  has  been 
broken  up  and  the  germ  thereby  exposed,  super- 
heated steam  is  allowed  to  come  in  contact  with 
it.  It  is  claimed  that  by  this  means  the  heated 
germ  has  lost  its  injurious  power  without  its 
nutritive  power  being  impaired,  and  that  on  its 
being  mingled  with  flour  it  imparts  to  the  bread  a 
pleasant,  malt-like,  nutty  flavour  and  aroma.  It 
has  long  been  known  to  bakers  that  the  injurious 
action  of  the  diastase  on  the  starch  during  panifi- 
cation  may  be  prevented  by  the  action  of  alum, 
lime,  zinc  sulphate,  copper  sulphate,  and  other 
substances.  Alum  is  mainly  used  in  this  country, 
whereas  zinc  and  copper  sulphates  are  employed 
in  France  and  Belgium.  There  is  no  doubt  that 
the  employment  of  these  substances  enables 
flours  of  inferior  quality  to  be  worked  up  into 
white,  elastic,  crumbly  bread  which  would  other- 
wise be  dark-coloured  and  sodden.  A  very  small 
quantity  of  alum  in  bread  has  probably  very 
little  if  any  injurious  action  on  the  digestive 
functions,  and  it  certainly  permits  of  many 
flours  being  used  for  bread-making  which  would 
otherwise  be  employed  only  for  the  manufacture 
of  dextrin.  Moreover,  alum  by  retarding  the 
transformation  of  starch  into  lactic  acid  jDre- 
vents  the  bread  from  turning  sour.  The  state- 
ment that  the  addition  of  alum  causes  bread  to 
retain  a  larger  quantity  of  water  than  it  other- 
wise would  do  has  been  disproved  by  Odling. 

The  use  of  lime  in  preventing  the  conversion 
of  starch  into  dextrin  and  lactic  acid  appears  to 
have  been  first  suggested  by  Liebig.  It  seems 
to  be  quite  as  efficacious  as  alum,  whilst  it  exer- 
cises a  less  retarding  influence  on  the  process  of 
fermentation,  and  is,  moreover,  free  from  any  in- 
jurious action  as  an  astringent.  Since  the  fer- 
mentative action  is  attended  with  the  loss  of  a 
certain  proportion  of  the  nutritive  alimentary 
matter  of  the  flour,  amounting  to  from  2  to  4 
p.c,  various  substitutes  for  yeast  have  been 


proposed  from  time  to  time,  as  for  example,  am- 
monium sesquicarbonate  or  an  admixture  of 
hydrochloric  or  tartaric  acids  with  sodium 
bicarbonate  or  chalk,  in  order  to  liberate  car- 
bonic acid  within  the  dough.  Horsford's  baking 
powder,  which  has  been  extensively  used,  consists 
of  acid  calcium  and  magnesium  phosi^hate  added 
to  a  mixture  of  sodium  bicarbonate  and  i)otas- 
sium  chloride,  the  two  preparations  being  worked 
separately  into  the  dough.  By  the  mutual 
action  of  these  salts,  common  salt,  neutral 
phosphates  of  the  alkalis  and  alkaline  earths, 
and  free  carbonic  acid  are  produced.  The  for- 
mation of  these  phosphates  has  been  generally 
considered  to  add  to  the  alimentary  value  of  the 
bread,  although  the  experiments  of  Voit  and 
Meyer  have  failed  to  substantiate  the  supposi- 
tion {v.  BAKrNG  POWDEES). 

The  injection  of  carbonic  acid  gas  into  the 
dough  by  mechanical  means  was  originated  by 
Dr.  Dauglish  in  1859,  the  produce  being  known 
as  '  aerated  bread.' 

The  following  description  of  the  method  of 
preparing  aerated  bread  is  taken  from  Watts's 
Dictionary  of  Chemistry,  1st  ed,  1,  660: — Car- 
bonic acid  gas  produced  from  chalk  either  by  the 
action  of  dilute  sulphuric  acid  or  by  ignition,  and 
stored  in  an  ordinary  gas-holder,  is  jjumped 
therefrom  into  a  cylindrical  vessel  containing 
water,  whereby  the  water  becomes  charged  with 
the  gas.  This  carbonic  acid  water  is  mixed 
under  pressure  with  the  flour,  and  the  resulting 
dough,  which  becomes  vesicular  on  the  removal 
of  the  pressure,  is  divided  into  loaves  and 
baked.  This  process,  which  was  invented  and 
patented  by  Dr.  Dauglish,  has  been  carried  out 
on  a  large  scale  in  London  and  other  places. 

The  following  is  a  description  of  the  ap- 
paratus :  A  is  the  mixer  or  vessel  in  which 
the  flour,  water,  and  salt  are  mixed  together. 
It  consists  of  a  very  strong  iron  spheroidal 
vessel  with  an  internal  capacity  of  17  to  20  cubic 
feet.  It  has  an  oijening  b  at  the  top,  to  which 
an  air-tight  cover  is  fitted,  and  the  means  of 
closing  it  to  resist  considerable  pressure.  There 
is  also  a  corresponding  opening  c  at  the  bottom, 
large  enough  for  a  man-hole,  and  also  closed  by 
a  lid,  to  which  is  attached  the  apparatus  for 
drawing  off  the  dough  through  suitable  mouth- 
pieces in  a  continuous  stream,  which  is  cut  into 
pieces  by  a  boy,  and  received  into  boxes  or 
baskets  to  be  conveyed  to  the  oven.  Through 
the  centre  of  the  mixer,  a  shaft  ijasses  furnished 
with  stuffing-boxes,  to  prevent  the  escape  of 
compressed  gas,  and  in  this  shaft  suitable  mixing 
arms  are  fixed.  By  means  of  the  necessary  gear- 
ing this  shaft  is  made  to  rotate  by  steam-power. 
D  is  a  copper  water- vessel  having  communica- 
tion with  the  mixer  from  the  bottom  by  means 
of  a  valve,  and  from  the  top  by  means  of  a  pipe 
passing  up  inside  the  water-vessel.  This  water- 
vessel  has  also  communication  with  a  pair  of 
condensing  pumps,  which  are  fixed  in  the  same 
frame  behind  the  mixer  and  -are  worked  by  a 
steam  engine.  The  communication  is  by  means 
of  the  'pi'pe  e,  which  terminates  within  the 
water-vessel  by  a  rose  perforated  with  minute 
holes. 

To  work  the  apparatus,  the  top  cover  b  of 
the  mixer  is  opened,  and  about  .500  lbs.  of  flour 
are  shot  into  it  by  means  of  a  hopper  and  shoot 
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connecting  with  the  lloor  above ;  water,  to  the 
amount  of  thirty  gallons  or  so,  is  drawn  into  the 
water-vessel  from  a  cistern  above,  and  tlie  wliole 
is  then  closed,  after  adding  to  the  Hour  the 
necessary  quantity  of  salt.  The  air  is  then  re- 
moved from  the  apparatus  by  a  suitable  pump, 
and  carbonic  acid  is  pumped  by  the  condensing 
pump  from  a  gas-holder  in  which  it  is  stored, 
until  it  is  condensed  to  about  seven  atmospheres. 
This  condensed  gas  being  dispersed  by  the  rose  at 
the  bottom  of  the  water-vessel,  passes  in  minute 
streams  through  the  water,  and  as  the  density 
within  increases,  the  water  absorbs  the  gas  in 


proportion,  that  which  is  not  absorbed  passing 
down  tlie  internal  pipe  from  the  top  of  the  water- 
vessel  into  the  mixer,  so  tliat  the  density  within 
that  vessel  is  kept  in  equilibrium  with  that  in 
the  water-vessel.  When  the  proper  density  is 
attained,  the  valve  at  the  bottom  of  the  water- 
vessel  is  opened,  when  the  water  falls  upon  the 
flour,  after  which  the  mixing  arms  are  set  to 
work,  and  in  about  six  minutes  the  dough  is 
thoroughly  forniod.  It  is  allowed  to  subside  for 
a  mmute  and  is  then  drawn  off  throu"li  the 
Ijottom  apparatus,  being  forced  througirit  by 
tlie  elastic  force  of  the  gas  within.  On  escaping 
from  the  condensed  atmosphere  in  the  mixer  I 
the  dough  immediately  assumes  the  vesicular  ' 
form  and  texture,  and  is  ready  to  be  baked.  I 


The  carbonic  acid  is  obtained  by  acting  on 
wliiting  or  ground  chalk  with  sulphuric  acid  ;  it 
comes  off  perfectly  pure,  and,  being  kept  over 
water,  is  thoroughly  washed.  It  takes  about  20 
cubic  feet  of  carbonic  acid  at  the  ordinary  pres. 
sure  to  prepare  dough  from  280  lbs.  of  flour,  about 
11  cubic  feet  being  incorporated  with  the  dough, 
the  remaining  9  cubic  feet  being  wasted  in  the 
operation  of  drawing  the  dough  off,  and  in  other 
ways :  7  lbs.  of  sulphuric  acid  of  sp.gr.  1-848 
give,  in  practical  working,  21  cubic  feet  of  car- 
bonic acid  from  10  lbs.  of  carbonate  of  lime. 
The  gas  which  is  left  in  the  apparatus  after  the 
dough  is  discharged  is  returned  to  the  gas- 
holder for  further  use. 

The  advantages  of  the  system  are  stated 
to  be : 

'  1.  It  does  away  entirely  with  fermentation 
and  with  all  those  chemical  changes  in  the 
constituents  of  the  flour  which  are  consequent 
upon  it. 

'  2.  It  avoids  the  loss  consequent  upon  the 
decomposition  of  starch  or  glucose  consumed  in 
the  process  of  fermentation,  estimated  at  about 
from  3  to  G  p.c. 

'  3.  It  reduces  the  time  requisite  to  prepare 
a  batch  of  dough  for  the  oven,  from  a  period  of 
from  eight  to  twelve  hours  to  less  than  thirty 
minutes. 

'4.  Its  results  are  absolutely  certain  and 
uniform. 

'  5.  It  does  away  with  the  necessity  for  the 
I  use  of  alum  with  poor  flour,  and  the  temptation 
j  which  bakers  are  under  to  use  it  with  all. 
I       '  G.  It  has  the  recommendation  of  absolute 
and  entire  cleanliness,  the  human  hand  not 
touching  the  dough  or  the  bread  from  the  begin- 
ning to  the  end. 

'  7.  The  journeymen  are  relieved  from  a 
circumstance  most  injurious  to  their  health  — 
that  of  inhaling  the  flour-dust  in  the  process  of 
kneading. 

'  S.  It  will  produce  a  healthier  condition  of 
the  baking  trade,  and  thereby  diminish  to  a 
great  extent  the  inducements  wliich  lead  to  the 
extensive  system  of  fraud  now  practised  upon  the 
public  by  the  production  of  adulterated  and  in- 
ferior bread. 

'  9.  It  will  effect  an  immense  saving  in  the 
material  from  another  source,  namely  the  sacri- 
fice of  at  least  10  p.c.  in  the  nutritive  portion  of 
the  grain,  hitherto  lost  as  human  food  by  the 
method  of  grinding  and  dressing  necessary  in 
the  preparation  of  flour  for  making  white  bread 
by  fermentation. 

'  10.  Together  with  the  preservation  of  this 
large  proportion  of  the  entire  quantity  of  wheat 
converted  into  flour,  there  is  also  the  important 
result  of  the  proportion  preserved  (the  cercalin) 
being  a  most  powerful  anient  in  promoting  the 
easy  and  healthy  digestion  of  food.' 

The  amount  of  bread  yielded  by  a  given 
weight  of  flour  depends  upon  the  nature  of  the 
flour  and  the  form  of  the  loaf.  The  smaller  the 
loaf,  or  in  other  words  the  greater  the  propor- 
tion of  crust  to  cruml),  the  greater  is  the  loss. 
According  to  Heeien  100  lbs.  of  wheaten  flour  as 
a  rule  yield  about  125  lbs.  of  while  lire.ad,  and 
100  lbs.  of  rye  flour  give  131  ll)s.  black  bread. 

The  proximate  composition  of  bread  dilTers 
in  many  respects  from  that  of  the  flour  from 
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which  it  is  made.  Much  of  the  starch  is  changed 
into  dextrin  and  sugar,  and  in  the  crust  is  con- 
verted into  empyreumatic  matter  [assamar). 
The  greater  part  of  the  carbonic  acid  and 
alcohol  formed  during  the  fermentation  is 
dissipated  during  the  baking,  although  fresh 
bread  still  retains  from  0-245  to  0-399  p.c.  of 
alcohol  (Bolas).  (Odliug  estimated  that  the 
amount  of  alcohol  thus  evolved  in  London  alone 


-was  in  1858  equal  to  300,000  gallons  of  spirits.) 
A  small  portion  of  the  sugar  is  converted  into 
lactic  acid  and  some  part  of  the  alcohol  into 
acetic  acid  -which  give  to  an  aqueous  infusion  of 
bread  an  acid  reaction.  The  proteids  and  soluble 
albuminoids  are  but  slightly  altered  beyond  being 
made  partially  insoluble  by  the  heat.  The  general 
composition  of  bread  is  very  variable,  as  is  shown 
by  the  following  results  of  analyses  by  Konig  :— 


Water 

Albuminoids 

Fat 

Sugar 

ISToii-nitrogenous 

Cellulose 

Asli 

Wheaten  bread. 

Minimum 

26-39 

4-81 

0-10 

0-82 

38-93 

0-33 

0-84 

Maximum 

47-90 

8-69 

1-00 

4-47 

62-98 

0-90 

1-40 

Mean  (best  qua! 

38-51 

6-82 

0-77 

2-37 

40-97 

0-38 

118 

„  (coarse 

.  ) 

41-02 

6-23 

0  22 

2-13 

48-69 

0-62 

1-09 

Eye  bread. 

Minimum 

35-49 

3-49 

0-10 

1-23 

32-82 

0-29 

0-S6 

Maximum 

4857 

9-22 

0-83 

4-55 

51-13 

0-39 

3-Os 

Mean  . 

44-02 

6-02 

0-48 

2-54 

45-33 

0-30 

1-31 

The  difference  between  fresh  and  stale  bread 
is  not  due,  as  generally  supposed,  to  loss  of 
moisture,  but,  appears  to  be  caused  by  the 
gradual  combination  of  the  water  with  the 
starch.  This  combination  is  readily  broken  up 
by  heat,  which  serves  to  explain  why  stale  bread 
acquires  the  appearance  and  properties  of  new 
bread  on  being  heated.  (Compare  Balland,  J.  Ph. 
1885,  5,  12  et  seq.)  For  a  description  of  bread- 
making  machinery  and  of  various  forms  of  ovens 
V.  Ure's  Dictionary ;  Ency.  Brit.  9th  ed.,  art. 
Baking  ;  Muspratt's  Chemistry. 

BREAN  r.  Olko-Resins. 

BREEZES.  (Braise,  Fr.)  The  dust  of  coke 
or  charcoal.  The  coke  burner  applies  this  term 
to  the  small  residual  coke  obtained  in  coke 
burning.  The  sifted  ashes  removed  from  houses 
is  called  '  breeze,'  and  sold  under  that  name  to 
brickmakers  and  others.  An  arrangement  for 
burning  breeze  is  described  in  S.  0.  I.  5,  425. 

BREIDIN  V.  Oleo-besins. 

BREIN  V.  Oleo-besins. 

BREMEN  BLUE   and  BREMEN  GREEN. 

Pigments  containing  a  basic  copper  carbonate 
with  alumina  and  calcium  carbonate. 

BREWING.  1.  Introduction.  Beer  (Fr.  biere  ; 
Ger.  bier)  may  be  defined  as  a  spirituous  liquor 
made  from  any  farinaceous  grain,  but  preferably 
from  barley,  which  is  first  caused  to  germinate, 
then  ground  and  mashed  with  hot  water  whereby 
its  fermentable  substance  is  extracted.  This  wort, 
as  it  is  then  termed,  is  next  boiled  up  with  hops, 
which  besides  imparting  an  agreeable  bitterness 
to  it,  precipitate  certain  albuminous  bodies.  The 
liquor  drained  off  from  the  hops  is  cooled  down, 
yeast  added  and  fermentation  set  up.  After  the 
liquor  has  ceased  fermenting  it  is  freed  from  tlie 
yeast,  run  off  into  casks  and  sent  away  for  con- 
sumption. It  may  be  of  different  degrees  of 
strength  and  colour  according  to  the  quantity  and 
nature  of  the  ingredients  employed  in  its  manu- 
facture ;  thus  we  may  have  mild  ale,  strong  ale, 
light  dinner  ale,  pale  ale,  bitter  beer,  porter,  and 
stout. 

2.  The  ingredients  used  in  the  manufacture 
of  English  beer  are  water,  barley  malt,  malt 


adjuncts  such  as  maize,  rice,  sugar,  glucose, 
saccharum,  &c.,  hops  and  yeast. 

3.  Water.  The  principal  seat  of  the  brewing 
trade  in  Great  Britain  is  Burton-on-Trent,  which 
owes  its  great  commercial  jirosperity  in  this 
branch  of  chemical  industry  to  a  certain  chemical 
property  possessed  by  the  waters  of  this  locality 
which  render  them  pre-eminently  suitable  for 
brewing  purposes.  This  property  is  nothing  more 
or  less  than  the  presence  of  calcium  sulphate  in 
large  quantities  in  these  waters,  derived  from 
the  deposits  of  gypsum  contained  in  the  Keuper 
marls  of  the  district. 

4.  The  waters  suppilying  the  Burton  breweries 
are  derived  from  two  sources:  1.  from  the 
valley  gravels  (shallow  wells),  and  2.  from  the 
red  marls  and  water  stones  of  the  new  red  sand- 
stone formation,  obtained  by  artesian  borings. 

The  following  analyses  of  these  waters  may 
be  regarded  as  typical.  No.  1  sample,  from  a 
well  sunk  to  the  depth  of  29  feet  in  the  valley 
gravels,  very  fairly  represents  the  composition  of 
the  mineral constitutents  of  the  older  and  shallow 
wells  of  the  district,  in  which  the  sulphates  of 
lime  and  magnesia  are  partially  replaced  by  car- 
bonate of  the  same  metals  due  to  the  percolation 
of  rain  water  charged  with  carbonic  acid  gas 

'  Table  I. 


In  grains  per  Imperial  gallon 

Shallow  well 

Deep  well 

Calcium  sulphate  .  . 

25-480 

70-994 

Magnesium  sulphate. 

Absent 

12-600 

Calcium  carbonate 

18-060 

9-040 

Magnesium  carbonate 

9-100 

5-880 

Potassium  sulphate  . 

2-275 

0-966 

Sodium  sulphate  .  . 

7-630 

13-300 

Sodium  chloride  .  . 

10-010 

9-120 

Ferric  oxide     .    .  . 

0-837 

1-130 

0-810 

1-120 

Total  mineral  matter 

74-232 

124-206 

852 
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through  the  gravel  bed.  No.  2.  from  an  artesian 
boring  sunk  through  the  gravel  and  into  the 
underlying  red  marl  to  a  total  depth  of  97  feet, 
may  be  taken  as  a  type  of  the  deep  wells  of  the 
district. 

It  will  be  seen  from  these  tables  that  the 
chief  characteristics  of  both  waters  are  the  large 
quantities  they  contain  of  certain  mineral  salts, 
but  especially  of  gypsum.  The  brewingexcellences 
of  the  Burton  water  are  supposed  to  arise  partly 
from  its  freedom  from  organic  matter,  but  mainly 
from  the  circumstance  that  the  mineral  constitu- 
ents are  of  such  a  nature  as  to  favour  the  extraction 
of  all  the  alcoholic  principle  of  the  malt  without 
at  the  same  time  taking  up  the  colouring  matter; 
hence  the  Burton  water  is  peculiarly  fitted  for 
brewing  those  various  qualities  of  pale  ale  for 
which  the  town  has  been  so  long  celebrated. 

5.  From  this  it  will  be  seen  that  no  matter 
how  pure  a  water  may  appear  to  be  by  chemical 
analysis,  it  by  no  means  follows  that  such  a  watec. 
would  be  the  most  suitable  for  brewing  purposes 
or  produce  the  best  beer.  Certainly  it  is  advisable 
that  a  brewing  water  should  contain  in  solution 
as  little  as  possible  of  those  matters  which  are 
derived  from  the  decomposition  of  organic  sub- 
stances and  especially  those  of  animal  origin, 
but  at  the  same  time  unless  it  holds  in  solution 
certain  mineral  salts  in  given  quantity  it  is 
comparatively  useless  for  brewing  purposes.  Of 
course,  the  presence  or  absence  of  such  salts 


will  entirely  depend  on  the  geological  natare  of 
the  various  strata  throughout  the  country  ;  thus, 
whilst  the  Burton  waters  are  highly  saline, 
the  waters  of  Thames  Valley  deep  wells  are 
strongly  alkaline,  whilst  in  Wales,  Cornwall,  and 
Cumberland  we  find  waters  containing  little  or 
almost  no  solid  matter  in  solution,  or  frequently 
highly  peaty  in  character  and  containing  as 
much  as  four  grains  per  gallon  of  organic 
matter,  but  entirely  of  vegetable  origin. 

6.  For  purposes  of  convenience  all  waters 
may  be  classified  as  follows  : 

I.  Alkaline,  from  the  chalk,  the  predomina- 
ting mineral  constituents  being  potassium  and 
sodium  carbonates. 

II.  Calcareous,  from  the  carboniferous  and 
liassic  limestones,  the  predominating  constituents 
being  calcium  and  magnesium  carbonates. 

III.  Saline  (a)  from  the  new  red  sandstone, 
the  predominating  constituents  being  calcium 
and  magnesium  sulphates. 

IV.  Saline  (6)  from  wells  near  the  coast,  the 
predominating  constituent  being  sodium  chloride. 

V.  Peaty,  containing  principally  vegetable 
organic  matter. 

VI.  Waters  from  the  primary  rocks,  contain- 
ing very  little  or  only  traces  of  mineral  matters 
in  solution. 

VII.  Waters  of  no  distinctive  character. 
The  following  analyses  may  be  given  as 

examples  of  these  various  types  of  water : — 


Table  II. 


1 

2 

3 

i 

e 

6 

7 

8 

9 

Alkaline 

Cal- 
careous 

S-ilino  (a) 

Saline  (6) 

Peaty 

Primarj 
rocks 

No 
distinctive 
character 

MUd 
ale 

Pale 
ale 

Calcium  sulphate 

OGO 

70-99 

6-39 

2-25 

0-22 

1-53 

25 

40 

Magnesium  sulphate 

12-60 

0-48 

2-77 

5 

8 

Calcium  carbonate  . 

3-25 

13-87 

9-Ot 

1-27 

15 

15 

Magnesium  carbonate 

1-47 

0-U 

5-88 

4-87 

0-87 

1-35 

Potassium  sulphate  .  . 

7-31 

-97 

5 

10 

Sodium  sulphate 

13-30 

Potassium  carbonate 

9-58 

Sodium  carbonate 

6-61 

Calcium  and  magnesium  nitrates 

•u; 

Potivssium  nitrate 

0-G8 

■27 

Magnesium  chloride . 

3 

fi 

Pot.assium  chloride  . 

0-79 

•48 

Sodium  chloride 

1C99 

1-73 

9-17 

69-67 

1-45 

1-53 

1-76 

20 

30 

Oxides  of  iron  and  alumina 

0-03 

0--15 

1-13 

0-35 

0-84 

•10 

0-38 

1-12 

0-28 

0-49 

0-10 

•33 

Total  mineral  matters     .  . 

43-G2 

17-18 

124-20 

72-04 

10-14 

2-15 

7-.';.-i 

7.  From  the  foregoing  it  will  be  seen  that 
for  the  brewing  of  ales  the  water  to  be  most 
preferred  is  undoubtedly  that  of  the  saline  tyjic, 
and  if  it  should  fall  to  the  brewer's  lot  not  to 
possess  such  a  water  supply  he  must  render  the 
one  he  has  available  by  the  addition  of  certain 
saline  ingredients  suitable  for  his  puqiose.  In 
order  to  do  this  a  complete  analysis  of  the 
juineral  constituents  of  the  water  must  first  be 
made,  and  then  sulphates  of  lime,  magnesia, 
and  potash,  and  sodium  chloride  added  in  such 
proportions  as  to  bring  the  mineral  constituents 
up  to  the  required  standard,  either  to  that  shown 
in  column  8  if  intended  for  mild  ales,  or  to  that 
of  column  0  if  intended  for  pale  ales. 

In  the  case  of  neutral  waters,  the  necessary 
mineral  salts  are  simply  added  to  the  water  in 
the  given  proportions,  but  if  the  water  be  alka- 


line, the  alkaline  carbonates  must  first  be 
destroyed  before  further  treatment.  An  essential 
condition  in  hardening  a  water  with  calcium  sul- 
phate is  that  thei^roccss  shall  be  regular,  and  the 
best  method  of  getting  the  gypsum  into  solution 
is  decidedly  by  passing  the  water  as  it  issues 
from  the  supply  tap  or  storage  cistern  through  a 
tank  filled  to  three-quarters  its  depth  with  gj-jjsum 
stones  about  the  size  of  a  hen's  egg.  The 
method  of  procedure  is  shown  below : 

A  is  a  wooden  round,  having  a  perforated  false 
bottom  B,  on  which  the  gyjjsuin  stones  rest; 
c,  water  inlet  from  main  or  cistern;  d,  in- 
dicating valve  ;  e,  waste-pipe  having  a  fall  of 
30  feet  for  washing  out ;  f,  wash-out  valve  ;  o, 
overflow  pipe  to  liquor  tank.  The  valve  i>  being 
opened  to  the  requisite  degree,  and  f  closed, 
the  water  enters  at  c,  percolates  through  tho 
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Fig.  1. 


gypsum  in  a,  and  flows  over  through  the  pipe  i; 
into  a  liquor  tank.  The  rate  of  flow  of  the  water 
■which  determines  the  amount  of  gypsum  to  be 
taken  up  is  regulated  by  the  valve  d.  The  size 
of  gypsum  tank  and  the 
"  ^  speed  at  which  the  water 
passes  through  will  de- 
termine the  quantity 
taken  up.  As  a  rule,  a 
tank  capable  of  holding 
about  a  ton  of  gypsum 
and  with  a  water  of  the 
composition  of  No.  2 
flowing  through  it  at  the 
rate  of  three  barrels  per 
minute,  takes  up  about 
twenty  grains  pier  gallon 
of  calcium  sulphate. 
Fresh  gypsum  must  be 
added  daily  so  as  to  keep 
the  depth  of  layer  of 
gypsum  as  regular  as 
possible.  To  prevent  an 
accumulation  of  slimy 
deposit  which  always 
takes  place  to  a  greater 
or  less  extent,  the  gyp- 
sum in  the  tank  should  be 
thoroughly  well  washed 
every  other  week  ;  this 
may  be  done  by  closing  d  and  opening  f,  then  turn- 
ing water  on  at  the  top  of  b,  this  passing  through 
such  a  length  of  pipe  as  e  causes  a  certain 
amount  of  suction  which  produces  the  desired 
cleansing  eii'ect.  Some  brewers  recommend  the 
addition  of  the  gypsum  in  a  state  of  fine  powder 
either  to  the  hot  liquor  tank  before,  during,  or 
after  the  heating  of  the  water  preparatory  to 
mashing,  others  sprinkle  it  over  the  grist  as  it 
runs  into  the  mash  tun,  whilst  others  again  add 
it  to  the  wort  as  it  is  boiling  up  in  the  copper.  None 
of  these  methods  can  be  recommended,  as  in  no 
one  case  will  the  icliole  of  the  gypsum  be  taken 
into  solution,  hence  the  brewing  liquor  will, 
according  to  varying  circumstances,  contain 
difl'erentquantitiesof  calcium  sulphate,  but  always 
less  than  is  really  required.  After  the  wliole  of 
the  water  required  for  mashing  and  sparging  has 
run  through  the  gy^jsum  tank  into  the  hot  liquor 
back,  then  the  other  salts  are  added.  This  may  be 
most  conveniently  accomplished  by  the  use  of 
kainite  and  common  salt  in  such  ijroportions  as 
chemical  analysis  may  point  out  to  be  necessary.' 
For  instance,  let  us  take  water  No.  4 ;  here  it  was 
found  that  by  passing  the  natural  water  through 
about  a  ton  of  gypsum  at  a  speed  of  three  barrels 
per  minute,  twenty  grains  per  gallon  of  calcium 
sulphate  were  taken  into  solution  ;  kainite  at 
the  rate  of  2  oz.  per  barrel  and  common  salt 
1  oz.  per  barrel  were  next  added;  the  mineral 
constituents  of  this  water  had  then  the  com- 
position shown  in  column  II. 

On  referring  to  our  table  of  typical  analyses 
it  will  be  seen  that  this  water  is  of  the  mild  ale 


'  Analysis  of  k.iiiiite  : 
Magnesium  sulphate 
Potassium  sulphate 
Magnesium  oliloiiile 
Sodium  cliloriile  . 
Water  . 


17-02 
21-79 
1  L'-:!.-> 

l.v7-t 


type.  To  render  it  suitable  for  brewing  ^lale 
ales,  the  water  must  be  run  at  less  speed  through 
the  gypsum  tank  so  as  to  increase  the  calcium 
sulphate,  and  further  quantities  of  kainite  and 
common  salt  must  be  added  as  shown  in  column 
III. 

Table  III. 


I. 

II. 

III. 

 ;  

Calcium  sulphate  .  . 

A.  AO 

U  by 

20-69 

00  u'J 

Magnesium  sulphate  . 

None 

4-41 

8.82 

Calcium  carbonate 

13-87 

13-87 

13-87 

Magnesium  carbonate 
Potassium  sulphate  . 

0-44 

0-44 

0-44 

None 

5-23 

10-46 

Magnesium  chloride  . 

None 

2-88 

5-76 

Sodium  chloride    .  . 

1-73 

18-35 

32-96 

Oxides  of  iron  and 

alumina  .... 

0-45 

0-45 

0-45 

None 

Total  solid  matters  . 

17-18 

66-32 

108-45 

Vol.  I.— T 


luo-oo 


In  the  case  of  alkaline  waters,  as  soon  as 
the  calcium  sulphate  enters  into  solution  a 
distinct  chemical  action  between  it  and  the 
alkaline  carbonates  takes  place,  calcium  carbo- 
nate being  formed,  and  sulphates  of  the  alkalis. 
It  is  generally  assumed  that  this  reaction  takes 
X)lace  according  to  the  equation 

CaSO^  +  Na,C03=CaC03  -I-  Na,SOj, 

but  this  has  been  proved  not  to  be  the  case. 
From  numerous  experiments  made  to  determine 
this  point,  the  following  conclusions  were 
arrived  at : 

a.  If  the  quantity  of  calcium  sulphate  added 
be  less  than  the  quantities  of  alkaline  carbonates 
present,  then  all  the  calcium  sulphate  is  at  once 
converted  into  calcium  carbonate,  and  an  equi- 
valent quantity  of  alkaline  carbonates  is  con- 
verted into  alkaline  sulphates. 

b.  If  the  quantity  of  calcium  sulphate  added 
be  equivalent  to  the  quantity  of  alkaline  car- 
bonates iDresent,  then  only  about  three-fourths 
of  the  calcium  sulphate  is  converted  into  cal- 
cium carbonate,  and  an  equivalent  quantity, 
that  is  to  say,  three-fourths  of  the  alkaline 
carbonates  present,  are  converted  into  alkaline 
sulphates.  As  we  increase  the  calcium  sulphate, 
the  alkaline  carbonates  decrease,  until  when 
we  add  double  the  equivalent  of  calcium  sul- 
phate nearly  the  whole  of  the  alkaline  carbonates 
are  converted  into  alkaline  sulphates. 

c.  The  last  portions  of  the  alkaline  carbo- 
nates seem  to  be  very  x^ersistent,  for  not  until  we 
increase  the  quantity  of  calcium  sulphate  to 
nearly  three  times  the  quantity  of  allcaliue  car- 
bonates originally  present  do  we  find  that  the 
last  traces  of  these  substances  finally  disappear. 
These  are  the  results  of  numerous  experiments 
carried  out  by  the  author  both  in  the  laboratory 
and  on  the  large  scale  in  breweries  where  the 
deep  well  water  supply  was  highly  alkaline  in 
character,  and  it  was  found  that  the  results 
obtained  on  the  large  scale  fully  confirmed  those 
arrived  at  in  the  laboratory. 

The  following  analyses  of  an  alkaline  water 
before  and  after  treatment  with  gypsum  will 
make  this  more  clear  : 

A  A 
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Table  IV. 


Analysis  of  an  allcalinc  water  before  and  after  Ireatvicnt. 


1 

Before 

s 

After  gypsam 

3 

After  grpsom 

4 

After  grypsam  and 

Calcium  sulphate  .... 

absent 

27-92 

35-62 

44-95 

Magnesium  sulphate 

absent 

absent 

ab.sent 

14-39=11-39 

(MgCy 

Calcinm  carbonate 

3'25 

13-44 

10-42 

16-42 

Magnesium  carbonate  . 

1-47 

1-47 

1-47 

1-47 

Potassium  suIiAato 

7-31 

14-21 

19-39 

9-39 

Sodium  sulphate  .... 

absent 

b-86 

8-86 

absent 

Potassium  carbonate 

!)-58 

4-11 

absent 

absent 

Sodium  carbonate  .... 

6'Gl 

absent 

absent 

absent 

Potassium  chloride 

absent 

absent 

absent 

8-56 

Sodium  chloride  .... 

14-99 

14-99 

14-99 

22-29 

Oxides  of  iron  and  akuninium 

003 

0-03 

0-03 

0-03 

Silica  

0-38 

0-38 

0-38 

0-38 

Total  mineral  matter 

43-62 

85-41 

9716 

117-88 

Column  1  shows  the  composition  of  the 
mineral  constituents  of  the  natural  water. 

Column  2,  the  same  water  after  41-79  grains 
per  gallon  of  gj-psum  had  been  added,  but  the 
water  was  found  to  be  still  alkaline,  and  not 
until  53-54  giains  of  gypsum  were  added  did 
the  alkalinity  disappear. 

Column  4  gives  the  composition  of  the 
mineral  constituents  after  the  addition  of  a 
further  quantity  of  gypsum,  and  11-39  grains  of 
magnesium  chloride  to  decompose  the  excess  of 
alkaline  sulphates. 

The  ales  brewed  with  this  water  after  the 
above  treatment  were  found  to  give  every  satis- 
faction, and  to  compare  very  favourably  with 
the  best  Burton  pale  ales. 

It  will  be  noted  that  the  alkaline  sulphates 
originally  present  in  the  water  are  considerably 
increased  by  such  treatment,  and,  as  a  large  ex- 
cess of  these  substances  exercises  a  decidedly 
injurious  effect  both  in  mash  tun  and  copper,  it  ; 
is  advisable  to  get  rid  of  this  excess  by  adding  , 
sufficient  quantity  of  calcium  chloride  or  magne- 
sium chloride  to  the  water,  whereby  a  portion  of 
the  alkaline  sulphates  is  converted  into  alkaline 
chlorides,  tlie  calcium  or  magnesium  chlorides 
being  at  the  same  time  changed  into  sulphates. 
We  thus  get  a  water  highly  saline  in  character 
and  possessing  all  the  properties  of  a  typical 
Burton  water  suitable  in  every  way  for  pale  ale 
brewing. 

Having  once  ascertained  the  exact  quantity 
of  gypsum  required  to  be  added  to  the  water 
either  for  tlie  purpose  of  increasing  the  per- 
manent hardness  or  for  the  destruction  of  the 
alkaline  carbonates,  it  is  very  easy  for  the  i 
brewer  to  keep  a  check  upon  his  gviisuniiiig  jiro- 
cess  as  follows.  In  the  case  of  non-alkaline 
natural  waters,  the  total  hardness  of  the  water 
is  determined,  and  the  same  after  the  water  has 
been  hardened.  The  first  subtracted  from  the  1 
latter  gives  the  hardness  expressed  as  degrees  of 
calcium  carbonate  (1°  being  equal  to  1  grain  of 
calcium  carbonate  per  gallon)  due  to  the  gypsum 
dissolved  up;  this  multiplied  by  the  factor  1-36 
will  give  the  grains  per  gallon  of  calcium  sul- 


phate taken  up  during  the  process  of  gypsuming. 
This  method  answers  admirably  for  all  practical 
purposes,  the  error  as  compared  with  direct 
analysis  not  varying  more  than  about  ^  grain 
per  gaUon.    For  example  : 

Non-alkaline  water  (v.  Analysis  No.  4). 

Total  hardness  before  g^•pEuming  .       .  12-6 
after      "     „  .       .    27  44 

27-44  - 12-6  =  14-84  which  mul- 

tipUed  by  1-36  =  20-99 
CaSOj  found  by  direct  analysis  21-23 

DitTf.     -21  of  a  grain 

In  the  case  of  alkaline  waters  tlie  total  hard- 
ness of  the  natural  water  is  determined  as  be- 
fore ;  then  haxdng  found  by  trial  the  quantity  of 
CaSO^  necessary  for  the  destruction  of  the  alka- 
line carbonates  and  for  the  permanent  hardness, 
the  water  is  run  through  the  gypsum  tank  at 
such  a  speed  as  to  take  up  this  quantity  of 
CaSO,.  As  soon  as  the  requisite  amount  has  run 
through  the  total  hardness  of  the  treated  water 
is  determined.  The  amount  of  calcium  sul- 
phate in  tlie  water  is  next  ascertained  by  chemi- 
cal analysis,  and  the  figures  thus  obtained  taken 
as  standards  of  comparison  for  all  subsequent 
determinations.  Thus  an  alkaline  water  contain- 
ing 16-19  grains  per  gallon  of  alkaline  carbo- 
nates, after  hardening  was  found  to  have  taken 
up  55-42  grains  per  gallon  of  calcium  sulphate. 
Of  this  17-92  grains  were  required  to  convert  the 
alkaline  carbonates  into  sulphates,  leaving  37-5 
grains  of  available  CaSO,. 

The  total  hardness  of  this  water  was  43-75. 
Hence  43-75°  of  hardness  correspond  to  37-5 
grains  CaSO^.  Another  determination  of  total 
hardness  of  this  water  after  gypsuming  was 
made  some  weeks  later;  this  was  found  to  be 
45-5.  Therefore 

45  5  X  37  5_g^  grains  of  available  CaSO.. 
43-  /  a 

This  does  not  give  such  accurate  results  as  in 
the  case  of  neutral  waters,  but  is  quite  near 
enough  for  all  practical  purposes. 
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8.  Having  glanced  briefly  at  the  composition 
of  various  types  of  water  and  the  advantages 
or  disadvantages  they  possess  from  the  point  of 
view  of  the  brewer,  we  now  proceed  to  consider 
the  relative  effects  produced  on  the  malt  wort  by 
the  several  mineral  constituents  usually  found  to 
occur  in  water. 

As  has  been  seen  from  the  tables  of  analysis 
on  page  362,  the  quantity  and  character  of  the 
various  mineral  substances  found  in  natural 
waters  vary  considerably,  and  depend  on  the 
nature  of  the  rocks  through  which  the  water 
percolates.  An  interesting  series  of  analyses  of 
water  from  the  different  geological  formations  of 
England  has  been  made  by  Dr.  E.  Frankland, 
and  published  by  him  in  his  work  on  Water 
Analysis,  and  to  which  the  reader  is  referred. 

The  most  frequently  occurring  substance  in 
solution  in  natural  waters  is  calcium  carbonate 
associated  to  a  greater  or  less  extent  with  mag- 
nesium carbonate.  These  carbonates  are  held  in 
solution  by  the  carbonic  acid  which  is  always 
present  in  natural  waters ;  they  probably  exist 
in  solution  as  bicarbonates.  On  boiling,  this  ex- 
cess of  carbonic  acid  is  driven  oif,  and  the  cal- 
cium and  magnesium  carbonates  are  precipitated. 
There  is  no  doubt  that  these  carbonates  play  a 
very  important  part  in  the  brewing  economy. 
Although  a  large  portion  of  these  salts  is 
thrown  out  of  solution  during  the  heating  of 
the  water  preparatory  to  mashing,  yet  the 
greater  part  of  the  precipitated  carbonates  re- 
maining in  suspension  finds  its  way  into  the 
mash  tun,  and  there  combines  with  certain 
organic  acids,  principally  lactic  acid,  always  pre- 
sent in  malt,  forming  soluble  salts.  This  neu- 
tralisation of  at  least  a  portion  of  these  organic 
acids  must  exert  an  important  influence  on  the 
various  processes  which  take  place  subsequently. 

The  amount  of  calcium  and  magnesium  car- 
bonates varies  considerably,  but  12  to  15  grains 
per  gallon  may  be  taken  as  a  fair  average.  It 
is  usual  in  those  breweries  where  the  waters 
contain  very  little  or  none  of  these  salts  to 
sprinkle  calcium  carbonate  or  chalk  through  the 
grist  as  it  goes  into  the  mash  tun  at  the  rate 
of  4  ounces  per  quarter  of  malt  (about  10  grains 
per  gallon  of  water). 

Calcium  sulphate  occurs  less  frequently  than 
the  carbonate,  but,  with  the  exception  of  sodium 
chloride,  exercises  a  more  important  influence 
on  the  mashing  and  boiling  processes  than  any 
of  the  other  salts  present  in  natural  waters. 

A  very  interesting  article  on  this  subject  by 
Southby  appeared  in  the  Country  Brewer's 
Gazette  for  1S79,  in  which  he  proves  very  con- 
clusively that,  contrary  to  the  opinion  prevalent 
among  brewers,  calcium  and  magnesium  sul- 
phates, even  when  present  in  the  brewing  water  in 
very  large  proportions,  have  no  appreciable  effect 
on  the  solubility  of  the  nitrogenous  matters  of 
malt ;  their  ijrincipal  effect  in  the  earliest  stage 
of  brewing  operations  is  to  greatly  facilitate  the 
ultimate  fining  of  the  beer  by  causing  those 
matters  which  are  rendered  insoluble  by  boiling 
to  separate  in  a  fiocculent  form  instead  of  in 
that  minute  state  of  division  which  results 
in  the  beer  remaining  obstinately  cloudy,  as  so 
many  brewers  timl  to  their  cost.  In  addition  to 
this,  calcium  su!phate  possesses  a  decided  anti- 
septic action,  as  worts  brewed  with  a  sulphated 


i  water  resist  the  action  of  the  fermentative 
germs  when  exposed  to  the  atmosphere  better 
than  those  brewed  with  a  softer  water.  The 
presence  of  calcium  sulphates  in  a  wort  also 
prevents  the  solution  of  the  coarser  bitter  prin- 
cipiles  of  the  hop,  hence  a  brewer  employing  a 
sulphated  water  can  use  a  much  larger  propor- 
tion of  hops,  if  necessary,  without  rendering  his 
ales  excessively  bitter.  The  same  applies  to 
magnesium  sulphate.  Valuable  as  the  above 
sulpihates  are  in  the  production  of  jsale  and 
mild  ales,  they  are  absolutely  injurious  in  the 
brewing  of  porter  and  stout  if  pii'esent  to  the 
extent  of  more  than  three  grains  per  gallon. 

These  results  have  been  confirmed  by 
Moritz  and  Hartley  (B.  J.  1883,  02)  ;  they  find, 
however,  that  these  suljihates  extract  more 
nitrogenous  matter  from  malt  than  any  other 
of  the  mineral  constituents  of  water  do,  and 
Matthews  (B.  T.  R.  1887,  295)  is  of  opinion  that 
these  nitrogenous  substances  are  of  the  nature 
of  coagulable  albuminoids.  "We  must  at  the 
same  time  not  forget  that,  by  using  a  water 
containing  appreciable  quantities  of  calcium 
sulphate  in  solution,  a  large  proportion,  if  not 
all,  of  the  phosp)horic  acid  existing  in  the  malt, 
probably  as  potassium  phosphate,  is  by  double 
decomposition  converted  into  acid  calcium  phos- 
phate. It  is  well  known  that  this  substance 
exercises  a  powerful  influence  on  certain  albu- 
minoid substances,  especially  at  high  tempera- 
tures. Hence  the  precipitation  in  flocks  of  these 
bodies,  when  the  wort  is  boiled  in  the  copiper,  is 
no  doubt  due  in  great  measure  to  the  action  of 
this  salt. 

Water  containing  alkaline  carbonates  must 
undoubtedly  be  condemned  as  unsuitable  for 
brewing  mild  or  pale  ales.    It  is  well  known 

!  that  certain  nitrogenous  matters,  whose  presence 
in  malt  wort  would  have  a  most  injurious  effect, 
are  freely  soluble  in  slightly  alkaline  waters  ; 
these  remain  unchanged  during  the  process 
of  fermentation,  and  render  the  finished  beer 
persistently  cloudy,  besides  forming  a  suitable 
nidus  for  the  development  of   various  forms 

'  of  bacteria.  A  large  amount  of  colouring 
matter  is  also  extracted  from  the  malt  by  alka- 

!  line  waters,  whilst  the  diastatic  action  is  con- 
siderably impeded  ;  in  the  copper  also  certain 
resinous  matters  are  extracted  from  the  hops, 
which  impai't  a  bitter  and  rank  flavour  to  the 
finished  beer. 

I  Alkaline  sulphates  if  present  in  excess  (more 
than  10  grains  per  gallon)  have  the  same  action, 
though  in  a  very  much  diminished  degree,  as 
alkaline  carbonates,  more  esisecially  sodium  sul- 

;  phate.  Potassium  sulphate,  on  the  other  hand, 
if  present  to  the  extent  of  not  more  than  6  to  10 
grains  per  gallon,  has  a  decidedly  beneficial 
effect,  acting  much  in  the  same  manner  as  mag- 
nesium sulphate. 

Calcium  chloride  gives  to  the  beer  a  harsh, 
coarse  flavour. 

Magnesium  chloride,  if  present  in  small 
quantity,  2  to  4  grains  per  gallon,  is  supposed 

[  to  be  beneflcial  to  fermentation. 

With  regard  to  the  beneficial  influence  of 

j  sodium  chloride  in  a  brewing  water  there  can  be 

1  no  question  whatsoever.  Some  of  the  finest  ales 
in  the  United  Kingdom  are  brewed  in  districts 
where  sodium  chloride  occurs  in  the  natural  well 
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waters  to  a  larger  extent  tlian  is  allowed  by 
excise  regulations  to  be  present  in  the  finished 
beer. 

Alkaline  chlorides  add  considerably  to  the 
palatefulness  of  the  finished  beer,  exercise  con- 
siderable antiseptic  proijerties  during  fermenta- 
tion, and  contribute  to  a  general  mellowness  and 
roundness  of  flavour  which  without  them  is 
absent  in  the  best  brewed  ales,  mild  or  pale. 

The  question  of  nitrates  is  still  a  mixed  one  ; 
the  balance  of  evidence  seems  to  be  that  where 
they  are  not  derived  from  recent  sewage  con- 
tamination their  presence  in  small  quantities  acts 
as  a  stimulus  to  fermentation,  but  a  water  con- 
taining more  than  4  grains  per  gallon  of  potas- 
sium nitrate  ought  to  be  looked  upon  with  grave 
suspicion,  if  not  altogether  condemned  for  brew- 
ing purposes,  more  especially  as  it  is  impossible 
to  get  rid  of  nitrates  once  they  are  found  to  be 
l^resent  in  water.  Nevertheless  the  fact  remains 
that  in  several  breweries  where  nitrated  waters 
are  used  for  brewing,  the  yeast  keeps  clean  and 
vigorous  and  the  ales  are  all  that  can  be  desired  ; 
but  it  is  only  fair  to  state  that  in  such  breweries 
sugar  to  the  extent  of  at  least  one-fifth  the  quan- 
tity of  malt  is  also  used. 

Iron  in  any  shape  or  form  is  most  injurious, 
but  as  it  exists  mostly  in  natural  waters  in  the 
form  of  carbonate,  it  can  be  converted  by  oxida- 
tion into  the  insoluble  peroxide  and  removed  by 
subsidence  or  filtration. 

The  organic  matter  in  water  may  be  of  two 
kinds,  vegetable  and  animal ;  the  vegetable 
organic  matter  is  mostly  of  peaty  origin,  and  as 
such  cannot  form  suitable  pabulum  for  bacteria, 
and  first-class  mild  and  light  ales  have  been 
brewed  from  peaty  waters  after  treatment  with 
gypsum  and  kainite ;  but  on  the  other  hand,  where 
the  organic  matter  is  of  animal  origin,  derived  from 
sewage  contamination  containing  such  matter  in 
solution,  as  it  necessarily  must  be,  the  water,  on 
biological  examination  will  in  all  probability 
be  found  to  be  highly  contaminated  with  disease 
germs  ;  and  although  all  of  these  germs  as  well 
as  their  spores  are  most  unquestionably  killed 
during  the  boiliug  of  the  wort  in  the  copper, 
still  such  a  water  must  be  regarded  as  a  dangerous 
one  to  use  for  brewing  purposes  as  indicating 
the  presence  of  matter  in  solution  which  neither 
boiliug  nor  filtration  can  destroy  or  modify,  and 
which  at  the  first  moment  that  favourable  cir- 
cumstances present  themselves  will  serve  to 
nourish  and  promote  the  growth  of  such  germs 
of  disease  as  may  find  their  way  subsequently 
into  the  beer  or  wort  brewed  from  such  a  water. 

9.  Barley.  The  grain  which  for  centuries  has 
been  most  generally  acknowledged  to  be  best 
adapted  for  brewing  purposes  is  barley.  Of  this 
cereal  as  many  as  100  varieties  have  been  culti- 
vated in  this  country  at  one  time  or  another,  but 
the  one  most  generally  preferred  by  brewers  is 
that  know^n  as  the  Chevalier. 

The  various  species  of  cultivated  barley  are 
distinguished  as  two-rowed,  four-rowed,  and  six- 
rowed  according  to  the  number  of  fertile  spikelets 
on  the  ear.  The  first  and  last  of  these  species 
are  the  most  characteristic,  the  first  including 
the  finest  varieties  of  English  barley. 

Originally  in  the  United  Kingdom  malt  for 
brewing  was  made  from  homegrown  barley  only; 
of  late  years,  however,  very  considerable  quanti- 


ties are  imported  from  other  countries  as  l-'rauce, 
Germany,  Dctmiark,  California,  liussia,  Egypt, 
Algeria,  Chili,  and  New  Zealand. 

!5ome  of  these  barleys  are  much  superior  to 
the  English  in  appearance,  whilst  others,  although 
presenting  anything  but  a  favourable  appearance, 
are  nevertheless  not  to  be  despised,  fulfilling  as 
they  do  a  useful  purpose  when  judiciously  mixed 
with  our  own.    This  we  shall  see  later  on. 

The  quality  of  barley,  as  one  would  naturally 
suppose,  depends  to  a  large  extent  on  the  nature 
of  the  soil,  climate,  manure,  &c. 

Cold  clay  land,  which  is  stiff  or  tenacious,  no 
matter  how  well  drained  it  may  be,  can  rarely 
grow  really  good  malting  barley  (Slopes  on  Malt 
and  Malting). 

Barley  requires  a  warm,  friable  soil  such 
as  the  calcareous  loams  &c.  of  Norfolk  and  the 
districts  having  a  chalk  subsoil,  which  are  the 
best  natural  soils.  Rich,  loamy,  or  well-manured 
sandy,  and  other  dry  soils  are  also  capable  of 
producing  fine  barleys  when  the  season  favours 
them,  especially  if  lime  be  present  in  fair  quan- 
tities. 

Barley  flourishes  best  in  the  farmer's  interest 
upon  laud  well  tilled  and  heavily  manured,  for  it 
grows  strongly  and  produces  heavily.  Such 
barley,  however,  is  not  the  best  for  the  brewer, 
for  it  has  a  higher  percentage  of  certain  nitro- 
genous matters  which  are  decidedly  injurious  to 
the  keeping  properties  of  the  finished  beer. 
Hence  the  direct  manuring  of  the  soil  for  barley 
with  nitrogenous  manures  (stable  manure,  salts 
of  ammonia,  and  nitrates)  must  be  avoided,  such 
manures  also  produce  a  rank  growth  of  the  stalk 
and  of  the  leaves ;  the  barley  is  easily  beaten 
down,  and  produces  from  this  cause  weak  grains 
poor  in  starch. 

Accordingly,  Professor  Farmer  recommends 
that  barley  should  follow  wheat  which  in  its 
turn  followed  roots.  This  seems  to  be  reasonable 
enough,  for  it  is  now  acknowledged  that  manures 
of  a  highly  nitrogenous  nature  are  decidedly  pre- 
judicial to  the  production  of  good  malting  barley. 
For  malting  purposes,  the  fine,  full,  well-de- 
veloped bright  grain  is  always  the  best. 

Climate  exercises  a  more  important  influence 
on  barley  than  even  soil  or  manure.  Un- 
favourable summers  and  bad  harvests  fre- 
quently occur  in  this  country.  Indirectly,  a  bad 
summer,  and  especially  a  bad  harvest  time,  will 
almost  invariably  cause  such  defects  in  barley 
that  the  production  of  really  good  malt  is  im- 
possible. The  difference  in  price  may  not  be 
very  great,  if  viewed  from  tlie  standpoint  of  first 
cost,  but  the  deficiency  of  extract  and  the  in- 
ferior quality  of  the  wort  produced  add  largely 
to  the  actual  loss  of  the  brewer. 

For  the  production  of  sound  light  beers  quick 
in  brightening,  it  is  imperative  to  secure  a  barley 
of  high  vegetative  capacity.  Witb  our  varying 
climate  and  high  farming,  English  barleys  are 
less  suited  for  this  purpose  than  those  uuported 
from  other  countries,  and  the  superiority  of 
foreign  barleys  over  English  is,  no  doubt,  to 
be  attributed  to  the  more  suitable  condition  of 
climate  under  which  they  have  been  grown  and 
harvested. 

10.  Characteristics  of  barley.  For  malting 
purposes  Stopes  groups  the  qualities  of  barley 
as  naiet  four  essentials :  vitality,  condition, 
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maturity,  odour,  and  six  desirable  non- 
essentials :  size,  weight,  uniformity, 
colour,  appearance  of  skin,  age. 

Upon  the  vitality  of  barley  depends  the 
growth,  hence  it  is  most  important  that  the 
barley  should  contain  as  few  as  possible  of  non- 
germinating  grains.  The  most  trustworthy  test 
for  this  is  that  of  enforced  growth,  and  for  this 
purpose  Coldewe's  apparatus,  fig.  2,  is  apparently 
the  most  effective. 


Fig.  2. 

This  consists  briefly  of  a  receptacle  for  water, 
a  germination  tray,  and  a  felt  cover  fitted  with  a 
thermometer  as  shovm  in  sketch.  The  corns  to 
be  tested  are  placed  on  the  germinating  tray, 
and  receive  the  necessary  moisture  for  germina- 
tion with  perfect  equality  from  the  receptacle 
underneath,  whence  the  water  evaporates  with- 
out causing  them  to  be  exposed  to  an  excess  of 
moisture.  The  consequence  is  that  corns  of  even 
quality  not  only  grow  as  fast  as  they  possibly 
can,  but  also  perfectly  alike,  thus  showing  pre- 
cisely the  even  or  uneven  germinating  capacity 
of  the  grain,  and  as  the  tray  is  constructed  to 
hold  exactly  100  corns,  the  percentage  is  at  once 
seen. 

This  test  should  show  at  the  utmost  only 
4  p.c.  of  non-germinating  grains.  The  above 
qualities  may  be  briefly  summed  up  : 

The  corns  should  not  contain  more  than 
4  p.c.  of  non-germinating  grains. 

Wlien  cut  through,  the  cut  surface  should  be 
white,  friable,  and  mealy-looking ;  if  it  is  fatty, 
glassy,  or  spotted,  it  is  not  to  be  recommended 
for  use. 


Barley  ought  to  smell  fresh  and  clean,  not 
musty  or  mouldy. 

The  corns  should  be  as  nearly  as  possible  of 
one  size,  plump  and  heavy,  and  free  from  other 
seeds.  A  good  heavy  barley  should  weigh  from 
50  lbs.  to  56  lbs.  per  bushel ;  all  under  50  lbs.  may 
be  deemed  light.  The  grains  should  have  an 
even  light-yellow  colour,  with  a  thin  wrinkled 
skin.'  The  actual  judging  of  particular  samples 
with  regard  to  quality  and  comparative  value  is 
a  matter  requiring  great  practical  experience  and 
skill,  especially  as  often  the  bulk  is  bought  from 
a  mere  cursory  examination  of  the  sample  in 
market.  One  of  the  great  difficulties  of  the  pre- 
sent day  in  addition  to  those  resulting  from  bad 
harvesting  and  maturing  of  the  grain  is  the  pre- 
valence of  damaged  and  broken  corn.  It  is  more 
difficult  than  ever  to  procure  samples  that  are 
perfect  in  this  respect,  owing  to  the  carelessness 
so  jjrevalent  during  the  threshing  Of  the  barley 
by  modern  methods,  for  we  may  have  not  only 
broken  corns  which  are  easily  detected,  but  other 
corns,  apparently  sound  and  good,  that  show  on 
closer  inspection  slight 
abrasions  of  the  skin 
occasioned  during 
threshing  by  the  too 
close  setting  of  the  ma- 
chinery. This  is  a 
source  of  much  trouble 
to  the  maltster,  giving 
rise  to  mould  on  floors 
as  well  as  to  a  large 
proportion  of  non-ger- 
minating corns. 

11.  Structure  of 
barley.  When  a  grain 
of  barley  is  examined 
with  the  naked  eye,  a 
deep  but  narrow  furrow 
may  be  observed  run- 
ning down  the  whole 
length  of  one  side  ;  the ' 
general  appearance  of 
this  side  is  very  convex, 
both  laterally  and  longi- 
tudinally, hence  it  is 
known  as  the  ventral 
side,  and  is  the  side 
■which  faces  inwards 
when  the  grain  is  still 
attached  to  the  ear. 
The  outer  or  dorsal  side 
of  the  grain  is  much 
flatter  than  the  ventral. 
If  next  we  cut  through 

a  grain  of  barley  lengthwise  with  the  furrow,  so 
as  to  split  it  in  two,  three  principal  parts  can  be 
distinguished  in  it  {v.  fig.  3)  : 

1.  The  hull  or  skin.  2.  The  endosperm  or 
starch  substance.    3.  The  embryo  or  germ. 

The  hull  (p)  or  outer  coat  of  the  grain  con- 
sists of  the  palea;  or  valves  formed  of  three  rows 
of  diif  erently  formed  cells.  The  hull  can  be  easily 
peeled  off  the  barley  grain  after  steeping,  and 
under  this  is  a  shell  tightly  inclosing  the  grain ; 
this  is  the  pericarp  of  the  fruit,  and  beneath 
this  and  closely  grown  together  with  it  lies  the 

'  Faulty  grains  are  frequently  sulphured,  but  can  be 
easily  detected  by  an  experienced  person  on  account  of 
tlieir  unusually  briglit  colour. 
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integument  of  the  seeil.  The  starch  substance, 
or  endosperm  (e),  forms  by  far  the  hirger  bulk 
of  the  barley  grain,  and  consists  principally  of 
starch  cells,  surrounded  by  a  continuous  layer 
of  smaller  cells  containing  the  various  nitrogen- 
ous substances  and  fat. 

The  embryo,  or  germ,  lies  on  the  lower  end 
of  the  grain,  and  its  point  or  apex  inclines  to- 
wards the  smooth  or  unfurrowed  side.  The 
lobe  of  the  seed  proper  in  the  shape  of  a 
flat  shield  oo  forms  the  boundary  between  the 
endosperm  and  the  embryo ;  between  this  and 
the  inner  surface  of  the  testa  lies  the  germ, 
consisting  of  plumule  or  acrospire  (future  leaves 
and  stalk)  and  the  radicle  or  rootlets. 

12.  Chemical  composition  of  barley.  Those 
substances  which  go  to  compose  the  barley 
grain,  as  well  as  the  other  cereals  used  in  brew- 
ing, may  be  classified  as  follows : 

I.  Carbohydrates.  II.  Kesins  and  fats.  III. 
Nitrogenous  substances.    IV.  Ash. 

The  proportions  of  these  several  constituents 
vary  with  different  kinds  of  barley  according  to 
circumstances  of  growth,  manuring,  harvesting, 
climate,  &c. 

I.  The  carbohydrates  contain  the  three  ele- 
ments, carbon,  oxygen,  hydrogen,  and  are  so 
called  because  they  may  be  supposed  to  be  de- 
rived from  the  union  of  a  certain  number  of 
molecules  of  water  with  an  equivalent  number 
of  atoms  of  carbon. 

The  principal  members  of  this  group  are  (a) 
cellulose,  starch,  dextrin ;  (6)  maltose,  cane  sugar 
or  sucrose,  raffinose  •  (c)  dextrose,  levulosc. 

As  the  chemistry  of  the  carbohydrates  is  fully 
treated  of  elsewhere,  there  is  no  occasion  to 
refer  further  to  this  subject  here. 

II.  Fats.  Only  small  quantities  of  fat  are 
found  in  grain,  and  very  little  is  as  yet  known  of 
the  nature  of  the  fat  which  occurs  in  barley.  It 
may  be  obtained  by  treating  barley  flour  with 
ether,  which  on  evaporation  leaves  the  fat  as  a 
thin  yellow-coloured  fluid  of  an  agreeable  odour. 

Resins.  The  outer  coatings  of  most  cereals 
develop  in  ripening  a  certain  amount  of  resinous 
matter,  wliich  by  its  comparative  insolubility, 
protects  the  interior  from  premature  access  of 
water. 

In  addition  to  fat  and  resin  a  number  of 
other  substances  free  from  nitrogen  and  which 
are  generally  classed  with  the  resins  are  also  re- 
presented in  the  grain  of  barley.  Very  little  is 
known  of  them,  but  although  present  in  minute 
quantity  they  nevertheless  play  an  important 
part  in  contributing  to  the  flavour  and  general 
appearance  of  each  individual  grain  of  corn. 

III.  The  nitrogenous  substances  found  in 
grain  are  much  more  complex  in  chemical  com- 
position than  the  carbohydrates  ;  they  all  con- 
tain carbon,  oxygen,  hydrogen,  nitrogen,  and 
some  of  them  sulphur  as  well.  The  nitrogenous 
substances  known  to  occur  in  barley  are  inuce- 
dinc,  fibrin,  casein,  and  albumen:  of  these 
fibrin  is  practically  insoluble  in  water,  muccdine 
is  only  slightly  so,  both  are,  however,  soluble  in 
alcohol,  dilute  alkali,  and  hydrochloric  acid. 
Casein  is  slightly  soluble  in  water,  readily 
soluble  in  dilute  alkali,  but  almost  insoluble  in 
dilute  acid.  All  other  nitrogenous  substances 
occurring  in  liarloy  are  soluble  in  cold  water  and 
are  included  under  the  general  term  albumen. 


The  term  albaminoid  is  applied  to  all  the 
nitrogenous  bodies  present  in  barley,  as  it  is  ex- 
tremely probable  that  the  albumen  is  derived 
from  some  one  of  the  other  three,  i.e.  mucedine, 
fibrin,  or  casein.  But  little  is  known  up  to  the 
present  of  the  properties  and  changes  which 
these  bodies  respectively  undergo  during  the 
formation  and  subsequent  germination  of  the 
grain. 

Barley  contains  a  certain  proportion  of  nitro- 
genous substances  termed  albuminoids,  some  of 
which  are  soluble  in  cold  water,  whilst  others 
are  not.  Of  those  which  are  soluble  in  cold  water 
some  are  coagulated  by  heat  at  temperatures 
varj'ing  from  about  40^6.  up  to  100°C.  Among 
j  these  soluble  coagulable  albuminoids  occurs  a 
I  body  termed  diastase,  so  named  by  Payen  and 
I  Persoz  in  1833  from  Biauracris  (separation)  (A. 
Ch.  53,  73),  on  account  of  its  supposed  pro- 
perty of  separating  the  interior  of  the  starch 
granules  from  their  outer  envelope.  Under  the 
action  of  diastase,  starch  which  has  first  been 
gelatinised  by  boiling  water  undergoes  a  series 
of  hydrations  and  successive  decompositions 
resulting  in  the  production  of  maltose  and 
dextrin.  This  action,  which  is  capable  of  taking 
place  at  0°C.,  attains  its  maximum  between  60" 
to  05°  and  ceases  altogether  at  80°.  It  seems 
very  probable  that  diastase  exercises  a  very 
marked  influence  on  the  insoluble  albuminoids 
during  the  process  of  germination,  converting 
them  into  soluble  forms,  and  that  during  the 
process  of  mashing  it  acts  still  further  on  these 
soluble  albumens,  converting  them  into  those 
other  nitrogenous  substances  which  are  not 
coagulated  by  heat. 

It  has  long  been  known  that  cold  water  extract 
of  barley  possesses  distinct  diastatic  powers,  but 
the  diastase  of  barley  has  little  or  no  action  on 
starch  paste.  If,  however,  this  starch  paste  be 
first  treated  with  cold  water  malt  extract  at  a 
temperature  of  about  75°C.  for  a  few  minutes,  so 
as  to  bring  it  into  the  form  of  soluble  starch  or 
erythro-dcxlrin,  then  cooled  to  a  temperature  of 
50°C.  and  some  cold  water  barley  extract  added, 
the  conversion  of  the  soluble  starch  or  higher 
dextrins  into  reilucible  sugars  proceeds  with 
great  facility.  Hence  it  must  be  assumed  that 
the  diastase  of  barley  readily  enough  saccharifies 
starch  when  in  a  state  of  solution  (as  soluble 
starch)  but  has  little  or  no  effect  on  gelatinised 
starch  or  starch  paste  (Bungener  and  Fries,  Z. 
f.  d.  ges.  Brauwesen,  18C0,  13). 

It,  however,  an  aqueous  extract  of  barley  be 
submitted  for  a  few  hours  at  a  temperature  of 
30°C.  to  the  action  of  ordinary  yeast,  its  power 
of  saccharifying  starch  paste  is  very  considerably 
increased  (Brown  and  Heron,  J.  C."S.  1879,590), 
\  and  there  can  be  no  doubt  that  the  change 
j  which  is  induced  here  in  the  soluble  albuminoids 
of  barley  by  the  living  protoplasm  of  the  yeast 
cell  is  identical  with  the  action  which  goes  on  on 
the  malting  floors  during  germination. 

It  would  appear  then  that  malt  contains  at 
least  two  diastatic  substances,  one  of  which, 
formed  during  the  grotvth  of  the  barley,  has  not 
the  power  of  transforming  or  saccharifying 
starch  paste  until  it  has  been  first  converted  into 
'  soluble  starch ;  the  other,  formed  during  germina- 
tion on  the  malting  floors,  possesses  the  power  to 
I  a  very  marked  degree  of  saccharifying  starch 
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paste  even  at  as  high  a  temperature  as  80°C. ; 
but  it  seems  extremely  probable  that  these 
bodies  are  not  simple  chemical  compounds  of 
constant  definite  composition,  but  must  be  con- 
sidered as  a  mixture  of  several  bodies  differing 
from  each  other  in  chemical  and  physical  jjro- 
perties.  For  Brown  and  Heron  (C.  J.  1879,  5'JG) 
have  ascertained  that  when  cold  water  extracts 
of  barley  and  malt  are  heated  up  to  different 
temperatures,  for  each  increase  of  temperature 
there  is  a  distinct  and  definite  amount  of  coagu- 
lation of  soluble  albuminous  substance,  and  at 
the  same  time  a  diminution  in  the  diastatic 
energy  of  the  solution,  from  which  they  conclude 
'that  the  diastatic  power  of  malt  is  a  function 
of  the  coagulable  albuminoids  themselves,  and  is 
not  due  to  the  presence  of  a  distinctive  trans- 
forming agent.'  There  can  be  no  doubt  that 
during  the  kilndrying  of  malt  a  similar  reaction 
takes  place  (Kjeldahl,  Meddelelser  fra  Carlsberg 
Laboratoriet  1879)  especially  in  the  earlier  stages 
of  drying;  a  small  proportion  of  the  more  easily 
coagulable  albuminoids  being  rendered  insoluble, 
the  diastatic  power  which  had  attained  its 
maximum  at  the  withering  stage,  at  the  same 
time  being  diminished  to  a  considerable  extent. 
Indeed,  it  is  a  well-established  fact,  that  a  high 
dried  malt  will  produce  in  the  brewing  a  more 
highly  dextrinous  beer  than  one  which  has  not 
been  dried  at  so  high  a  temperature  on  kiln. 

The  main  object  of  malting  is  to  induce 
certain  changes  in  the  nitrogenous  constituents 
of  barley,  so  that  the  soluble  albuminoids  or 
diastase  already  present  may  be  rendered  capable 
of  transforming  the  starch,  under  the  necessary 
conditions  of  heat  and  aqueous  solution  into 
those  saccharine  substances  which  are  essential 
to  the  production  of  beer.  The  changes  which 
take  place  during  the  malting  process  have  been 
investigated  by  several  chemists,  but  more  re- 
cently by  Behrend  (Woclienschrift  fiir  Bier- 
brauwerei,  Dec.  1884),  who  finds  that  from  the 
time  the  barley  is  taken  out  of  steep)  the  pro- 
portion of  nitrogen  per  100  corns  continues 
quite  constant  during  the  whole  jsrocess  of  germi- 
nation, but  the  non-nitrogenous  matter  (starch) 
is  eliminated  to  the  extent  of  10  p.c.  He  also 
states  that  from  the  first  moment  of  germina- 
tion the  insoluble  nitrogenous  substances  begin 
to  undergo  certain  modifications  by  which  they 
become  soluble,  and  as  fast  as  this  soluble  albu- 
men is  formed  a  certain  proportion  of  it  becomes 
further  transformed  into  non-albuminous  sub- 
stances pertaining  chiefly  to  the  nature  of  amide 
compounds. 

It  is  not  certain  whether  the  two  processes 
are  equally  energetic,  but  it  may  be  assumed  on 
d  priori  grounds  that  at  each  instant  of  germina- 
tion the  solution  of  albumen  and  the  formation 
of  amides  progress  apace.  If  more  albumen  is 
brought  into  a  condition  of  solubility  than  is  de- 
composed into  the  crystalline  products  we  have 
an  accumulation,  and  in  the  opposite  event  a 
diminution,  of  the  albumen.  The  practical  ap- 
plication of  this  lies  in  the  fact  that  Lintner 
(D.  P.  J.  251,  225)  has  come  to  the  conclusion 
that  under  normal  conditions  the  amount  of 
diastase  present  in  any  given  malt  is  directly  pro- 
portional to  the  amount  of  soluble  albumen  con- 
tained therein.  Hence  if  we  determine  the  amount 
of  nitrogen  due  to  the  soluble  albumen  and 


assume  that  this  soluble  albuminous  nitrogen  is 
a  measure  of  the  diastase,  by  multiplying  this 
by  6-25  we  obtain  the  quantity  of  diastase,  and 
on  this  assumption  it  has  been  found  that  the 
quantity  of  diastase  in  malt  amounts  to  about 
2  p.c.  of  dry  substance. 

The  following  table,  deduced  by  E.  Warington 
(Watts'  Diet.  viii.  p.  143)  from  a  compilation  of 
all  accessible  analyses,  numbering  fifty-six  in 
all,  may  be  taken  as  showing  a  fair  average 
composition  of  barley  grain  : — 


1. 

Carbohydrates 

.  G3-66 

2. 

Fibre  .... 

.  709 

H. 

Fat      ...  . 

.  205 

4. 

Albuminoids 

.  10-58 

5. 

Ash  .... 

.  2-57 

G. 

Water  .... 

.  14-05 

Total  . 

.  100 

Barley  grain  contains  on  an  average  less 
nitrogen  than  either  wheat  or  oats ;  the  proportion 
is  least  in  tine  malting  barley,  amounting  to  only 
8  or  9  p.c.  of  albuminoids. 

IV.  The  ash  of  barley  grain,  as  calculated 
from  50  analyses  by  E.  Wolff  (Watts'  Diet.  viii. 
p.  143),  has  the  fnllowing  average  comijosition  : 

Potash       .  .  .  K.,0  21-35 

Soda         .  .  .  Na„0  2-25 

Lime         .  .  .  CaO  2-74 

Magnesia    .  .  .  MgO  8-6G 

Ferric  oxide  .  .  Fe.p^  -91 


Phosphoric  anhydride 
Sulphuric  anhydride  . 
Silica 

Chlorine  . 


63-89 

It  has  already  been  stated  that  land  which 
has  been  highly  manured  with  mineral  salts 
containing  a  high  percentage  of  nitrogen,  such 
for  instance  as  sodium  nitrate  or  ammonium 
sulphate,  will  produce  a  heavy  crop  of  barley. 
This  of  course  from  a  farmer's  point  of  view  is 
decidedly  an  advantage,  but  such  barley  is  always 
found  to  be  exceedingly  rich  in  albuminoids  and 
consequently  low  in  the  percentage  of  starch. 
Hence  for  brewing  purposes  it  is  extremely  un- 
advisable  to  use  such  a  barley,  for  not  only  will 
the  wort  resulting  from  the  malt  made  from  this 
barley  be  poor  in  saccharine  matter,  but  these 
nitrogenous  substances,  when  present  in  too  large 
proportions  in  the  wort,  exercise  a  very  injurious 
influence  on  it,  and  cause  the  finished  beer  to 
become  thick  and  cloudy  and  prevent  its  keep- 
ing sound  for  any  length  of  time  (L.  Marx,  Eev. 
Univ.  de  la  Brasserie). 

Therefore  from  a  brewing  point  of  view  a 
barley  rich  in  albuminoids  must  be  regarded  as 
of  poor  quahty,  while  a  low  content  of  albu- 
minoids in  general  is  an  expression  of  high 
quality.  Hence  Maercker  (B.  C.  1885,  690)  con- 
cludes that  the  weight  jjer  bushel  which  is  gener- 
ally regarded  as  a  fair  criterion  of  the  value  of 
a  barley  can  hardly  be  looked  upon  alotic  as  a 
safe  guide  with  regard  to  quality,  but  that  the 
chief  characteristics  of  a  first  quality  barley  are, 
1,  its  consistency;  2,  its  colour;  3,  percentage  of 
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moisture;  and  4,  its  percentage  of  albuminoids  ; 
these  in  first-class  barleys  should  not  exccc.i 
8-C  p.c.  He  also  linds  that  a  grain  possessing  a 
fine,  thin  husk  is  found  to  yield  the  largost 
amount  of  starch;  the  kernels  in  this  case 
should  be  thin  and  rounded,  the  percentage  of 
husk  being  a  minimum.  This  is  the  view  adopted  i 
by  Prof.  Brewer,  of  the  Brewer's  Experimental  ' 
Station,  New  York,  as  well  as  by  C.  Lintncr 
(D.  P.  J.  217,  350)  who  gives  lO  o  p.c.  of  albu- 
ramoids  as  a  limit  for  first-class  barley. 

13.  Preparation  of  barley  for  malting.  Very 
little  barley  is  in  a  fit  condition  for  undergoing 
the  process  of  malting  when  it  is  delivered  at  the 
brewery  or  malthouse  by  the  farmer,  as  it  gene- 
rally contains  several  varieties  of  foreign  seeds, 
fragments  of  pebbles  &c.  mixed  up  with  it,  as 
well  as  light  and  damaged  com.  The  following 
preparatory  stages  are  considered  by  Slopes  to 
be  generally  needed  : — 

Cleaning,  grading,  kilndrying  or  sweating. 
The  dust  which  is  generally  found  adhering  to 
barley  consists  to  a  large  extent  of  spores  of 
numerous  ferments  and  fungoid  organisms,  many 
of  which  find  their  way  into  the  fermenting 
round,  seeds  of  weeds  and  other  foreign  grains 
may  also  be  present. 

C.  G.  Matthews  (J.  E.  Microsc.  S.  1883) 
found  that  various  kinds  of  barley,  English  as 
well  as  Saale,  French,  Chilian,  and  Californian, 
yield,  when  steeped  for  a  short  time  in  water,  an 
abundance  of  mould  spores,  bacteria,  and  infu- 
soria of  various  species,  and  from  many  experi- 
ments made  by  him  he  concludes  that  in  the 
first  stage  of  malting  when  the  barley  is  put  in 
steep  the  spores  of  various  moulds  and  other 
imcro-organisms  are  present  in  quantity  in  the 
steep  water,  being  introduced  into  the  cistern  with 
the  barley,  and  although  the  greater  portion  may 
be  removed  on  withdrawal  of  the  steep  water, 
yet  there  would  in  all  probability  be  left  suf- 
ficient to  cause  a  mould  growth  on  injured  or 
weakly  corns  wliilst  on  the  malting  floor.  Now 
it  is  a  well-known  fact  that  good,  healthy  growing, 
perfect  corns  are  never  found  to  develop  growths 
of  any  kind  of  mould,  the  corns  which  appear  to 
be  favourable  to  such  are  always  those  which 
from  various  causes  are  incapable  of  carrying  on 
a  strong  and  healthy  growth,  having  been  injured 
by  heating  in  stack,  or  sprouting,  or,  as  is  more 
generally  the  case  nowadays,  been  split,  crushed, 
or  otherwise  damaged  during  threshing,  a  slight 
abrasion  of  the  skin  iu  some  instances  being 
sullicient  to  give  rise  to  development  of  mould. 
Hence  it  will  be  seen  how  very  important  it  is 
that  the  barley  should  be  cleaned  and  freed  as 
much  as  possible  from  dust,  broken  corns,  and  all 
other  matters  which  may  iu  any  way  encourage 
the  growth  of  mould  on  the  malting  floors,  so 
that  if  a  maltster  wishes  for  clean  floors  he  must 
first  thoroughly  clean  his  barley  of  such  objec- 
tionable bodies  by  proper  and  careful  screening. 
A  form  of  screen  which  seems  well  adapted  for 
this  purpose  is  shown  in  fig.  4. 

Grading  grain  is  if  possible  still  more  impor- 
tant than  cleaning  it,  as  it  is  most  desirable  that 
for  malting  purposes  all  the  corns  should  as  far 
as  possible  be  of  one  uniform  size.  The  next 
process,  and  one  of  extreme  importance,  is  the 
kilndrymg  of  barley,  or  sweating  as  it  is  tech-  I 
nicaUy  termed.    With  cold  and  damp  seasons, 


and  with  the  modern  fashion  of  threshing  by 
steam  either  when  carting  or  almost  immediately 
after  stacking,  so  that  the  grain  has  had  no 
chance  of  sweating  in  stack,  it  is  liighly  desirable 
that  this  should  be  done  on  the  kiln,  but  hke 
every  other  operation  in  malting  it  requires 
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discrimination  and  the  exercise  of  judgment. 
Broadly  speaking,  almost  every  sample  that  has 
not  been  influenced  by  damp  sulBciently  to 
start  the  acrospire  is  decidedly  the  better  for  a 
few  hours  upon  the  kiln  prior  to  storing  or  steep- 
ing. If  the  acrospire  has  moved,  then  drying 
does  more  harm  than  good. 

Sweating  is  best  carried  on  at  a  low  uniform 
,  temperature,  rarely  exceeding  105°F.  When 
dried  it  is  advisable  to  store  the  barley  in  bins 
for  at  least  a  fortnight  prior  to  steeping,  in  order 
that  it  may  have  time  to  mellow.  The  grain  is 
now  in  a  suitable  condition  for  undergoing  the 
various  processes  of  malting ;  these  are  steeping, 
couching,  flooring,  withering,  drying. 

14.  The  great  distinctive  difference  between 
malt  and  corn  is  growth  ;  no  matter  what  pro- 
cesses they  may  have  been  subjected  to,  any 
grains  of  the  corn  which  have  not  growii 
remain  as  barley,  wheat,  &c.,  and  are  not  malt. 
When  a  seed  is  placed  under  suitable  conditions 
with  regard  to  heat,  light,  air,  and  moisture,  it 
begins  to  germinate  or  grow.  Wlien  it  begins  to 
grow  the  first  sign  of  a  change  taking  place  is 
the  protrusion  in  a  downward  direction  of  the 
rootlets  or  radicle  through  the  integument ;  at 
the  same  time  the  plumule  or  acrospire  begins 
to  start  growing  in  an  upward  direction  until  it 
bursts  through  the  integument  and  gives  rise  to 
the  first  leafy  organs  of  the  growing  plant. 
When  wheat  commences  to  germinate,  the 
plumule  of  the  embryo  on  bursting  through  its 
envelope  finds  itself  in  immediate  contact  with 
the  inner  surface  of  the  pericarp,  which  in  this 
case  not  being  sulhciently  strong  is  ruptured, 
the  plumule  continuing  its  growth  outside  the 
grain. 

In  barley  the  pericarp  is  of  suflicient  strength 
(even  in  the  so-called  naked  barley  where  the 
palea,  as  in  wheat,  is  not  adherent)  "to  retam  the 
plumule  witliin  it.  In  consequence  of  this  the 
growth  of  the  plumule  takes  place  between  the 
testa  and  pericarp,  and  in  very  close  proximity 
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to  the  reserve  materials  of  the  endosperm,  until 
it  finally  issues  at  the  end  of  the  grain  the 
farthest  removed  from  the  embryo. 

15.  The  water  used  for  wetting  or  steeping 
should  be  of  such  purity  that  it  may  pass  as 
drinking  water.  Waters  containing  much 
organic  matter,  especially  that  derived  from 
animal  sewage,  frequently  contain  salts  of  phos- 
phorus, which  coming  in  contact  with  the 
numerous  spores  of  bacteria  and  mould  on  the 
surface  of  the  barley  afford  a  most  favourable 
medium  for  their  development  and  growth.  Cer- 
tainly the  water  in  which  barley  has  been  steeped 
affords  itself  very  suitable  nourishment  for  these 
micro-organisms,  and  where  the  water  helps  in 
the  same  direction  the  result  is  self-evident. 

Of  the  mineral  matter  in  water  iron  in  any 
form  is  most  objectionable,  as  it  gives  rise  to 
the  insoluble  phosphate  of  iron. 

Chlorides  of  the  alkalis  if  present  in  large 
quantity  remove  a  considerable  proportion  of 
mineral  as  well  as  organic  matter,  whilst  they 
retard  germination  to  a  considerable  degree 
(Michel  and  Handwerck,  B.  C.  1882,  480). 

The  presence  of  calcium  chloride  hinders  the 
extractive  action  of  sodium  chloride  to  a  certain 
extent  (ibid.). 

Calcium  and  magnesium  carbonates  and  sul- 
phates are  generally  supposed  to  fix  the  phos- 
phoric acid  in  the  grain,  the  potash  and  mag- 
nesia being  extracted  by  the  hard  water  whilst 
the  Ume  enters  into  combination  with  the  phos- 
phoric acid,  forming  an  insoluble  phosphate  in 
the  grain  (UUick,  B.  C.  1882,  40-42),  but  Mills 
and  Pettigrew  find  that  the  more  of  these 
mineral  salts  there  are  in  steep  water  the  more 
mineral  matter  there  is  extracted  from  the 
barley  (J.  C.  S.  1882,  38).  They  are  con- 
firmed in  their  results  by  Michel  and  Handwerck 
(D.  P.  J.  247,  82,  ICS,  and  214).  Prom  a 
series  of  experiments  made  by  the  author  on 
the  steeping  of  barley,  where — 1,  distilled  water 
alone ;  2,  a  water  containing  13'8  grains  of 
calcium  carbonate  per  gallon  (v.  Analysis 
No.  2,  p.  352) ;  and  3,  the  same  with  30  grains 
of  gypsum  added,  were  employed,  the  following 
results  were  arrived  at :  that  the  total  matter 
extracted  by  water  No.  1  was  in  all  cases  the 
greatest,  that  by  water  No.  3  least ;  that  this 
applied  to  the  mineral  as  well  as  the  organic 
matter,  but  whereas  No.  1  dissolved  out  the 
most  mineral  matter.  No.  3  extracted  the  most 
phosphoric  acid. 

As  regards  the  extraction  of  organic  matters 
all  observers  are  jiretty  well  agreed  that  a  soft 
water  extracts  more  than  a  hard  one. 

It  will  be  readily  seen  from  this  that  in  no 
case  should  a  water  containing  even  only  a 
small  quantity  of  alkaline  carbonates  be  used 
for  steeping  ;  the  same  remarks  apply  to  alkaline 
sulphates. 

Mills  and  Pettigrew  conclude  that  nitrates 
have  a  highly  stimulating  action  in  tlie  gcrmi-  i 
nation  of  malt,  and  recommend  the  addition  of 
a  small  quantity  of  calcium  nitrate  (about  3 
grains  per  gallon)  to  those  waters  w'hich  are  de- 
ficient in  nitrates. 

The  principal  object  of  steeping  is  to  mois'cn 
thoroughly  every  portion  of  the  giain,  so  as  to 
enable  it  perfectly  to  perform  the  functions  of 
germination,  and  the  water  that   will  leave 


within  the  grain  as  much  as  possible  of  its 
natural  constituents,  whether  mineral  or  organic, 
is  undoubtedly  the  best  for  steeping  purposes — 
such  a  water  will  generally  be  found  to  be  that 
supplied  for  drinking  purposes  to  most  towns. 

16.  Malting.  At  jjresent  three  systems  of 
making  malt  are  practised  : 

1.  English  system. 

2.  Continental. 

3.  Pneumatic. 

The  English  system  '  briefly  consists  in  steep- 
ing the  grain  in  water  in  large  iron  or  stone 
cisterns,  draining  the  water  oif,  spreading  the 
moistened  grain  in  thin  layers  upon  exposed 
floors  and  drying  upon  an  open  tire  kiln  at  a 
period  of  from  9  to  21  days  from  time  of  steeping. 

The  continental  system  differs  materially  in 
all  the  above  details. 

Pneumatic  malting  provides  for  absolute 
control  over  the  admission  of  air  supplied  to  the 
germinating  grain. 

The  simplest  form  of  malt-house  possessing 
any  capacity  for  work  is  a  x^lain  two-story  build- 
ing having  attached  to  it  a  kiln  or  drying- 
house,  and  consisting  of  aground-floor  of  clunch, 
a  brick  steeping  cistern,  and  a  first  floor  of 
timber  with  or  without  partitions  for  separating 
the  stored  grain  or  malt :  but  a  good  malt- 
house  of  fair  size  is  most  conveniently  and 
favourably  worked  if  it  consists  of  one  main 
building  of  three  stories — two  kilns  and  a  corn 
or  malt  store. 

The  growing  floor  may  be  composed  of  a 
variety  of  materials,  but  that  which  is  most  to 
be  preferred  is  cement  concrete  worked  to  a 
perfectly  smooth  face. 

The  cisterns  should  always  be  at  the  end 
opposite  to  the  kiln  in  a  single-floor  house,  and 
so  arranged  that  entire  control  of  the  tempera- 
ture of  the  steep  liquor  can  be  secured,  and  that 
the  grain  can  be  readily  screened  into  them 
when  filled  with  water  to  enable  the  thin  corn 
and  refuse  to  float  off. 

The  water  must  also  have  command  of  them 
so  that  it  can  be  run  in  from  below  and  overflow 
at  top  prior  to  a  charge  of  steep  liquor,  and  a 
nuinber  of  inlet  and  outlet  pipes,  all  fitted  with 
strainers,  should  be  fixed.  They  should  possess 
in  addition  a  series  of  perforated  pipes,  by  means 
of  which  water  can  be  sprayed  or  sparged  from 
above  over  the  grain  like  a  shower.  The  cis- 
terns are  emptied  of  the  steeped  grain  either  by 
shovelling  on  to  the  floor,  if  on  the  same  level, 
or  by  running  down  through  shoots  in  the 
bottom  to  the  floor  below. 

Cisterns  are  generally  built  of  concrete  or 
brick.  An  excellent  form  of  construction  is 
afforded  by  the  use  of  the  Hygeian  Eock  cement, 
as  shown  in  tig.  5.  This  method  gives  a  wall 
only  9  inches  thick,  but  quite  strong  enough  for 
all  practical  purposes ;  the  outside  wall  of  the 
cistern  is  generally  coated  with  cement,  whilst 
the  interior  of  the  cistern  is  preferably  lined 
with  white  glazed  or  enamelled  bricks  well  set 
in  cement.  Brick  or  concrete  cisterns  should 
have  a  wide  central  channel  running  their  full 

'  For  much  valuable  iiifonuation  on  the  subject  of 
malting  the  author  is  iuilebted  to  a  most  comprehensive 
treatise  on  malt  and  malting  by  H.  Stopcs,  from  which 
several  of  the  woodcuts  illustrating  this  portion  of  the 
subject  are  taken. 
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length.  The  top  of  the  channel  must  be  framed 
to  receive  perforated  iron  plates  or  tiles  to  serve 
as  strainers.  The  capacity  of  these  cisterns 
should  be  ample  enough  to  steep  the  utmost 
quantity  of  com  the  floor  can  possibly  grow  in 
the  coldest  weather;  not 
less  than  14  cubic  feet  per 
quarter  should  be  allowed 
when  calculating  their  di- 
mensions. 

The  kiln  sh'juld  be  a 
lofty  and  roomy  structure, 
preferably  of  brick,  with  a 
high  roof  surmounted  by 
a  cowl.  The  area  of  the 
drying  floors  should  never 
exceed  one-fourth  or  be 
less  than  one-sixth  of  the 
growing  floors,  nor  should 
the  combined  air  inlets 
and  discharges  bear  a  ratio  to  each  other  ex- 
ceeding that  of  4  to  5. 

In  practice  it  is  found  1hat  the  more  closely 
a  kiln  resembles  a  chimney  in  construction,  the 
gi-eater  is  its  effective  capacity,  consequently  the 
tendency  has  been  constantly  to  increase  the 
height  of  the  kilns.  Kilns  may  be  of  various 
forms,  but  a  square  one  is  undoubtedly  the  best. 
In  fig.  6  is  shown  a  type  of  kiln  very  common 
in  Great  Britain. 


Fig.  5. 


floor  of  the  kiln  with  no  protection  of  any  kind, 
others  are  built  over  with  a  brick  arch  left  full 
of  holes  for  the  escape  of  heat  on  all  sides,  a 
in  fig.  C  shows  the  form  of  fire-basket  usually 
employed,  the  spaces  n  n  at  the  sides  of  the 


Fio.  C. 

In  every  portion  of  the  plant  connected  with 
malting,  great  diversities  of  size  and  style  occur, 
and  kiln  furnaces  oiler  no  exception  to  the  rule. 
Generally  nialtkiln  furnaces  either  permit  the 
products  of  combustion  to  pass  through  the 
malt  whilst  drying  or  they  do  not  do  so.  The 
form  of  furnace  perhaps  most  in  vogue  is  known 
as  the  fire-baskc't.  This  is  a  large  open  cast-iion 
basket  of  from  3  to  C  ft.  square,  with  legs  or 
supports  carrying  a  frame  fitted  with  ordinary 
fire-bars  and  thick  sloping  sides.  These  baskets 
arc  sometimes  placed  merely  upon  the  bottom 


Fig.  7. 

furnace  are  used  as  coal  or  fuel  stores.  The 
drying  floor  c  is  built  at  all  heights,  ranging  from 
5  to  29  ft.  above  the  furnace,  and  is  generally 
made  of  earthenware  perforated  tiles  resting  on 
light  iron  bars,  whicli  in  their  turn  are  supported 
by  larger  joists.  Of  late  years  steel  wire,  of 
varying  width  and  from  30  to  3G  inches  in  length, 
has"  been  introduced  for  kiln  floors,  and  seems 
to  possess  decided  advantages  over  the  ordinary 
tiles. 
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The  construction  of  the  roof  d  is  of  great 
importance,  as  very  much  depends  on  it ;  if  the 
pitch  is  not  at  the  proper  angle  the  drying  of 
the  malt  is  affected  to  a  certain  extent ;  cross 
timbers  are  objectionable  and  should  be  avoided 
as  far  as  possible ;  lath  and  plaster  forms  the 
best  hning  to  the  slate  roof  as  well  as  for  the 
sides  of  the  drying  chamber. 

The  cowl  E  is  the  usual  form  of  outlet  to 
most  English  kilns.  Until  very  recently  all 
kilns  were  built  with  only  one  drying  floor,  but 
in  1881  the  first  kiln  in  England  with  two  floors, 
and  known  as  Stopes'  system  (fig.  7),  was 
erected  by  Messrs.  Taplin  &  Sons  at  Brighton, 
which  gave  very  satisfactory  results,  and  is  now 
being  introduced  into  many  breweries  in  this 
country.  It  is  claimed  that  two-floor  kilns  pos- 
sess several  advantages,  of  which,  probably,  the 
chief  are  the  regularity  of  temperature  upon 
both  floors  and  the  economy  of  fuel  and  labour. 

17.  Steeping-.  The  cistern  should  be  filled 
with  the  steeiJ  water,  then  the  barley  slowly  run 
through  a  shoot  into  the  cistern  ;  by  this  means 
the  dirt  and  dust,  small  and  light  corns,  and 
other  matters  find  their  way  readily  to  the  sur- 
face and  may  be  skimmed  off.  This  first  steep 
water  should  be  run  off  within  the  first  six 
hours,  it  being  the  most  impure ;  the  succeeding 
steep  water  should  be  changed  every  twelve  to 
twenty -four  hours,  according  to  temperature  and 
season  of  year. 

The  first  steep  water  should  be  run  off  from 
above,  and  the  second  water  run  in  from  under- 
neath ;  this  upward  filtration  serves  very  effec- 
tually to  cleanse  the  grain  from  any  adhering  im- 
purities. The  grain  is  allowed  to  remain  in 
steep  for  a  period  of  forty  to  seventy  hours,  de- 
pending upon  surroundings ;  but  the  maltster 
would  naturally  be  guided  by  the  temperature 
of  the  atmosphere,  the  quality,  condition,  and 
age  of  the  barley,  high  temperature  necessitating 
more  frequent  changes  of  steep  water  and  shorter 
time  in  steep.  Then,  again,  coarse,  thick-skinned, 
or  heavy  barleys  would  naturally  require  longer 
steeping  than  the  lighter  and  thinner  kinds  ;  the 
older  the  barley  the  longer  it  requires  to  be 
steeped,  as  new  barley  germinates  more  quickly 
than  old,  the  chief  object  of  steeping  being  to 
impart  to  the  grain  about  to  be  malted  a  sufd- 
ciency  of  moisture  to  ensure  perfect  and  regular 
germination. 

18.  Couching'.  Before  the  repeal  of  the  malt 
tax  the  barley  when  taken  out  of  steep  was 
placed  in  what  was  known  as  the  couch.  This 
might  be  regarded  as  a  dry  cistern  where  the 
grain  had  to  lie  a  certain  number  of  hours,  or  until 
it  was  gauged  by  the  excise  officer  and  the  duty 
levied.  Since  this  has  been  done  away  with  the 
couch  is  no  longer  needed,  though  even  yet 
many  maltsters  pile  up  the  barley  when  taken 
out  of  steep  in  a  heap  for  twenty  to  twenty-four 
hours,  indeed  until  the  growing  point  of  the 
rootlet  begins  to  show.  This  is  a  great  mis- 
take. In  the  first  place  a  greater  amount  of 
heat  will  be  developed  in  the  interior  of  the 
heap  than  on  the  outside  by  the  germinating 
grain,  hence  these  corns  will  grow  more  rapidly 
than  the  others,  so  that  very  uneven  '  pieces  ' 
on  the  floors  will  be  the  result.  It  has  also 
been  proved  that  heat  in  couch  tends  directly 
to  produce  acidity  in  the  finished  malt.  After 


the  grain  comes  out  of  steep  it  requires  all  the 
oxygen  it  can  get,  as  well  as  the  removal  of  the 
carbonic  acid  gas  which  becomes  disengaged 
by  the  process  of  germination ;  this  necessarily 
involves  free  contact  with  air  and  therefore  it  is 
advisable  that  couching  be  done  away  with 
altogether. 

19.  Flooring.  Wlrere  it  is  still  practised,  as 
soon  as  germination  is  observed  to  have  com- 
menced, the  couch  is  broken  down  and  the  grain 
spread  out  on  the  floor,  the  depth  at  first  vary- 
ing from  twelve  inches  to  about  three  or  four  ac- 
cording to  season  and  temperature ;  it  is  then  left 
so  for  twenty  to  twenty-four  hours,  when  it  is 
turned  by  means  of  a  wooden  spade.  For  the 
succeeding  two  or  three  days  it  is  either 
'  ploughed  '  or  turned  about  twice  daily ;  of 
course  this  entirely  depends  on  the  judgment 
and  experience  of  the  maltster,  his  main  object 
being  to  obtain  a  good  bushy  root  and  a 
regular  development  of  the  acrospire.  This  re- 
quires very  careful  and  close  attention  on  the 
part  of  the  maltster,  for  during  '  flooring  '  he 
has  not  only  to  control  the  development  or 
growth  of  the  germinating  grain,  but  the  very 
nature  of  that  growth.  He  has  to  give  air  and 
secure  ventilation,  to  regulate  heat  and  hu- 
midity, to  foster  the  development  of  the  acro- 
spire and  check  the  root  growth,  or  vice  versa  as 
the  case  may  be  ;  all  this  can  only  be  attained 
by  long  experience  and  an  intelligent  apx^recia- 
tion  of  scientific  facts. 

As  a  rule,  English  maltsters  allow  germina- 
tion to  proceed  until  the  acrospire  has  extended 
to  about  three-fourths  the  length  of  the  grain, 
the  rootlets  being  at  the  same  time  about  twice 
the  length  of  the  grain,  but  this  is  varied  con- 
siderably according  to  the  ideas  of  each  in- 
dividual maltster.  Germination  is  accordingly 
carried  on  until  this  stage  is  reached. 

About  the  fifth  day  from  the  time  of  taking 
out  of  steep  the  grain  is  sprinkled  at  intervals 
with  water  from  a  watering-can ;  this  is  con- 
tinued until  the  sixth  day.  The  quantity  of 
water  used  for  this  purpose  varies  from  three  to 
six  gallons  per  quarter  of  barley,  but  of  course 
will  naturally  depend  upon  the  state  of  the 
atmosphere  as  well  as  on  the  condition  of  the 
piece.  On  the  days  of  sprinkling  the  grain  is 
turned  four  times  each  day  ;  after  the  sixth  day 
it  is  turned  two  or  three  times  daily.  As  soon 
as  the  germination  has  proceeded  to  such  a 
degree  as  may  be  desirable,  it  is  subjected  to 
the  process  of  Withering,  the  object  being  to 
arrest  germination,  to  increase  the  temperature 
of  the  piece  so  that  as  large  an  amount  of 
moisture  as  possible  may  be  got  rid  of  prepara- 
tory to  kilndrying.  In  many  malt-houses  a 
proper  withering  floor  is  provided,  generally  of 
wood.  During  this  stage  the  rootlets  wither,  be- 
coming shrivelled  and  dry.  As  soon  as  this 
takes  place  many  maltsters  throw  the  green 
malt,  as  it  is  now  called,  into  a  heap,  and  allow 
it  to  heat  spontaneously,  the  object  being  to 
make  it  tender. 

A  piece  which  was  sprinkled  on  the  fifth  and 
sixth  days  under  ordinary  conditions  should  be 
ready  to  go  on  kiln  on  the  tenth  or  eleventh 
day. 

Some  maltsters  allow  the  piece  to  become 
almost  dry,  not  sprinkling  until  the  eighth  or 
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even  ninth  day,  but  this  cannot  be  recom- 
mended. The  grain  at  time  of  going  to  kiln  is  at 
most  only  imperfectly  withered,  contains  an 
excess  of  moisture  necessitating  very  frequent 
turning  as  well  as  encouraging  the  growth  of 
mould  on  kiln,  and  finally  imparting  a  de"ree  of 
hardness  or  steehness  to  the  finished"  malt 
which  occasions  diminished  extract  and  pos- 
sibly starchy  worts. 

If  the  barley  whilst  on  the  floors  shows 
much,  or  in  fact  any  signs  of  mouldiness,  both 
the  cistern  and  floors  must  be  thoroughly  well 
scrubbed  with  water  to  which  10  p.c.  of  good 
strong  calcium  bisulphite  has  been  added. 
When  dealing  with  low  class,  ill-conditioned, 
or  damaged  grain  it  is  always  well  to  add  a 
suitable  quantity  of  bisulphite,  both  to  tbe 
steep  water  as  well  as  to  the  water  used  for 
sprinkling. 

It  is  also  essential  that  thermometers  should 
be  placed  at  frequent  intervals  on  the  floors, 
and  the  temperature  carefully  noted  from  time 
to  time;  indeed,  llie  question  of  temperature  is 
just  as  important  a  factor  in  malting  as  it  is  in 
mashing. 

20.  Drying.  By  the  time  the  germinated 
barley  is  ready  to  go  on  the  kiln,  it  really  is  in 
efiect  no  longer  barley  but  malt,  or  more  pro- 
perly green  malt,  and  has  attained  at  this  stage 
its  highest  diastatic  energy,  so  that  if  the  object 
were  merely  the  production  of  diastase  the  malt 
might  now  be  dried  oH  at  ordinary  tempera- 
tures ;  but  for  the  purposes  of  the  brewer  and 
distiller  it  is  absolutely  necessary  that  this 
green  malt  be  subjected  to  the  influence  of  heat, 
not  only  for  the  purpose  of  drying  it  completely 
and  arresting  germination,  but  in  order  that 
certain  changes  may  take  place  in  the  chemical 
composition  of  its  various  constituents  which 
are  necessary  to  impart  that  flavour  and  other 
properties  to  the  liquor  brewed  from  it  and 
which  we  term  beer.  In  addition  to  this  the 
malt  also  becomes  capable  of  lengthened  storage, 
and  when  well  dried  is  best  adapted  for  grinding 
and  for  transport ;  also  all  mould  and  fungoid 
growths  are  completely  arrested  and  their 
vitality  suspended. 

The  temperature  employed  in  finishing  o£E 
the  malt  on  the  kiln  will  determine  its  quality, 
thus  we  may  have  pale  malts,  medium  and  high 
dried. 

For  pale  malt  only  the  better  qualities  of 
barley  should  be  used,  and  great  attention 
should  be  paid  whilst  on  the  growing  floor  to 
prevent  the  development  of  mould;  also  the 
withering  off  should  be  carefully  attended  to, 
the  principal  object  of  the  maltster  being  to 
obtain  a  good  healthy  growth  in  the  earlier 
stages,  and  that  the  green  malt  should  be  as 
dry  as  possible  at  the  time  of  going  to  kiln. 

To  dry  pale  malt  well,  Stopes  says  three 
things  are  necessary : 

1.  It  should  be  loaded  in  the  condition  just 
described  as  sound  green  malt  upon  a  floor  at  a 
thickness  rarely,  if  ever,  exceeding  7  to  8  inches. 

2.  It  must  remain  niitunicd  at  a  low  tem- 
perature until  nearly  all  moisture  is  removed. 

3.  Heat  must  then  be  applied  steadily  and 
freely,  and  be  maintained  for  a  considerable  time 
at  a  nearly  uniform  temperature,  ranging  fi-om 
100°  to  as  high  as  230°  in  some  cases. 


As  long  as  an  appreciable  amount  of  mois- 
ture remains  in  the  malt,  it  is  most  important 
that  the  temperature  on  kiln  should  not  exceed 
120°,  while  special  attention  must  be  paid  to 
:  ventilation.    When  we  consider  that  from  90° 
:  to  120^  is  the  most  favourable  range  of  tempera- 
ture for  the  development  of  the  numerous 
spores  of  various  micro-organisms  wliich,  de- 
spite all  our  efforts  to  the  contrary,  are  to  be 
found  adhering  to  the  moist  corns,  and  that  with 
their  devthipment  ensue  chemical  changes,  such 
as  the  production  of  various  organic  acids,  which 
most  seriously  affect  the  character  of  the  malt, 
It  would  seem  that  the  shorter  time  the  malt 
IS  exposed  to  this  temperature  the  better;  there- 
fore it  is  advisable  that  the  laver  of  malt  should 
certamly  not  exceed  eight  inches,  and  it  would 
be  better  still  if  it  were  only  six.    But  it  is  not 
simply  a  question  of  drj-ing  the  malt  quickly  at 
a  low  temperature  ;  undoubtedly  certain  changes 
irrespective  of  those  produced"  by  micro-organ- 
isms are  brought  about  in  the  nitrogenous  as 
well  as  in  the  other  constituents  of  the  malt 
whilst  submitted  to  these  conditions  of  tempera- 
ture and  moisture,  of  which  absolutely  nothing 
is  as  yet  known.  ° 
As  soon  as  the  malt  begins  to  present  a  drv 
appearance,  the  temperature  may  be  gradually 
raised  up  to  the  final  temperature  at  which  it  is 
to  be  finished  off.    It  is  impossible  to  give  a 
fixed  limit  for  this,  as  a  great  deal  will  depend 
upon  circumstances,  but  as  a  general  rule,  for 
pale  malt  the  final  temperature  may  be  taken  at 
180°F.  From  the  time  of  raising  the  temperature 
until  the  end  of  the  process,  the  malt  should  be 
turned  at  intervals. 

In  drying  the  malt  the  great  point  to  be 
observed  is  the  maintenance  of  a  perfectly  even 
temperature,  so  that  the  whole  of  the  malt 
drying  should  be  at  any  given  moment  of  the 
same  uniform  temperature.  Xow  it  is  impos- 
sible to  obtain  such  a  result  with  a  single-floor 
kiln,  as  great  a  difference  as  75=  having  been  ob- 
served between  two  given  portions  of  malt  on 
the  same  kiln  floor,  and  this  in  a  house  sup- 
posed to  be  constructed  on  the  best  principles, 
but  having  a  single-floor  kiln.  However,  by  fre- 
quent turning  this  defect  can  be  obviated  to  a 
certain  extent. 

The  process  of  drying,  from  time  of  going  on 
to  coming  off  kiln,  usually  occupies  about  4  days, 
and  is  distributed  as  follows  : 

1st  day  not  below  80°  or  above  100° 
2"<1    ,.  „     90°        „  110° 

3nl    „  „    120°        „  U0° 

4th    .,  „    140°        „  180-185° 

For  the  first  t  .vo  days  the  malt  shoulil  on  no 
account  be  turned,  but  the  surface  forked  over 
lightly  if  needed.  After  the  second  dav,  on 
single-floor  kilns,  the  malt  should  be  turned 
at  frequent  intervals.  Medium  and  high  dried 
malts  are  finished  off  at  much  higher  tempera- 
tures, ranging  from  200°  to  230°  and  upwards. 

As  soon  as  tlie  temperature  gets  up  to  the 
final  point  this  heat  is  in  a  great  many  maltings 
maintained  only  for  one  or  two  hours.  This  is 
a  great  mistake ;  there  can  bo  no  doubt  that  the 
longer  the  malt  is  exposed  to  a  high  heat,  the 
sounder  and  better  keeping  will  be  the  resulting 
beer.  The  final  heat  might  certainly  be  attained 
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iu  a  shorter  time  than  it  usually  is,  and  the 
malt  might  be  exposed  to  this  heat  for  at  least 
6  hours  without  undergoing  any  darkening  in 
colour  whatever. 

Much  the  same  method  is  pursued  in  the 
drying  of  the  malt  on  double-floor  kilns  as  on 
single.  The  malt  is  first  loaded  on  to  the  top 
floor,  where  it  is  kept  at  a  temperature  not  ex- 
ceeding 120°  until  about  90  p.c.  of  the  moisture 
is  driven  off.  It  is  then  drojiped  through  doors  or 
holes  to  the  lower  floor,  where  it  is  finally  dried 
off  at  a  temi^erature  of  from  180-190^  or  more, 
and  the  same  heat  and  air  that  effect  this  are 
in  fact  the  very  best  possible  to  drive  off  the 
moisture  from  the  upper  floor,  which  in  the 
meantime  will  have  been  loaded  with  a  fresh 
piece. 

Kecently  a  new  form  of  kiln,  known  as 
Free's  Patent  Malt  Kiln,  has  been  devised,  and 
which  is  said  to  give  excellent  results.  This 
system  consists  iu  the  rapid  removal  of  the 
moisture  from  the  malt  when  first  put  on  kiln, 
by  increasing  the  draught  of  warm  air  through 
the  layer  of  malt,  and  depends  on  the  one  con- 
dition that  the  kiln  should  be  practically  an  air- 
tight chamber.  At  the  apex  of  the  kiln  is  a 
shaft  into  the  shoulder  of  which  is  fitted  a 
Blaclanan  air-propeller.  As  soon  as  the  green 
malt  is  loaded  on  the  kiln  this  air-propeller  is 
caused  to  revolve  at  a  very  rapid  rate  and  the 
motion  thus  produced  is  so  great  that  a  partial 
vacuum  is  formed  in  the  kiln  and  the  moisture 
is  accordingly  drawn  away  quickly  from  the 
malt  without  any  of  the  accompanying  reek  so 
prevalent  in  ordinary  kilns.  It  is  claimed  that 
by  this  means  the  actual  drying  of  the  malt  is 
accomplished  in  much  less  time  than  by  the 
ordinary  methods,  at  a  higher  temperature  and 
more  perfectly  than  heretofore. 

It  is  hardly  necessary  to  say  that  in  the 
process  of  kilndrying,  where  the  temperature  is 
the  important  factor,  several  thermometers  placed 
on  each  floor  are  absolutely  indispensable. 

The  malt,  after  it  is  finished  drying,  has  yet 
to  be  freed  from  the  radicles  or  '  combes.'  This  is 
accomplished  by  its  being  well  trodden  by  men 
furnished  with  heavy-soled  boots ;  the  radicles 
ai'e  thus  detached  from  the  corns,  and  by  p)assing 
the  malt  over  a  '  water-fall '  malt  screen  it  is 
completely  freed  from  these  as  well  as  from 
some  of  the  adhering  dust.  In  some  maltiugs, 
previous  to  being  trodden  the  malt  is  heaj^ed  up 
in  the  centre  of  the  floor  and  remains  so  over- 
night with  the  fire  well  banked  u]p. 

We  may  get  a  very  fair  idea  of  the  tempera- 
ture at  which  the  malt  has  been  dried  by  observ- 
ing the  colour  of  the  combes.  The  higher  the 
temperature  the  more  highly  coloured  they  be- 
come ;  indeed,  where  it  is  almost  impossible  to 
observe  any  difference  in  the  colour  of  two  malts 
dried  at  different  temperatures,  an  examina- 
tion of  the  combes  from  these  malts  shows  it  at 
once. 

21.  Storing.  After  freeing  from  the  combes 
by  screening,  malt  is  usually  stored  away  in  bins 
for  some  weeks  previous  to  use  in  the  brewery. 
The  floor,  sides,  and  top  of  these  bins  should  be 
made  of  good  seasoned  wood  and  lined  with 
sheet  zinc.  These  bins  are  usually  built  in  the 
driest  part  of  the  malt-house  ;  this  would  natu- 
rally be  in  the  neighbourhood  of  the  kiln,  and 


it  should  be  ijrotected  as  much  as  possible  from 
draughts. 

During  this  storage  of  the  malt  previous  to 
use  some  change  certainly  takes  place  in  its 
nitrogenous  constituents ;  in  technical  language, 
'  the  fire  is  taken  out  of  it  and  the  malt  becomes 
mellow,'  but,  whatever  these  changes  are,  nothing 
is  known  about  them  ujj  to  the  jwesent.  All  that 
can  be  said  is  that  it  has  been  found  decidedly 
unadvisable  to  use  any  malt  for  brewing  p)urposes 
until  it  has  been  stored  for  at  least  six  weeks 
from  time  of  coming  off  the  kiln. 

22.  Characteristics  of  malt.  The  following 
are  the  characteristics  of  a  good  malt  as  given 
by  Stopes  : — 

1.  Growth.  The  malt  should  be  evenly 
grown,  the  acrospire  showing  between  two-thirtls 
to  three-fourths  up  the  back ;  any  malt  which 
contains  many  corns  showing  the  acrospire  pro- 
truding should  be  rejected.  On  the  other  hand, 
it  should  also  not  contain  more  than  4  p.c.  of 
ungerminated  corns. 

2.  Slackness  or  moisttcre.  This  will  vary  to 
a  slight  extent  with  the  age  of  the  malt,  but  on 
the  average,  malt  should  not  contain  more  than 
3  p.c.  of  moisture. 

3.  Age.  Malt  is  at  its  best  from  six  weeks  to 
four  months ;  after  that  time,  under  ordinary 
conditions  of  storage,  it  gradually  absorbs  mois- 
ture and  becomes  more  or  less  slack. 

4.  Odour.  Good  malt  should  have  a  pleasant 
well-known  aroma  peculiar  to  itself. 

5.  Condition.  This  will  depend  a  good  deal 
upon  the  quality  of  the  barley.  Good  barley 
badly  managed  may  p)roduce  a  bad  malt,  but  a 
bad  barley  will  never  produce  a  good  malt. 
Good  malt  should  be  tender  and  friable  when 
broken,  and  should  bite  crisp  and  crumble 
readily  under  the  teeth. 

G.  Cleanliness.  Malt  should  be  compara- 
tively free  from  mould  and  dust  as  well  as  root- 
lets and  inorganic  refuse. 

7.  Flavour.  The  flavour  of  malt  is  derived 
from  influences  of  gro'svth  and  of  drying ;  it 
should  possess  a  pleasant,  mellow,  sweetish 
taste,  free  from  rawness  on  the  one  hand  and 
bitterness  on  the  other. 

Such  are  the  characteristics  of  a  good  malt 
so  far  as  can  be  determined  by  the  eye,  but 
these  should  always  be  supplemented  by  a  com- 
plete chemical  analysis.'  By  this  means  we 
may  obtain  the  following  results  for  malt : — 

I.  Actual  composition : 

a.  Starch  products,  as  dextrin  and  maltose. 

b.  Cane  sugar. 

c.  Other  sugars. 

d.  Total  albuminoids  soluble  after  boiling. 
c.  Ash. 

/.  Moisture. 

g.  Insoluble  matters  or  grains. 

II.  Relative  diastatic  capacity. 

III.  Specific  rotatory  power. 

There  can  be  very  little  doubt  that  a  brewer 
ought  to  have  a  fair  idea  of  the  constituents  of 
his  malt  before  commencing  to  mash  with  it, 
for  from  such  an  analysis  as  given  above  he  will 

'  For  full  details  of  latest  methods  of  analyses  of  mnlt, 
worts,  and  beer,  v.  Heron,  The  Polariscope  and  Its  Ap|ili- 
rations  to  Brewing,  S.  0.  I.  188S;  al§o  Transactions  of 
Laboratory  Club,  1,  97. 
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be  iu  a  position  to  predicate  very  fairly  what 
kind  of  wort  and  beer  his  malt  is  going  to  pro- 
duce, and  so  be  enabled  to  control  not  only  ! 
his  mashing  process  but  all  subsequent  opera- 
tions. 

Other  descriptions  of  malt,  in  addition  to  the 
kind  we  have  hitherto  been  considering,  are 
made  and  used.    These  are  : 

Brown  or  porter  malt. 

Amber  malt. 

Black,  roasted,  chocolate,  or  patent  malt. 

Brown  and  amber  malt  are  prepared  prac- 
tically in  the  same  way  as  ordinary  malt  until  I 
they  go  on  kiln.    Here  they  are  dried  at  a  much  | 
higher  temperature,  and  wood  is  largely  used  for 
the  purpose  instead  of  coal  or  coke. 

Black  malt  is  simply  ordinary  malt  which  is 
roasted  in  exactly  the  same  way  as  coffee  berries 
are.    '  A  sami^le  of  properly  roasted  malt  is  ] 
uniform  in  colour,  of  a  chocolate  hue,  not  black,  ' 
and  each  corn  clear  and  clean.    If  it  is  black,  , 
with  the  corns  burst,  and  especially  if  matted  or  | 
run  together,  it  is  of  a  most  inferior  kind,  and  ^ 
neither  good  flavour  nor  permanent  colouring 
can  be  expected  from  it.'  I 

23.  Malt  adjuncts.    These  may  be  divided 
into  two  classes.    First,  those  substances  from 
which  the  extract  has  to  be  obtained  by  the 
mashing  process,  and  second,  those  in  which  the  I 
extract  is  already  formed. 

Class  I.  Several  grains  of  cereals  other  than 
barley  have  been  prepared  for  brewing  purposes, 
either  by  malting  or  subjecting  to  the  action  of 
heat  in  some  way  or  other.  The  principal  of 
these  which  are  at  present  used  as  substitutes 
for  malt  either  in  a  prepared  form  or  in  the  raw 
state  are  maize  malt,  germless  maize,  gelatinised 
maize,  gelatinised  rice,  torrefied  grain  or  white 
malt,  and  in  the  raw  state  barley,  rice,  and 
maize.  When  using  any  of  these  substances  for 
brewing  purposes  certain  proportions  of  them 
are  either  mixed  with  the  malt  in  the  mash  tun, 
or  else  the  starch  contained  in  them  is  first  gela- 
tinised in  a  separate  vessel  and  rendered  soluble 
by  the  addition  of  a  little  malt,  and  afterwards 
added  to  or  sparged  over  the  goods  in  the  mash  ' 
tun.  I 

Class  II.  Under  this  head  are  included  ordi-  \ 
nary  cane  sugar,  invert  sugar,  glucose  or  starch  j 
sugar,  and  dextrin-maltose. 

Eaw  cane  sugar  cannot  be  recommended  as  a 
brewing  material,  owing  to  the  large  quantities 
of  impurities  of  a  dangerous  character  which  are 
always  present. 

Eeliued  cane  sugar  is  used  to  a  certain  extent, 
but  before  it  can  undergo  fermentation  it  has  ' 
lirst  to  be  hydrated  or  inverted  by  a  peculiar  > 
unorganised  ferment  contained  in  the  yeast  and 
termed  invertase,  and  as  this  reaction  tends  to 
weaken  the  yeast  to  a  certain  extent  as  well  as 
favour  the  production  of  lactic  acid,  it  has  been 
found  more  advantageous  to  use  cane  sugar 
which  has  been  previously  inverted.  This  is 
done  by  means  of  sulphuric  acid,  wliich  is  after- 
wai'ds  neutralised  with  calcium  carbonate,  and 
the  inverted  sugar  freed  from  the  calcium  sul- 
phate by  filtration  is  further  purified  by  being 
passed  over  animal  charcoal,  and  then  boiled 
down  under  diminished  pressure  to  a  thick 
syrup,  iu  which  state  it  is  sent  out  by  the 
manufacturer. 


24.  Hops.  The  hop  plant  belongs  to  the  nettle 
family,  and  is  a  perennial  cUmbing  or  rather 
twining  plant.  It  is  found  in  the  wild  state  all 
over  Europe,  and  is  propagated  not  by  seed  but 
by  sets  or  suckers  thrown  up  from  the  root, 
which  is  perennial,  the  stems  dying  down  at 
the  approach  of  winter,  and  fresh  ones  coming 
up  each  spring  and  often  attaining  a  height  of 
thirty  feet  or  even  more.  The  hop  plant  bears 
two  distinct  kinds  of  flowers,  male  and  female, 
and  these  flowers  again  arc  produced  on  distinct 
plants ;  of  these  only  the  plant  bearing  fe- 
male flowers  is  cultivated,  the  male  plant  being 
rigidly  excluded  from  most  hop  plantations. 
The  flowers,  which  are  the  only  parts  of  the 
plant  of  any  use  to  the  brewer,  occur  in  the 
form  of  peduncles  or  cones,  consisting  of  a  series 
of  scales  or  carpels  lying  above  each  other  so  as 
to  form  a  cone.  On  the  inner  side  and  on  the 
lower  edge  the  carpel  is  turned  over  and  incloses 
at  first  the  female  flower  and  afterwards  the 
fruit  developed  from  the  flower.  The  fruits  of 
the  hop  are  round  hard  granules  or  little  nuts  ; 
these  fruits  and  the  inner  sides  of  the  scales  are 
thickly  covered  with  a  fine  yellow  dust — the  so- 
called  lupuhn.  Under  the  microscope  this  dust 
is  seen  to  consist  of  numberless  granules,  these 
granules  being  composed  of  glands,  which  are 
formed  by  the  union  of  several  simple  cells. 
These  glands  are  hollow,  and  this  hollow 
space  is  filled  with  hop  oil,  resin,  bitter  prin- 
ciple, &c. 

As  a  rule,  the  value  of  the  hop  may  roughly 
be  determined  by  the  quantity  of  lapulin  it 

contains. 

Hops  are  principally  cultivated  in  the  coun- 
ties of  Kent,  Surrey,  Sussex,  and  Worcester. 
The  Kent  hops  are  in  much  repute,  and  more 
especially  that  variety  known  as  Golding,  being 
rich  and  deUcate  in  flavour ;  the  Sussex  hops 
are  somewhat  coarser  in  flavour  than  Kent,  and 
perhaps  do  not  present  such  a  pleasing  appear- 
ance to  the  eye,  but  nevertheless  are  good  useful 
hops  for  running  beers  or  for  mixing  with  Kents 
for  higher-class  ales. 

Worcester  hops  are  milder  than  the  above, 
and  in  some  breweries  much  preferred  to  any 
other.  Of  late  years  bad  seasons  and  the  attack 
of  the  hop-aphis  have  done  much  to  deteriorate 
the  quality  of  English  hops,  so  that  at  present 
large  quantities  are  imported  from  Germany  and 
America ;  but  foreign  hops  lack  that  delicate 
aroma  and  flavour  peculiar  to  English  growth, 
and  are  as  a  rule  only  used  for  the  lower  quality 
beers.  Hops,  in  order  to  be  kept  for  any  appre- 
ciable time,  require  to  be  thoroughly  dried ;  the 
hop  cones,  after  they  are  picked,  are  spread  out 
on  the  floor  of  a  kiln,  where  they  are  dried  by 
artificial  heat.  Sulphur  is  often  sprinkled  on 
the  kiln  fires,  and  the  sulphurous  acid  gas  thus 
produced  passing  through  the  hops  bleaches 
them,  so  that  hops  naturally  dark  in  colour  or 
unsightly  in  appearance  are  rendered  more 
pleasing  to  the  eye  and  fetch  a  higher  price. 
Thausing  claims  that  it  is  decidedly  beneficial 
to  subject  hops  to  the  sulphuring  process  on 
kiln ;  but,  unless  where  the  mildew  and  other 
parasitic  diseases  have  made  tlieir  appearance, 
sulphuring  is  decidedly  injurious  as  well  as  en- 
courages fraud.  On  the  other  hand,  it  seems 
to  be  a  pretty  general  custom  nowadays  to 
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sprinkle  the  hop  jolants  whilst  growing  with 
flowers  of  sulphur,  to  prevent  or  destroy  certain 
diseases  which  attack  the  plants  at  various 
stages  of  their  growth— such  as  mildew  and 
blight — but  it  is  evident  that  very  little  of  this 
is  to  be  found  on  the  hop  cones  after  picking ; 
but  even  if  any  should  remain  adherent,  being 
present  as  free  sulphur  it  can  have  little  or  no 
effect  on  the  constituent  principles  of  the  hop. 

In  order  to  estimate  the  value  of  hops  with- 
out having  recourse  to  analysis,  the  following 
physical  features  may  be  taken  into  considera- 
tion :  the  fineness  of  the  aroma,  the  proportion 
of  lupuline  which  the  cones  contain,  the  pro- 
portion of  stalk,  seeds,  and  impurities  which 
accompany  the  hops,  and  the  general  appearance 
of  the  cones  themselves. 

25.  Chemical  composition  of  hops.  Hops  con- 
tain, besides  cellulose,  woody  fibre,  watei',  and 
ash,  certain  substances,  more  or  less  soluble  in 
boiling  water,  and  which  give  that  agreeable 
bitter  and  aromatic  flavour  to  beer.  These  con- 
sist of  hop  oil,  resins,  bitter  substance  and 
tannin,  but  up  to  the  present  very  little  is  known 
of  any  of  these  bodies. 

The  hop  oil  is  an  essential  oil,  giving  to 
the  hop  its  characteristic  agreeable  smell.  It  is 
present  to  the  extent  of  about  0-8  p.c.  in  the 
glands  of  the  hop  cone,  and  may  be  obtained 
by  distillation  in  a  current  of  steam,  the  volatile 
oil  floating  upon  the  surface  of  the  condensed 
water  in  the  receiver,  from  which  it  may  be 
separated  by  decantation.  During  the  boiling 
of  the  hops  with  the  wort  in  the  copper  the 
greater  portion,  if  not  all,  of  this  oil  becomes 
volatilised  and  lost  to  the  brewer  ;  hence  a  pro- 
cess has  been  recently  introduced  for  extracting 
this  oil  from  the  hops  previous  to  boiling,  and 
afterwards  adding  it  either  to  the  wort  before 
ordinary  fermentation  or  to  the  finished  beer. 

When  obtained  from  fresh  hops,  the  oil  has 
a  light  yellow  colour,  hot  burning  taste,  and 
agreeable  aromatic  smell.  It  is  only  slightly 
soluble  in  water,  but  freely  so  in  alcohol,  ether, 
and  light  petroleum.  Not  only  is  the  hopi  oil 
volatilised  at  temperature  of  boiling  water,  but 
also  slowly  at  ordinary  temperatures  and  by  ex- 
posure to  air  is  easily  oxidised  into  volatile  acids, 
especially  valerianic  acid,  to  the  presence  of 
which  the  peculiar  odour  found  in  old  hop)S  is  due. 

This  hop  oil  is  generally  found  intimately 
mixed  up  with  resin,  which  it  seems  to  be  capable 
of  dissolving  to  a  certain  extent.  It  seems  very 
probable  that  the  resins  of  the  hop  (three  of  which 
have  been  determined)  are  the  results  of  the  oxi- 
dation on  the  one  hand  of  the  hop  oil,  and  on  the 
other  of  an  organic  acid.  Bungener  (Bl.  45,  9), 
who  has  isolated  it  from  hops  and  studied  its 
properties,  has  termed  it  lupulinic  acid.  Hay- 
duck  (WochenschriftfiirBrauerei,  1887,  347)  has 
detected  three  different  resins  in  hops — one  a  soft 
resin,  precipitable  by  lead  acetate  and  soluble  in 
petroleum  ether;  a  secondalso  soft  resin,  soluble 
in  petroleum  ether,  but  not  precipitable  by  lead 
acetate;  and  a  third  one  hard  and  solid,  not 
soluble  in  petroleum  ether  and  not  precipitable 
by  lead  acetate.  Experiments  made  by  Hayduck 
show  that  the  second  of  these  resins  is  identical 
with  the  soft  resin  formed  by  the  oxidation  of 
Bungener's  lupulinic  acid,  whilst  the  third  resin 
is  due  to  the  oxidation  of  hop  oil.  Hayduck 


also  shows  that  the  soft  resins  possess  highly 
antiseptic  properties,  whilst  the  hard  one  cliecks 
to  a  certain  extent  the  rapidity  of  fermentation. 
It  was  found  that  when  these  resins  were  re- 
peatedly extracted  with  water  the  aqueous  solu- 
tion gradually  decreased  in  antisep)tic  power ; 
hence  it  clearly  tends  to  show  the  unadvisability 
of  boiling  hops  more  than  once,  since  the  first 
boiling  would  probably  extract  the  greater  por- 
tion of  the  soft  and  more  soluble  resin. 

The  tannic  acid  which  occurs  in  hops  is  a 
fawn-coloured  powder,  easily  soluble  in  water 
and  weak  alcohol  but  insoluble  in  ether.  In 
aqueous  solution  it  gives  a  dark-green  coloura- 
tion with  ferric  chloride,  and  possesses  the  pro- 
perty of  precipitating  in  flocks  the  albuminous 
bodies  of  inalt  wort.  It  is  therefore  an  eminently 
useful  substance  in  the  manufacture  of  beer. 
From  the  foregoing  it  will  be  readily  seen  that 
really  the  only  substances  in  hops  of  any  use  to 
the  brewer  are  the  soft  resins  and  tannic  acid. 
These  soft  resins  are  readily  oxidised  into  the 
hard  and  insoluble  variety,  while  tannic  acid  is 
capable  of  being  converted  in  like  manner  into 
gallic  acid,  a  substance  possessing  very  few  of 
the  properties  of  tannic  acid.  It  is  not  then 
a  matter  of  surprise  to  assert  that  old  hops 
are  of  little  or  no  value,  for  considering  the 
loose  manner  in  which  they  are  housed  in  most 
breweries,  subject  to  every  variation  of  tempera- 
ture and  freely  exposed  to  the  air,  changes  in 
the  composition  of  the  active  principles  must  of 
necessity  take  place  in  a  more  or  less  rapid  time, 
rendering  them  eventually  of  little  or  no  value 
to  the  brewer.  Therefore,  in  order  that  hops 
may  retain  to  a  certain  extent  those  active 
principles  intact  for  an  appreciable  time,  they 
should,  after  drying  and  pressing,  be  packed  in  air- 
tight tin  cases,  which  should  not  be  opened  until 
the  hops  contained  therein  are  required  for  use. 

26.  Yeast  and  fermentation.  Before  the 
classical  researches  of  Pasteur  various  theories 
were  advanced  to  account  for  the  phenomena 
connected  with  fermentation,  but  he  was  the 
first  chemist  who  proved  that  the  process  of 
fermentation  was  due,  not  to  a  peculiar  proto- 
plasmic substance  secreted  by  the  yeast  fungus, 
but  that  the  presence  of  the  plant  itself  in  the 
saccharine  liquid  is  essential  to  alcoholic  fer- 
mentation, and  that  the  yeast  cells  have  the 
power,  in  the  absence  of  the  oxygen  of  the  air, 
of  splitting  up  sugar  into  alcohol  and  carbonic 
acid,  and  deriving  the  oxygen  necessary  for  their 
support  and  nourishment  by  that  means. 

Pasteur  has  shown  that  easily  fermented 
saccharine  solutions  can  remain  for  years  with- 
out decomposing,  even  when  the  air  has  access 
to  them,  provided  that  the  living  germs  which 
were  originally  present  in  those  solutions  be  first 
destroyed  by  heat,  and  that  care  be  taken  not  to 
let  any  but  absolutely  pure,  that  is,  germ-free 
air  enter  those  solutions  afterwards.  But  the 
moment  impure  air  was  allowed  to  enter  the 
liquid,  or  the  minutest  portion  of  living  yeast, 
fermentation  was  rapidly  set  up. 

Pasteur  has  also  shown  that  associated  with 
ordinary  yeast  are  to  be  found  in  most  fermenta- 
tions and  beers  a  great  number  of  organisms  of 
quite  a  difl'erent  appearance  and  character  to 
yeast  cells,  and  which  may  all  be  classed  under 
the  general  term  of  bacteria,  and  he  proved  most 
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conclusively  that  these  organisms  are  capable  of 
and  do  give  rise  to  the  various  diseases  to  which 
beeris  subject.  Or  in  other  words,  that,  in  addition 
to  the  healthy  fermentation  of  saccharine  solu- 
tions carried  on  by  sound  yeast,  these  other 
organisms,  if  present,  are  also  capable  under 
certain  conditions  of  carrying  on  fermentations 
which  give  rise  to  products  other  than  alcohol 
and  carbonic  acid.  Hence  these  bacteria  or  false 
ferments  have  been  classified  and  named  accord- 
ing to  the  functions  they  fulfil  or  the  products 
they  give  rise  to. 

Those  organisms  which  induce  alcoholic 
fermentations  in  a  saccharine  solution  are  known 
under  the  general  name  of  saccharomyces,  and 
since  under  normal  conditions  they  reproduce 
themselves  by  gemmation  or  budding,  they  have 
been  assigned  to  that  division  of  the  great  fungus 
group  known  as  budding  fungi.  In  brewing 
technology  they  are  known  under  the  general 
term  yeast.  Yeast  cells  are  either  single  or  occur 
in  groups  or  strings  ;  each  cell  consists  of  a  thin- 
walled  sac  or  bag  containing  a  semi-fluid  matter, 
in  the  centre  of  which  there  is  often  a  space  full 
of  a  more  clear  and  watery  fluid  than  the  rest, 
which  is  termed  a  vacuole.  The  sac  is  com- 
paratively tough,  but  it  may  easily  be  burst,  when 
it  gives  exit  to  its  contents,  which  readily  diffuse 
themselves  through  the  surrounding  fluid.  The 
whole  structure  is  called  a  cell,  the  sac  being  the 
cell  wall  and  the  contents  the  protoplasm. 
Under  a  high  magnifying  power  each  cell  is  seen 
to  be  round  or  oval,  and  on  the  average  about 
;j-l;gth  of  UTi  luch  In  diameter.  An  agglomeration 
of  such  cells  is  technically  termed  yeast,  and  to 
the  naked  eye  appears  as  a  thick  slimy  cream- 
coloured  fluid,  from  which  all  the  moisture  can 
be  pressed,  and  the  residue  dried  at  a  low  tem- 
perature to  a  powdery  mass  without  losing  its 
vitality  ;  but  if  heated  in  the  moist  state  to  the 
tcniperaturo  of  boiling  water,  its  fermentative 
power  is  completely  destroyed.  Fermentation 
which  has  already  commenced  in  a  saccharine 
liquid  can  be  stopped  by  boiling  it. 

When  a  minute  quantity  of  yeast  is  added  to 
some  malt  wort  which  has  previously  been 
filtered  bright,  and  is  then  kept  in  a  glass  flask 
at  a  temperature  of  about  70°F.,  after  a  few 
hours  bubbles  of  gas  will  be  seen  to  rise  to  the 
surface  of  the  liquid,  which  gradually  becomes 
more  and  more  turbid,  and  later  on  a  sediment 
will  be  observed  at  the  bottom  of  the  flask  or  a 
scum  may  collect  at  the  surface,  carbonic  acid 
gas  being  copiously  evolved.  If  the  yeast  cells 
be  carefully  examined  under  the  microscope  from 
time  to  time  whilst  this  is  going  on,  it  will  be 
noticed  that  at  first  the  vacuoles  which  were 
present  in  every  cell  gradually  disappear,  each 
cell  becoming  full  and  rounded  in  appearance 
owing  to  the  absorption  through  its  cell  wall  of 
certain  nourishing  substances  from  the  wort. 
Soon  minute  little  buds  will  be  noticed  jutting 
out  from  the  sides  of  the  cells  ;  these  buds  rapidly 
grow  and  soon  assume  the  size  of  the  parent 
cell,  from  which  they  finally  become  detached, 
but  not  before  they  in  their  turn  have  developed 
other  buds,  and  these  yet  others,  thus  giving  rise 
to  those  groups  or  strings  of  cells  w-hich  are 
sometimes  seen  under  the  microscope.  This 
cell  reproduction  and  growth  is  due  then  to  the 
nourishment  which  the  yeast  derives  from  the 


wort,  but  for  some  time  after  the  yeast  cell  con- 
I  tinucs  to  produce  any  buds,  and  even  after  tho 
]  rupture  takes  place  between  the  parent  cells  and 
i  the  resulting  daughter  cells,  the  former  still 
continue  to  absorb  various  substances  from  the 
j  liquid.    This  may  be  looked  upon  as  a  kind  of 
fattening  process,  and  is  due  to  the  assimilation 
by  the  yeast  of  certain  nitrogenous  matters  con- 
tained in  the  worts.    Hence,  the  process  of  fer- 
mentation of  malt  worts  may  be  regarded  as 
first  an  absorption  of  carbohydrate  substance  by 
[  the  yeast  cell,  the  transformation  of  this  sub- 
I  stance  into  alcohol  and  carbonic  acid,  whilst  at 
the  same  time  the  oxygen  derived  from  this 
decomposition  enables  the  yeast  cell  to  thrive 
and  grow  and  to  put  forth  buds. 

When  this  period  of  growth  is  accomplished  a 
fattening  of  the  cells  takes  place  at  the  expense 
of  certain  nitrogenous  substances  known  as 
!  amides ;  if  these  be  not  present,  no  fattening 
takes  place,  and  the  yeast  becomes  starved,  as  it 
were,  and  perishes;  if,  on  the  other  hand,  there  bo 
a  large  excess  of  these  nitrogenous  matters  in  the 
worts,  the  yeast  cells  become  overfed,  and  their 
capacity  for  reproduction  considerably  dimin- 
ished, for  it  has  been  found  that  the  power  of  mul- 
tiplication and  the  formation  of  new  cells  de- 
creases with  the  i)icrease  of  nitrogen  in  the  yeast. 

As  a  matter  of  fact,  a  wort  produced  entirely 
from  malt  contains  a  very  large  excess  of  these 
assimilable  nitrogenous  substances,  therefore  it 
has  been  found  advantageous  by  brewers  to  re- 
place a  certain  proportion  of  the  malt,  generally  i 
to  ~,  by  invert  sugar  or  some  other  form  of  sac- 
charine substance  devoid  of  nitrogenous  bodies. 

Not  only  has  Pasteur  established  the  fact 
that  fermentation  is  due  to  the  development  and 
growth  of  yeast  in  saccharine  solutions,  but  he 
I  also  has  shown  that  there  are  several  distinct 
species  of  yeast, ^each  one  differing  from  the 
other  in  functions  and  properties,  and  of  the 
several  species  which  are  capable  of  inducing 
alcoholic  fermentation  he  identified  the  following 
as  being  present  in  malt  worts  in  addition  to 
that  species  known  as  Sacclwromijccs  ccrevisue, 
the  true  beer  ferment,  Saccharomi/ccs  pastori/iu  us, 
S.  cllipsoideiis,  S.  e.rigiiiis,  and  S.  ajnculutiis. 
These  he  found  were  always  jiresent  in  the  atmo- 
I  sphere  as  well  as  on  the  surface  of  all  fruits,  so 
that  if  some  sweet  wort  be  freely  exposed  to  the 
air  it  will  in  the  course  of  a  few  hours  manifest 
all  the  signs  of  alcoholic  fermentation ;  but,  in 
addition  to  these  various  species  of  yeast,  spores 
!  of  bacteria  and  moulds  will  also  manifest  them- 
selves and  develop,  so  that  after  a  few  days,  if 
'  left  to  itself,  this  wort  becomes  quite  turbid,  is 
'  covered  with  a  thin  film,  emits  a  disagreeable 
smell,  and  soon  putrefies.  Hence  the  necessity 
for  boiling  the  wort  before  fermentation;  by  this 
means  all  the  spores  which  may  have  been  pre- 
sent, derived  in  great  part  from  the  surface  of 
barley  or  malt,  are  killed  and  the  wort  rendered 
free  from  all  foreign  germs,  and  ready  to  undergo 
a  true  yeast  fermentation. 

But  although  Tastcur  has  directed  attention 
to  the  presence  of  these  other  forms  of  saccharo- 
myces or  wild  yeasts,  as  they  are  now  termed,  in 
fermenting  worts  and  beer,  he  does  not  teU  us 
how  to  introduce  into  the  liquid  about  to  be  fer- 
mented a  seed  yeast  which  is  really  free  from 
all  such  forms  of  wild  yeast.    This  work  was 
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reserved  for  Plansen,  and  was  brought  to  a  most 
successful  issue  by  him.  He  started  with  the 
idea  of  cultivating  a  crop  of  yeast  from  a  single 
selected  yeast  cell,  and  pure  yeast  thus  ijrocured 
was  first  used  for  brewing  purjioses  at  old  Carls- 
berg  Brewery,  near  Copenhagen,  in  1883  (Med- 
delelserfra  Carlsbcrg  Laboratoriet,  1881).  Since 
then,  carefully  selected  types  of  yeast  from  pure 
cultures  on  this  method  have  been  introduced 
into  all  the  leading  breweries  of  Denmark,  Nor- 
way, and  Bavaria,  with  the  most  marked  success. 
So  far,  all  the  work  that  has  been  done  with  pure 
yeast  relates  to  that  particular  variety  which  is 
employed  on  the  Continent  and  known  as  bottom 
yeast  or  low  fermentation  yeast,  so  called  be- 
cause the  fermentation  is  there  cairied  on  at  a 
low  temperature  (47°F.  or  even  lower),  and  is  a 
slow  process  extending  over  some  weeks,  during 
which  the  yeast  sinks  to  the  bottom  of  the  vats 
or  casks,  in  contradistinction  to  the  English 
method  of  fermentation  termed  high  fermenta- 
tion, and  the  yeast,  top  yeast,  because  here  the 
process  is  conducted  at  a  high  temperature  com- 
mencing at  about  CO°F.  and  running  up  to  70'^'F.  or 
more,  so  that  the  fermentation  is  much  more  rapid 
and  the  yeast  thus  ijroduced  rises  to  the  surface 
and  works  out  of  the  bunglioles  of  the  casks  or  is 
skimmed  off  the  surface  of  the  fermenting  tuns. 

Nothing  has  yet  been  practically  done  in 
England  on  the  large  scale  in  the  way  of  pure 
yeast  cultivation,  although  several  experiments 
have  been  made  in  this  direction  at  Burton-on- 
Trent  with  different  species  of  pure  yeast,  but 
there  are  yet  many  difficulties  connected  with 
the  English  system  of  brewing  to  be  overcome, 
and  from  which  our  continental  neighbours  are 
exempt.  However,  '  sufficient  has  already  been 
done  to  prove  that  in  ordinary  brewery  yeast  we 
(English  brewers)  also  possess  a  mixture  from 
which,  by  Hansen's  method,  several  varieties  of 
S.  cerevisicE  can  be  separated,  which  cannot 
microscopically  be  distinguished  from  each 
other,  but  which  when  used  upon  a  practical 
scale  give  entirely  different  results,  both  as  to 
flavour,  brightening,  attenuation,  and  mode  of 
separation  of  the  yeast.  Experiments  have  also 
shown  that  these  characteristics  can  be  main- 
tained unimpaired  throughout  a  very  great 
many  successive  fermentations  in  the  brewery  ' 
(Morris,  S.  C.  I.  1887,  p.  113). 

Hansen  found  that  particular  forms  of  disease 
which  manifest  themselves  in  beers  after  it  has 
been  stored  in  cask  are  due  to  the  presence  of 
species  of  wild  yeast  (Meddelelser  fra  Carlsberg 
Laboratoriet,  1883),  and  notably  to  certain  varie- 
ties of  S.  jMstorianus,  but  he  has  also  shown 
that  if  these  wild  types  are  present  to  the  extent 
of  not  more  than  2-5  p.c.  on  the  total  quantity 
of  yeast,  they  do  not  develop  their  particular 
form  of  disease.  Brown  and  Morris  (Non-crys- 
tallisable  Products  of  the  Action  of  Diastase 
upon  Starch,  C.  J.  1885,  569)  have  found 
that  some  of  these  '  wild  types  of  yeast,'  S.jxis- 
torianus  and  S.  ellipticus,  which  with  other 
species  constitute  the  secondary  ferments  of  our 
high  fermentation  beers,  are  capable  of  first 
hydrolysing  the  dextrin  to  maltose  and  then 
fermenting  it,  and  these  results  have  been  fully 
confirmed  by  the  author  on  the  large  scale  in 
the  brewery.  It  is  perfectly  certain  that  the 
'  sick  frets'  and  other  diseases  which  prevail  in 
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summer  time  amongst  certain  kinds  of  beer,  are 
due  to  the  presence  in  large  quantity  of  tliese 
wild  yeast  types  in  the  beer. 

As  we  have  seen,  the  microscope  does  not 
enable  us  in  some  instances  to  differentiate  one 
form  of  yeast  from  that  of  another,  and  in  order 
to  be  able  to  do  this  some  other  method  must 
be  resorted  to.  It  has  long  been  noticed  by 
many  observers,  more  especially  by  Eees,  Engel, 
and  Brefeld,  that  under  certain  conditions  the 
yeast  cell,  instead  of  throwing  out  a  bud  multi- 
plies itself  in  another  way,  its  protoplasm  divides 
itself  into  four  masses  termed  asoospores,  each 
of  which  surrounds  itself  with  a  cell  wall,  and 
the  whole  are  set  free  by  the  dissolution  of  the 
cell  wall  of  the  parent. 

Hansen  found  that  the  ordinary  bottom  fer- 
mentation yeast  only  formed  spores  at  25°C. 
after  some  days,  whilst  the  wild  forms  are 
capable  of  forming  ascospores  at  this  tempera- 
ture in  a  few  hours,  and  upon  these  results 
Holm  and  Poulsen  (Meddelelser  fra  Carlsberg 
Laboratoriet,  1886)  have  based  a  method  for  the 
practical  analysis  of  brewer's  yeast.  The  method 
of  procedure  is  as  follows.  A  small  quantity 
of  the  yeast  to  be  examined  is  spread  on  a  small 
sterilised  block  of  plaster  of  Paris  ;  this  block  is 
then  placed  in  a  flat  covered  glass  dish  and 
kept  moist  by  water  previously  poured  into  the 
dish.  This  is  then  placed  in  the  thermostat  or 
forcing  chamber  and  kept  at  a  temperature  of 
25°C.  for  forty  hours.  At  the  end  of  that  time  it 
is  carefully  examined  under  the  microscope, 
when  the  spores,  if  any  wild  yeast  be  present, 
will  be  seen  as  round  bodies  within  the  cell  wall. 

Yeast  has  always  been  classified  as  belonging 
to  the  fungoid  group  of  plants,  but  those  other 
organisms  which  also  have  the  power  of  in- 
ducing fennentation  other  than  alcoholic  in 
saccharine  solutions,  have  been  regarded  by  the 
older  observers  as  belonging  rather  to  the  animal 
than  to  the  vegetable  kingdom,  chiefly  on  ac- 
count of  their  motility  and  in  the  absence  of  the 
basis  required  for  a  more  exact  comj^arison,  but 
later  investigators  see  no  reason  for  separating 
them  from  the  vegetable  kingdom,  although  all 
that  can  yet  be  said  of  them  is  that  they  may  be 
classed  as  bacteria,  and  '  are  a  group  of  simple 
plants  of  a  low  order.' 

Of  these  the  species  best  known  to  us  as 
occurring  in  beer  are  Bacillus  siibtilis,  Bacillus 
amijlobacter,  Bacterium  iermo,  Bacterium  aceti, 
Bacterium  lactis,  and  Sarcina.  There  are  other 
species  of  which  little  is  known,  but  which  are 
often  met  with  in  old  beer,  such  as  the  ropy 
ferment,  colour  bacterium,  certain  forms  of  vibrio, 
spirillum,  &c. 

These  constitute  what  are  known  as  the 
disease  germs  of  beer,  and  generally  develop 
under  favourable  conditions  in  the  finished  beer 
after  it  has  been  some  time  in  cask  or  bottle; 
Bacterium  accti  has  the  power  of  converting 
the  alcohol  of  the  beer  into  acetic  acid,  B.  lactis 
attacks  the  saccharine  matter,  converting  it  into 
lactic  acid,  whilst  butyric  acid  is  supposed  to  be 
derived  from  the  further  fermentation  of  lactic 
acid  by  means  of  Bacillus  ami/lobacter,  or  from 
sugar  along  with  butyl  alcohol  by  means  of  the 
same  organism.  These  three  forms  of  bacteria, 
along  with  B.  siibtilis,  are  perhaps  those  most 
commonly  occurring  in  beer. 
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A  few  fuims  of  mould  are  sometimes  met 
with,  such  as  Miicor  racetnosus,  PeniciUinm 
gloiicum,  Aspergillus  nigcr,  but  space  wll  not 
permit  to  treat  further  of  this  subject. 

27.  Having  very  briefly  glanced  at  the  dif- 
ferent materials  used  in  brew-ing,  we  proceed 


lerent  maienais  useu  lu  uiowhk,        i^^^,^^^^.   x,.  '   ,  — T  ,         ,   ~     ,  , 

next  to  consider  the  various  processes  involved  '  usually  furnished  with  a  shoot  whereby 


masher,  of  which  a  section  is  shown  at  fig.  P.  r. 

This  consists  of  a  horizontal  cylinder  closed 

at  one  end  and  open  at  the  other,  from  3  to 

fi  feet  in  length  and  from  8  to  22  inches  iu 

diameter.    It  is  fixed  horizontally  above  the 

level  of  the  upper  edge  of  the  mash  tun  and  is 
  .  .      .  jjj^. 


in  the  manufacture  of  beer. 

Preparation  of  malt  for  mashing.  As  soon 
as  the  malt  is  delivered  at  the  brewery  it  is 
further  cleaned  by  screening  from  adherent  dust, 
,WHo.c  M,.^E.ev»TOR  luould  spores,  and  smaU 
corns.  It  IS  then  de- 
,  vered  into  a  small 
hopper,  from  which  it 
passes  to  the  malt  mill. 
This  consists  of  a  pair  of 
smooth  steel  rollers,  or, 
preferably,  of  two  pairs 
of  such  rollers,  one  pair 
of  rollers  being  set  to  a 
wider  gauge  than  the 
other.  When  passing 
through  such  a  set  of 
rollers  the  larger  corns 
are  crushed  by  that  pair 
which  is  set  so  as  to 
crush  them  sufficiently 
but  not  too  much,  whilst 
the  smaller  corns  pass  on 
to  the  other  pair,  which 
are  set  at 
a  narrower 
gauge  so 
as  to  en- 
sure the 
complete 
crushing 
of every  in- 


dividual corn.  By  this  means  a  com- 
paratively even  grist  is  obtained. 
As  the  malt  is  ground  it  passes  to 
the  grist  case  (c.  Fig.  8)  which  is 
generally  placed  over  or  has  com- 
■  uiand  of  the  mash  tun. 

The  grist  case  should  be  made 
of  wcil-scasoned  pine  or  deal,  planed 
smooth  and  well  jointed,  and  shouM 
be  lined  with  sheet  zinc,  or  it  ni  - 
be  constructed  of  galvanised  ir. 
The  bottom  of  the  grist  case  must  I . 
of  sullicicnt  slope  to  allow  of  the 
grist  falling  easily  and  readily  into  the  mashing 
machine,  and  is  provided  at  the  boltoni  with  a 
sliding  valve. 

28.  Mashing-  process.  From  the  grist  case 
the  crushed  mult  passes  on  to  the  outside 
mashing  muchinc,  where  it  meets  with  the 
mashing  liquor  at  a  temperature  varying,  ac- 
cording to  circumstances,  from  1G0°F.  to  170°F. 
The  malt  and  water  are  here  thoroughly 
mixed  before  running  into  the  mash  tun.  The 
be-st  form  of  machine  for  this  purpose,  and 
tho  one  most  generally  employed,  is  Steel's 

'  For  tlic  ilrnwlnsts  ot  brcwoiy  plant  tlic  author  is 
Indebted  to  Mr.  J.  Oxlcy,  Browcrs'  Engineer,  Fromc. 


mash  may  be  conducted  into  one  or  more  tuns 
For  instance,  where  two  mash  tuns  are  employed, 
the  steel  masher  is  fixed  between  the  two  tuns 
in  such  a  way  that  it  can  be  used  for  either  one 
at  pleasure.  Inside  the  cylinder  and  running 
its  whole  length  is  a  shaft  provided  with  spokes 
at  short  and  regular  intervals,  and  of  such  a 
length  that  they  just  revolve  freely  inside  the 
cylinder  as  shown  in  section. 

The  shaft  is  driven  by  a  pulley,  and  the  grist 
is  fed  into  the  upper  side  through  the  upright 
T-P-ece,  the  water  from  the  hot  liquor  back 
meeting  the  grist  at  this  point. 

A  slide,  accurately  adjusted  by  means  of  a 
screw,  regulates  the  fall  of  the  malt,  whilst  a 
screw  tap  allows  for  the  admission  of  the  proper 
quantity  of  water. 

The  process  of  mashing  is  carried  on  in  a 
vessel  called  a  mash  tun,  e.  This  may  be  ma  h- 
of  wood,  wood  lined  with  copper,  or  of  iron,  but 
the  material  most  generally  employed  is  wood. 
In  this  case  it  is  constructed  of  staves  of  best 
English  oak,  with  a  bottom  of  Dantzic  tir.  The 
staves  should  not  be  less  than  two  and  a  half 
inches  thick  for  small  tuns,  which  must  be  in- 
creased for  larger  tuns  in  pro]  ortion  to  their 
size.  The  mash  tun  is  provided  with  a  false 
bottom,  an  internal  mashing  machine,  and  a 
pipe,  termed  an  underlet,  for  introducing  hot 
liquor  from  the  main  into  the  mash  tun  when  de- 
sired. The  capacity  of  the  tun  should  be  such  as 
to  allow  three  and  a'half  barrels  for  every  quarter 
of  malt  to  be  mashed  ;  to  this  must 
be  added  an  allowance  of  3  inches  to 
the  depth  of  the  tun. 

The  false  bottom,  of  such  a  thick- 
ness as  to  leave  a  space  of  two  inches 
in  depth  between  it  and  the  real 
bottom  of  the  tun,  consists  of  a 
scries  of   well-titting  stout  sheet 
copper 
plates  per- 
forated 
with  small 
holes  or 
slots  one- 
pighth  of 
in  inch  in 
.size  and 
about  one 
inch  apart, 

and  supported  by  wooden  bearers.  The  in- 
ternal mashing  machinery  consists  of  a  hori- 
zontal shaft  rotating  at  a  level  ot  about  half  the 
depth  of  the  tun  round  a  central  vertical  shaft 
as  well  as  on  its  own  axis,  and  tilted  with  light 
iron  bars  placed  at  regular  intervals  along  the 
length  of  the  shaft,  which  by  their  motion  more 
elYectually  mix  up  the  grist  in  the  tun.- 

One  or  more  pipes,  termed  underlets,  by 
means  of  which  hot  water  can  be  introduced 
into  the  tun  under  the  false  bottom  for  the  pur- 
pose of  raising  tho  temperature  of  the  mash 
'  I'oT  large  mash  tuns  two  such  shafts  are  employed. 
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when  rcrjuirecl,  should  be  affixerl  to  every  mash 
tun.  This  heating  is  termed  piecing  np,  and  the 
hot  water  run  in  for  the  purpose,  piece  liquor. 

The  relative  proportions  of  a  mash  tun  are  a 
matter  of  some  importance.  The  following  table, 
given  by  Southby  for  the  form  of  mash  tur,  we  aie 
describing,  shows  these  proportions  as  follows  : 

Tablh  V. 


Quarters 
of  malt 
mashed 

Diameter 
of  tun 

Depth 
of  tun 

Quarters 
of  malt 
mashed 

Diameter 
of  tun 

Depth 
of  tun 

ft.  in. 

ft.  in. 

ft.  ill. 

ft.  in. 

5 

6  2 

5  1 

25 

10  2 

G  5 

8 

6  4 

5  5 

.lo 

U  0 

G  G 

10 

7  0 

5  (! 

40 

12  6 

G  9 

12 

7  7 

5  8 

50 

13  9 

7  0 

1.5 

K  4 

10 

75 

IC  3 

7  6 

20 

0  4 

G  1 

100 

IS  1 

8  0 

For  the  purpose  of  drawing  off  the  aqueous 
extract  of  the  malt,  or  in  technical  language 


sweet  wort,  the  bottom  of  the  mash  tun  is  pro- 
vided with  a  suitable  number  of  pipes,  which 
should  be  attached  at  regular  intervals  to  the 
bottom  of  the  tun  so  as  to  ensure  an  equal 
draught  from  every  portion.  Of  course  the 
number  of  such  draw-off  pipes  must  vary  with 
the  size  of  the  tun.  A  '25-quarter  mash  tua 
should  have  at  least  six  draw-off  pipes. 

The  mash  tun  in  all  instances  is  provided 
with  a  cover.  This  should  be  carefully  made 
and  should  fit  well ;  it  j)revents  the  cooling  of 
the  mash  and  protects  the  surface  of  it  from 
dust. 

This  cover  may  be  of  two  forms,  square  top 
and  conical,  but  the  one  to  be  most  preferred  is 
undoubtedly  the  conical.  The  square  top,  which 
is  of  the  same  diameter  all  the  way  up  as  the 
mash  tun  and  is  from  two  to  two  and  a  half  feet 
in  height,  is  provided  with  doors  or  sliding 
shutters.  The  great  objection  to  this  form  is 
tlie  I;irge  amount  nf  '4|,;icr'  left  nlinvf  the  mash, 


1?IG_  9-  — M.\SHING  KOOM  IN   MkSSKS.  W < HiTHIN.JTON  &  Co.'S  BeEWEEY,  BuETON-ON-TkI 


and  the  facility  afforded  by  the  flat  top  for  the 
collection  of  dust. 

The  conical  cover  is  made  in  irregular  sections, 
all  of  which  are  removable,  whilst  the  objections 
to  the  square  top  are  reduced  to  a  minimum. 

The  draw-off'  pipes  to  which  taps  are  affixed 
are  carried  separately  from  the  mash  tun  to  a 
small  receiving  vessel  termed  the  '  underback,' 
into  which  the  wort  from  each  tap  flows,  and  is 
conveyed  from  this  to  the  copper. 

Figs.  9  and  10  give  a  general  view  of  all  the 
mashing  arrangements  described  above. 

As  we  have  said,  the  malt  as  it  leaves  the 

'  This,  with  fipr.  15,  are  taken  from  Noted  Breweries  of 
Great  Britain,  by  kind  permission  of  Sir  J.Caustou  &  Sons. 


grist  case  meets  in  Steel's  mashing  machine 
with  the  hot  liquor,  and  both,  thoroughly  inter- 
mixed, arc  run  into  the  mash  tun.  As  soon  as 
all  the  grist  is  run  in,  a  few  gallons  of  mashing 
liijuor  are  run  through  the  Steel's  maslier,  and 
then  the  rakes  are  set  going,  two  turns  round 
the  tun  being  considered  sufficient.  The  tem- 
perature of  the  mash  is  then  taken ;  this  may 
vary  from  140°F.  to  150°F.  according  to  the 
practice  of  the  brewery.  If  this  initial  tempera- 
ture is  not  up  to  the  proper  point,  then  some  more 
hot  liquor  is  introduced  through  the  underlet 
until  the  right  temperature  is  attained,  the 
covers  are  shut  ujj  and  the  mash  allowed  to  stand, 
generally  for  one  and  a  half  to  two  hours. 
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20.  The  chemical  changes  which  occur  during  I 
mashing.  ^Vllcn  t,'i  ouii(l  malt  is  brouylil  into  con- 
tact with  water  at  the  mashing  temperature,  the 
Btarch  which  it  contains  becomes  first  gelatinised 
and  then,  in  presence  of  certain  albuminoid 
bodies  collectively  termed  diastase,  is  rapidly  dis- 
eolved  and  convertod  into  dextrin  and  maltose ; 
the  other  carbohydrates,  such  as  cane  sugar,  | 
dextrose,  and  lievulose  also  enter  into  solution,  ' 
as  well  as  certain  nitrogenous  bodies  termed 
amides.  At  the  same  time  certain  other  nitro- 
genous bodies  more  or  less  insoluble  in  water 
are  also  acted  upon  by  the  diastase,  becoming 
converted  into  peptones.  There  is  also  evidence 
that  at  least  a  portion  of  the  cane  sugar  is  by  the 
same  active  agent  transformed  into  invert  sugar. 

Hecent  researches  have  proved  most  con-  | 
clusively  that  when  gelatinised  starch  is  acted 
upon  by  diastase  it  is  split  up  into  dextrin  and 
maltose,  and,  under  certain  conditions,  into 
maltodextrin  as  well,  and  that  this  change  is  a 
molecular  one,  and  does  not  take  place  according  i 
to  one  equation  but  to  several,  depending  upon 
the  temperature  at  which  such  a  transformation 
is  effect(id,  and  that  the  conversion  afterwards 
of  the  dextrins  first  formed  into  maltose  is  a 
slow  and  gradual  act  of  hydration.  In  all  proba- 
bility the  molecular  transformations  of  starch 
may  be  represented  by  at  least  eight  possible 
e(iuations,  depending  upon  the  temperature  at 
■which  such  transformations  are  effected. 

The  following  table  gives  the  respective  pro- 
portions of  maltose  and  dextrin  corresponding 
to  these  eight  equations,  as  well  as  the  cupric 
oxide  reducing  power  K  and  specific  rotatory 
power  jo[  „  (3-86  divisor),  for  the  joint  products 
of  each  of  these  transformations: 


Table  YI. 


No.  of 
Tr.nistor- 
matioti 

Maltose 

De.'i  trill 

K 

!«!» 

Uoiiiltiiig 
Do.vtriu 

Soluble 
starch 
1 

}» 

10-4 

0 

80-6 

0 

6-4 

195-0 
188-G  1 

Erythro- 
dextrin  a 

2 

20-8 

79-2 

12-7 

182-4 

„  0 
Achroo- 
dextrin  a 

3 

31-0 

G9-0 

18-9 

17G-2  { 

4 

41-3 

58-7 

2.5-2 

170-2 

„  0 

5 

51-3 

48-7 

31-3 

1G4-3 

•>  y 

(1 

Ol-l 

38-9 

37-3 

158-4 

»  s 

7 

71-0 

29  0 

43-3 

152-5 

..  * 

8 

SO-8 

19-2 

49-3 

14G-7 

.,  C 

9 

90-3 

9-7 

55-1 

141-0 

Maltose 

61-0 

135-4 

Throughout  the  whole  range  of  the  transfor- 
mations of  starch  conducted  with  malt  extract 
under  the  most  varying  conditions,  results  maj- 
bo  obtained  which  are  always  comi)atible  with 
the  hypothesis  that  the  hydration  and  splitting 
U])  of  the  molecule  of  soluble  starch  are  attended 
with  the  production  of  (1)  a  crystallisablc  body, 
maltose,  having  a  specific  rotatory  power  of 
{o[„  =  135-4,  and  a  cupric  oxide  reducing  power 
of  K  -  01,  and  (2)  a  scries  of  non-erystallisable 
polymeric  bodies,  the  dextrins,  all  having  the 
same  specific  rotatory  power  of  joj„  195°  and 
ho  cupric  o.vide  reducing  power  whatever. 


The  influence  which  temperature  exerts  upon 
the  transformation  is  readily  seen  on  referring  to 
Table  VII.,  where  is  shown  a  series  of  curves  for 
transformations  made  under  varying  conditions 
of  temperature,  and  taken  from  Brown  and 
Heron's  paper  on  the  Transformations  of  Starch 
(J.  C.  S.  1679,  p.  59G).  It  is  at  once  evidint 
from  these  curves  that  the  percentage  of  dextrin 
in  any  given  transformation  is  directly  propor- 
tional to  the  temperature,  whilst  on  the  otiur 
hand  the  maltose  is  inversely  so.  We  are  also 
struck  with  this  remarkable  fact,  that  with  the 
exception  of  the  transfonnation  carried  on  at 
GC^C.  (150-8"F.),  the  conversion  of  starch  into 
dextrin  and  maltose,  and  the  subsequent  hydra- 
tions of  the  higher  dextrins  into  the  lower  se<  i  i 
to  be  almost  completed  by  the  end  of  the  fir-t 
fifteen  minutes,  and  even  for  the  transformatiou 
at  GG"C.  there  is  a  fall  of  angle  of  only  10"  from 
fifteen  to  sixty  minutes,  whilst  for  the  first  fifteen 
minutes  the  fall  is  three  times  as  nuuh. 


T.u:lk  VII. 


T 

b 

ti 

5 

i 

I 

35 

■  T 

90 

2)6 

21*  1 

2'2 

Z'O  IVI 

208  1\ 

zo«  1 

R 

200 

199  ■ 

196 

— 1 

•D 

194 

t92 

.90  ^ 

'88 

i86 

.84. 

'9: 

lao 

rra 

17S 

174 

i7Z 

no 

'66 
■6* 

•sr 

•B 

160 
•50 



•>* 

IS2 

r 

A.  Tnuisfonuatious  witli  uiilicated  nialt  cxtnict  nt 
40°-50=C.;  B.  Ditto,  lieatcd  tolWC. ;  c.  Ditto,  licateil 
to  Gd'C. ;  D,  K.  Ditto,  heated  to  75^C. 


On  the  large  scale  in  the  brewery,  -where  the 
process  of  mashing  is  carried  on  under  the 
normal  conditions,  the  transformation  shown  at 
GG"X\  is  the  one  which  usually  takes  place. 

This  may  be  seen  by  referring  to  the  curves 
shown  in  Table  VIII. 

These  were  deduced  from  a  series  of  polarisa- 
tions of  worts  from  malt  mashed  under  similar 
conditions  — (a)  in  the  laboratory,  (6)  in  the 
brewery,  water  at  the  rate  of  two  barrels  per 
quarter  of  malt  being  used  in  both  cases,  and 
samples  were  taken  every  fifteen  minutes  from 
time  of  finishing  mashing. 

On  comparing  these  with  Brown  and  Heron's 
curve  for  starch  transformations  at  GCr  we  are 
at  once  struck  with  the  great  similarity  which 
exists  between  them,  the  nature  of  the  curves 
being  almost  exactly  the  same  in  both  cases,  a 
comparatively  rapid  fall  occurring  during  the 
first  thirty  minutes,  slow  and  regular  hydration 
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proceciling  afterwards,  but  only  to  a  slight  ex- 
tent, the  difference  in  specific  rotatory  power 
between  30  minutes  and  120  being  only  about 
7°  in  each  case,  so  that  it  may  be  taken  for 
granted  that  the  dextrin  maltose  ratio  that  is 
to  obtain  in  the  resulting  wort  is  practically 
decided  during  the  first  thirty  minutes.  On  com- 
paring the  curve  at  6G°  in  Table  I.  with  those  at 
higher  and  lower  temperatures,  it  would  appear, 
curiously  enough,  as  if  this  temperature  tor 
mashing  were  just  on  the  boundary  line  as  it 
were,  a  few  degrees  either  higher  or  lower  giving 
worts  highly  dextrinous  and  poor  in  maltose,  or 
else  the  very  opposite. 

Seeing  then  what  a  very  great  influence  a 
few  degrees  of  temperature  would  appear  to 
exert  upon  the  composition  of  the  wort,  too 
nnich  stress  cannot  be  laid  upon  the  necessity 
of  attending  carefully  to  the  initial  temperature 
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of  the  mash,  and  there  can  be  little  doubt  that 
the  polarisation  of  samples  of  wort  taken,  say, 
at  fifteen,  thirty,  and  forty-five  minutes  from 
time  of  finishing  mashing,  would  give  an  in- 
telligent brewer  much  valuable  information  as 
to  the  relative  diastatic  capacities  of  the  several 
malts  he  may  have  to  deal  with,  enabling  him  to 
form  a  pretty  accurate  idea  as  to  the  most  suit- 
able temperatures  for  future  mashings,  and  giving 
him  a  more  perfect  control  over  the  subsequent 
operations  of  sparging,  j^itching,  attenuating,  &c. 

During  the  oiJerations  of  sparging  some  of 
the  harder  portions  of  the  starch  which  had 
hitherto  escaped  saocharification  become  dis- 
solved out  and  transformed  by  the  diastase  still 
remaining  into  dextrin  and  maltose.  If  the 
sparging  be  applied  at  too  high  a  temperature 
this  starch  becomes  gelatinised,  but,  in  great 
piirt  unconverted  owing  to  the  destruction  of  the 
diastase  at  these  temperatures,  passes  on  into  the 
wort,  and  although  this  starch  of  itself  exercises 
very  little  if  any  injurious  influence  on  the 
finished  beer,  it  nevertheless  serves  as  an  index 
of  other  dangers,  for  the  high  sparging  tempera- 
tures which  hring  into  solution  some  of  the  pre- 
viously unacted  upon  starch,  also  cause  some  of 
those  nitrogenous  bodies  which  at  the  ordinary 
mashing  temperature  are  quite  insoluble,  to  be- 
come partly  soluble,  especially  in  the  presence 
of  the  saccharine  matter  of  the  wort ;  and  these, 
finding  their  way  in  a  state  of  semi-solution  into 
the  finished  beer,  cause  a  persistent  cloudiness 
which  neither  finings  nor  storage  can  remove, 
besides  offering  encouragement  to  the  develop- 


ment of  hurtful  germs  always  present  to  a  greater 
or  less  extent  in  freshly  racked  beer. 

As  soon  as  the  mashing  process  is  considered 
to  be  complete,  the  taps  leading  from  the  various 
underlets  are  opened,  gently  at  first  and  after- 
wards more  quickly,  till  the  liquor  runs  half-bore 
and  the  wort  is  allowed  to  flow  into  the  underback. 
Tlie  first  few  barrels  that  come  over  are  generally 
cloudy,  owing  to  the  presence  of  small  particles 
of  tlie  mash  which  have  passed  through  the  per- 
forations in  the  false  bottom,  and  partly  from  a 
reduction  of  temperature  of  the  wort  throuf^'h 
coming  in  contact  with  the  cold  pipe.  This 
cloudy  wort  is  returned  to  the  mash  tun.  As 
soon  as  the  taps  begin  to  run  fairly  bright  the 
wort  is  allowed  to  flow  from  the  underback  into 
the  copper. 

When  the  mash  is  completed  and  the  wort  is 
running  into  the  copper,  the  temperature  of  the 
liquor,  or  tap  heat,  as  it  flows  from  the  taps  is 
taken.  This  is  generally  done  about  half  an 
hour  from  time  of  first  setting  taps. 

30.  Sparging.  After  a  certain  number  of 
barrels  of  wort  have  been  drawn  off,  a  further 
quantity  of  mashing  liquor  is  sprinkled  over  the 
goods  by  means  of  a  sparger,  for  the  purpose  of 
washing  out  as  completely  as  possible  the  wort 
still  adhering  to  the  insoluble  matter  or  grains  in 
the  mash  tun.  The  sparger  (fig.  8,  e)  consists  of 
two  or  more  hollow  arms  perforated  along  one  side 
and  extending  to  the  sides  of  the  mash  tun.  They 
are  connected  with  a  central  basin  through  which 
the  upright  shaft  of  the  mashing  machine  passes, 
and  the  basin  runs  on  wheels  fixed  to  a  carriage 
on  the  upright  shaft.  The  mash  liquor  flows 
into  the  central  basin,  thence  along  the  arms 
and  through  the  perforation,  causing  the  arms 
to  revolve ;  by  this  means  the  whole  of  the 
goods  are  exposed  to  a  washing  operation, 
whereby  the  greater  part  of  the  residuary  wort 
matter  adhering  to  the  grist  is  abstracted. 
Most  brewers  begin  sparging  shortly  after 
setting  taps,  and  keep  the  sparges  going  con- 
tinuously until  the  whole  of  the  wort  matter  has 
been  got  away  from  the  grains  ;  others  do  not 
commence  to  sparge  until  one-fourth,  one-half, 
or  even  three-fourths  of  the  strong  liquor  has 
been  drawn  off.  It  is  preferable  to  start  sparging 
when  the  first  ten  barrels  of  wort  are  in  copper, 
at  the  rate  of  one-half  to  three-quarters  of  a 
barrel  per  quarter  of  malt,  at  a  temperature  of 
170'-'F..  and  until  the  upper  layers  of  the  mash, 
which  have  begun  to  cool  somewhat,  arc  again 
at  the  normal  temperature,  the  sparging  liquor 
is  then  cooled  to  ICO  -T.  and  the  sparging  carried 
on  continuously  at  this  temperature  until  the 
copper  is  made  up.  If  higher  temperatures 
than  these  are  used  a  risk  is  incurred  of  dissolv- 
ing out  some  of  the  unaltered  starch,  of  which 
there  is  always  to  be  found  a  small  portion 
remaining  in  the  grains  and  which  has  not  been 
acted  on  by  the  diastase  of  the  malt. 

When  the  gravity  of  the  wort  running  from 
the  taps  has  fallen  to  about  sp.  gr.  1005,  it  is 
advisable  to  shut  off  the  taps. 

31.  Boiling.  As  soon  as  the  wort  leaves  the 
mash  tun  it  is,  as  we  have  already  seen,  either  run 
directly  into  the  copper  or  collected  first  in  an 
intermediate  vessel  called  the  underback,  but  it 
is  advisable  that  it  should  remain  only  a  short 
time  in  this  vessel  so  as  to  prevent  any  appreci- 
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able  loss  of  heat.  As  soon  as  the  first  ten 
barrels  are  in  the  copper  the  fire  may  be  got  up, 
and  the  temperature  of  the  wort  raised  to  about 
180 'F.  or  190°F.  At  the  same  time  a  certain 
proportion  of  the  hops  may  be  added— for  in- 
stance, for  a  100  barrel  copper  a  tenth  portion 
of  the  total  hops  should  be  added,  and  for 
every  ten  barrels  of  wort  added  a  tenth  part  of 
hops,  and  so  on  until  all  the  wort  is  run  into 
the  copper  or  the  copper  is  made  up.  As  soon 
as  the  last  tenth  of  the  hops  is  added  the  fire  is 
increased  and  the  wort  brought  to  the  boiling- 
point  as  quickly  as  possible.  This  is  carried  on 
usuaUv  for  one  and  a  half  to  two  hours. 


In  some  breweries  it  is  the  custom  to  keep 
the  wort  as  it  flows  into  the  copper  at  a  tem- 
perature not  exceeding  165°  during  the  thue  the 
copper  is  being  filled.  This  process  is  called 
stewing  the  worts,  and  is  said  to  be  often  very 
advantageous,  especially  when  the  malts  are 
deficient  in  diastatic  power.  No  advantage  can 
possible  accrue  from  such  a  process,  but,  on  the 
contrary,  much  liarm  may  result  therefrom  to  the 
finished  beer.  With  regard  to  the  period  at  which 
it  is  most  advisable  to  add  the  liops,  much  differ- 
ence of  opinion  exists,  some  brewers  not  adding 
any  until  the  copper  is  nearly  or  entirely  made  up, 
otiiors  adding  the  whole  of  the  hops  before  the 
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copper  IS  half  full.  Both  methods  are  very  objec- 
tionable ;  the  addition  of  the  hops  to  the  copper 
ought  to  run  pari  passu  witli  the  inflowing 
wort.  By  this  mciins  we  get  a  more  regular  pie- 
cipitation  and  coagulation  of  certain  albuminous 
substances  from  the  wort,  and  a  more  even  ex- 
traction of  the  bitter  and  resinous  principles  of 
the  hop,  tlic  result  being  a  well  broken,  regular 
wort  and  superior  flavoured  beer.  A  favourite 
plan  in  many  breweries,  and  one  which  for 
several  reasons  is  to  be  strongly  recommended, 
is  to  reserve  the  last  tenth  part  of  the  hops,  and 
which  should  be  of  superior  quality  to  the  rest 
of  the  bulk,  until  about  ten  to  twenty  minutes 
before  turning  out  the  copper,  the  efifect  of  this 
being  to  give  a  certain  amount  of  aroma  and 
hop  flavour  to  the  wort,  and  wliicli  enables  the 
objectionable  practice  of  dry  hopping  to  be  dis- 
pensed with.  We  have  assumed  that  the  whole 
of  the  wort  from  one  brewing  is  boiled  at  once 
jn  one  copper,  and,  where  practicable,  this  is  by  far 


the  best  plan  ;  but  more  often  the  wort  from 
one  brewing  is  divided  between  two  coppers,  the 
stronger  wort  being  boiled  in  the  first  copper 
with  the  whole  or  greater  part  of  the  hops, 
whilst  the  last  half  and  weaker  portion  of  tlie 
worts  is  run  into  the  second  copper  and  boiled 
witli  the  already  exhausted  hops  which  are  re- 
turned from  the  first  copper.  This  is  a  very 
objectionable  as  well  as  dangerous  method  of 
procedure.  The  first  copper  wort  will  contain 
proportionately  nnicli  more  saccharine  than 
nitrogenous  matter,  the  latter  being  in  excess  in 
the  second  copper;  again  all  the  tannin  and 
the  largest  proportion  of  the  soluble  matters  are 
extracted  from  the  hops  by  boiling  them  in  the 
first  copper,  so  that  when  tliese  hops,  which  are 
practically  exhausted  of  all  tlieir  useful  pro- 
perties, are  added  to  the  second  copper  of  wort 
containing  relatively  more  albuminous  matter 
than  the  first,  comparatively  littip  i)reci])itation 
or  coagulation  is  produced  by  tiio  matter  ox- 
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fracted  from  the  Imps,  wliilst  a  nasty,  coarse, 
bitter  flavour  is  imparted  to  the  wort,  so  tliat  tlie 
resulting  beer  contams  an  excess  of  nitrogenous 
matter,  thereby  being  rendered  more  liable  to 
disease,  and  brightening  only  with  dilKculty. 
Where  it  is  necessary  to  divide  the  wort  between 
two  coppers,  the  stronger  wort  may  be  run  into 
one  and  the  weaker  into  the  other,  but  to  both 
coppers  fresh  hops  should  be  added  in  quantities 
proportionate  to  the  gravities  of  the  respective 
worts. 

During  the  boiling  of  the  wort  with  hops  in 
the  copper,  all  diastatie  action  is  completely 
destroyed,  and  the  starch  products  become  tixed, 
a  large  proportion  of  the  hitherto  soluble  albu- 
minoids are  precipitated,  whilst  a  small  quantity 
of  hop  extract  is  added ;  at  the  same  time  a 
shght  alteration  occurs  in  the  carbohydrates 
other  than  those  derived  from  the  starch,  being 
probably  due  to  a  slight  inversion  of  a  part  of  the 
unacted-on  cane  sugar  by  the  acid  of  the  boiling 
wort,  but  practically,  the  actual  composition  of 
the  starch  products  is  unaltered  during  the  boil- 
ing process,  so  that  the  wort  at  this  stage  affords 
a  very  good  index  as  to  the  dextrin  jjercentage 
of  the  resulting  beer,  and  hence  a  systematic 
polarimetric  examination  of  wort  from  the  cop- 
per will  be  found  to  be  extremely  useful.  It 
may  be  taken  as  a  general  rule  that  the  specific 
rotatory  power  of  a  wort  should  not  fall  below 
105°  [ajc  or  rise  higher  than  122°  [a]„,  the 
former  indicating  an  abnormally  low  percentage 
of  dextrin  and  large  excess  of  soluble  nitrogen- 
ous matters,  the  latter  a  very  high  percentage  of 
dextrin  resulting  probably  in  extremely  high 
attenuations  and  cloudy  beers,  fining  only  with 
difficulty. 

When  the  boiling  process  is  completed  the 
wort  with  the  hops  is  run  out  of  the  copper 
into  the  hopback.  This  is  a  vessel  of  somewhat 
similar  construction  to  the  mash  tun  ;  the  sides 
may  be  square  or  circular  in  shape,  preferably 
the  latter,  and  is  furnished  with  a  perforated 
copper  false  bottom.  Here  the  wort  is  drained 
from  the  hops  and  run  into  a  small  wooden 
underback,  whence  it  is  pumped  up  on  to 
the  coolers,  but  as  the  hops  in  the  hopback 
retain  a  certain  proportion  of  the  wort  adhering 
to  their  surface,  boiling  water  is  sparged  over 
them,  and  these  spargings  are  added  to  the  wort 
and  serve  to  reduce  it  to  the  required  gravity. 
Where  brewing  sugar  of  any  description,  whether 
cane  sugar,  invert,  or  glucose,  is  used  in  the 
brewing,  it  is  best  to  add  the  requisite  quantity 
previously  dissolved  in  boiling  water  to  the 
wort  in  copper  about  fifteen  mmutes  before 
turning  out ;  the  usual  proportions  are  from  one- 
third  to  one-fifth  of  the  quantity  of  malt  used, 
2  cwt.  of  sugar  being  reckoned  to  be  equivalent 
to  the  extract  yielded  by  1  quarter  of  malt.  The 
quantity  of  hops  used  will  of  course  vary  with 
the  gravity  as  well  as  quality  of  the  wort.  In 
Burton  as  much  as  20  lbs.  of  hops  per  quarter  of 
malt  have  been  used  for  export  pale  ales,  but  for 
ordinary  pale  ales  from  10  lbs.  to  15  lbs.  is  the 
usual  proportion,  less  being  required  where  malt 
substitutes  such  as  invert  sugar  or  glucose  are 
used. 

Of  late  years  the  practice  of  boiling  the  worts 
in  wooden  backs  by  means  of  steam  at  high 
pressure    has    been  introduced    into  certain 


breweries,  and  is  strongly  advocated  by  some 
brewers  as  being  superior  to  boiling  by  fire. 
Boiling  by  steam  certainly  entails  less  labour, 
but  thei'e  can  be  no  doubt  that  if  a  brewer  wishes 
to  produce  a  beer  that  will  keep  sound  for  any 
length  of  time,  the  wort  must  be  thoroughly  well 
boiled  so  as  to  completely  coagulate  and  fix  all 
changeable  albuminous  matters  as  well  as  de- 
stroy all  spores  of  disease  germs,  and  for  this 
purpose  it  is  capable  of  proof  that  direct  fire 
heat  is  much  more  potent  than  steam  heat. 

32.  Cooling.  Coolers  may  be  described  as 
large  shallow  tanks  about  eighteen  inches  deep, 
of  such  capacity  as  to  contain  the  whole  contents 
of  the  copper  at  one  time;  they  are  generally 
constructed  of  wood,  but  wood  lined  with  sheet 
copper  is  much  to  be  preferred,  being  far  less 
liable  to  retain  any  contamination  in  the  way 
of  spores  of  bacteria  or  mould. 

The  principal  object  in  running  the  wort  on 
to  the  coolers  is  undoubtedly  to  lower  the  tem- 
perature or  to  take  the  '  fire  heat  '  out  of  it ;  but 
at  the  same  time  another  action  is  going  on,  the 
importance  of  which  has  only  been  clearly 
understood  during  the  last  few  years,  and  that 
is  the  aeration  of  the  wort  or  the  absorption  by 
the  wort  of  the  oxygen  of  the  air,  either  by  way 
of  solution  or  of  combination,  for  not  only  does 
the  atmospheric  oxygen  become  dissolved  in  the 
wort  in  a  manner  similar  to  carbonic  acid  in 
water,  but  it  actually  enters  into  direct  chemical 
combination  with  certain  nitrogenous  consti- 
tuents of  the  wort,  rendering  them  thereby  in- 
soluble and  causing  such  substances  to  be 
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deposited  on  the  coolers.  Aeration  has  also  a 
considerable  influence  on  fermentation,  indeed 
'  in  the  ordinary  process  of  brewing  normal  fer- 
mentation would  be  almost  impossible,  and  in 
every  case  most  defective,  if  the  wort,  before 
being  run  into  the  fermenting  vessels  were  not 
aerated  by  its  passage  over  the  coolers,  where 
the  aeration  is  more  or  less  effective  according 
to  the  depth  of  liquid  on  the  coolers.'  It  is 
evident  then  that  it  is  decidedly  advantageous  to 
allow  the  wort  to  remain  a  certain  time  on 
coolers  before  passing  it  on  to  the  fermenting 
rounds,  and  also  that  the  surface  liquid  should 
be  drawn  off  first.  This  has  been  effected  in  a  very 
ingenious  manner  by  the  arrangement  shown  in 
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lig.  11,  which  is  the  invention  of  Mr.  S.  Briggs, 
of  Burton-on-Trent. 

This  apparatus  simply  consists  of  a  vertical 
tube  made  of  metal,  fixed  over  the  outlet  of  the 
cooler  or  vessel. 

When  the  wort  or  other  liquid  is  ready  to  be 
run  off,  the  tube  is  tilled  with  liquor,  the  float 
placed  over  the  tube,  and  the  outlet  tap  opened; 
the  wort  or  liquid  at  once  begins  to  ran  over  the 
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top  of  the  tube  and  continues  doing  so  until  the 
whole  is  run  off  from  the  cooler  or  vessel. 

The  supply  of  liquor  always  being  taken  from 
the  top,  the  brightest  and  coolest  wort  is  run 


down  first,  so  that  the  whole  or  greater  part  of 
the  sediment  is  left  on  the  cooler. 

It  likewise  gets  a  bright  wort  down  over  the 
refrigerator  into  the  fermenting  tuns,  for  while 
the  bright  wort  is  running  off  from  the  top.  the 
grounds  and  thick  sediment  sink  to  the  bottom, 
and  remain  on  the  coolers. 

After  leaving  the  coolers  the  wort,  which  is 
not  yet  by  any  means  cold,  is  passed  over  a  re- 
frigerator, where  it  takes  up  in  its  passage  a  still 
further  quantity  of  oxygen.  There  are  several 
forms  of  refrigerators  ;  the  vertical  one  such  as 
shown  in  fig.  12  is  generally  considered  the 
best. 

These  refrigerators  are  made  from  seamless 
copper  tubes,  with  a  rib  or  feather  on  bottom  and 
groove  or  channel  on  top  side,  runh'.ng  full  length 
of  tube.  The  rib  or  feather  of  one  tube  is 
securely  fastened  into  the  groove  or  channel  of 
the  next  tube,  thus  giving  great  solidity,  and 
presenting  an  even  surface  to  prevent  anv  lia- 
bility of  dirt  accumulating,  the  brewer  being  able 
at  a  glance  to  see  if  the  machine  is  perfectly  clean. 

The  ends  are  fitted  with  gun-metal  boxes 
with  movable  caps,  giving  easy  access  for  brush- 
ing out  the  tubes,  and  are  especially  adapted  for 
pumping,  the  tubes  having  no  "divisions  to 
impede  the  water  passage. 

They  are  fitted  with  adjustable  feet  for  regu- 
lating the  flow  of  wort,  and  a  perfect  capillary 
attraction  is  obtained,  a  great  desideratum  in 
vertical  refrigerators.  The  inlet  trough  is  di- 
vided  to  secure  an  equal  How  of  wort  down  both 
sides  of  the  machine. 

But  all  the  time  that  the  wort  is  on  the 
coolers  and  refrigerator  it  is  exposed  to  dang.  r  of 
contamination  with  germs  of  disease  such  aa 
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bacteria  and  wild  tj^pes  of  yeast  which  are  to  be 
found  always  floating  about  in  the  air.  Also  be- 
yond a  certain  hmit  aeration  is  injurious  to  the 
palate  characteristics  and  aroma  of  the  finished 
beer,  hence  it  is  advisable  that  consistently  with 
sullicicnt  aeration  the  wort  should  be  cooled  as 
quickly  as  possible,  especially  when  it  reaches  a 
temperature  of  150°  and  lower.  Coolers  and  re- 
frigerators should  therefore  bo  of  sullicicnt 
capacity  to  cool  the  whole  of  one  brewing  or  gyle 


down  to  the  required  temperature,  58°  to  GOT., 
in  at  least  six  hours,  counting  from  the  time  the 
first  of  the  wort  is  pumped  on  to  the  coolers 
until  the  last  of  it  is  in  the  fermenting  vessel. 
This  temperature  will  vary  slightly  with  the 
quality  of  the  wort  and  the  temperature  of  the 
atmosphere,  but  for  beer  of  medium  strength,  and 
where  the  atmospheric  temperature  is  about  the 
average,  58°  to  G0°1''.  in  winter  and  58"F.  in 
summer  may  be  taken  as  safe  temperatures 
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for  cooling  the  wort  to,  previous  to  adding  the 
yeast. 

33.  Fermenting.  From  the  refrigerator  the 
■wort  is  conveyed  by  copper  pipes  to  the  fer- 
menting tun  (tig.  13,  a).  This  is  usually  con- 
structed of  wood,  and  may  be  square  or  round, 
preferably  the  latter,  as  being  more  easily 
cleansed.  The  wood  generally  preferred  is 
Dantzic  deal,  but  care  must  be  taken  before 
using  vessels  made  with  this  wood  to  first  remove 
tlio  resinous  flavour  from  it  before  running  in 
the  wort.  The  fermenting  round  is  furnished  with 
an  attemperator  or  coil  of  pipe  through  which 
either  hot  or  cold  water  may  be  transmitted  for 
the  purpose  of  regulating  the  temperature  of  the 
fermenting  wort.  As  soon  as  the  first  ten  barrels 
of  wort  are  in  the  fermenting  tun  the  requisite 
quantity  of  yeast  may  be  added  ;  this  is  called 
'  pitching.'  The  quantity  of  yeast  to  be  added  will 
of  course  vary  according  to  the  strength  of  the 
wort,  the  quantity  of  hops  used,  quality  of  yeast, 
and  season.  For  light  ales  and  running  beers 
about  fib.  to  l-g  lbs.  per  barrel  of  wort  are  used, 
whilst  for  the  stronger  ales  from  1^  to  3  or  even 
4  lbs.  in  some  cases  are  used. 

In  general  appearance  the  yeast  should  be  of 
a  rich  cream  colour,  possessing  a  sweet  clean 
smell.  Under  the  microscope  the  cells  should 
be  uniform  in  size,  full  and  plump-looking,  and 
transparent,  containing  few,  if  any,  vacuoles  or 
granulations  ;  the  cell  walls  should  be  thick  and 
free  from  pittings,  and  stand  well  out  against 
the  field.  No  signs  of  budding  should  be  ap- 
parent, and  no  dead  or  shrivelled  cells  should  be 
present.  The  presence  of  any  dead  cells  may 
easily  be  determined  by  running  on  to  tlie  slide 
a  drop  of  methylene-blue  solution,  which  in- 
stantli/  stains  all  dead  matter,  but  has  no  effect 
on  living  cells.  In  a  really  good  pitching  yeast 
no  bacteria  or  other  germs  of  disease  ought  to 
be  present,  but  most  yeasts  generally  contain  a 
few.  As  a  rule  any  sample  of  yeast  that  contains 
more  than  20  short  bacteria  (rods)  in  10  fields 
ought  to  be  condemned  for  pitching  purposes  ; 
'the  presence  of  any  of  the  longer  forms  of 
bacteria,  whether  straight  or  bent,  is  sufficient  to 
at  once  condemn  the  yeast  as  being  a  highly 
dangerous  one  to  use. 

As  has  already  been  mentioned,  it  is  almost 
impossible  to  determine  by  ordinary  micro- 
scopical examination  the  presence  or  absence 
of  wild  types  of  yeast ;  these  must  be  looked 
for  by  Hansen's  method  of  ascospore  forma- 
tion. 

As  soon  as  the  wort  has  been  cooled  to  the 
proper  temperature,  and  ready  to  undergo  the 
process  of  fermentation,  it  is,  according  to  the 
Inland  Kevenue  Act  of  1880,  run  into  a  vessel 
called  the  collecting  vessel,  where  it  must  re- 
main for  a  period  not  less  than  twelve  hours,  or 
until  such  time  as  the  excise  officer  can  determine 
its  gravity  and  bulk  for  the  purpose  of  levying 
the  required  duty.  In  most  breweries  these 
collecting  vessels  are  the  fermenting  tuns  them- 
selves. 

After  all  the  wort  has  been  run  into  the  tun 
and  the  yeast  thoroughly  roused  up  with  it,  the 
process  of  fermentation  commences ;  bubbles  of 
gas  rise  to  the  surface  until,  after  a  while,  the 
whole  of  the  surface  becomes  covered  with  a 
creamy  froth.    As  the  fermentation  progresses 


and  the  decomposition  of  the  sugar  becomes 
more  rapid,  the  greater  is  the  amount  of  car- 
bonic acid  which  is  liberated,  and  the  froth 
swells  up  to  such  an  extent  that  at  last,  not  be- 
ing able  to  resist  any  further  tension,  it  topples 
over,  giving  rise  to  that  '  rocky '  appearance 
which  is  seen  on  the  surface  of  healthy  fer- 
mentations during  the  earlier  stages.  At  the 
same  time  the  temperature  of  the  liquid  will  be 
noticed  to  rise  steadily.  If  this  goes  on  too  fast  it 
must  be  checked  to  a  slight  extent  by  running 
some  cold  water  through  the  attemperator. 
Under  normal  conditions  a  rise  of  1°  ought  to 
take  place  in  six  hours,  so  that  at  the  end  of  about 
sixty  hours  the  temperature  of  the  fermenting 
wort  would  have  risen  to  70°r. ;  the  beer  will 
at  the  same  time  have  attenuated  to  about 
one-half.  Thus  a  beer  wort  which  had  a  specific 
gravity  of  1050  at  time  of  pitching  will  now 
show  an  apparent  specific  gravity  or  attenuation 
of  about  1023. 

This  is  about  the  highest  point  the  tempera- 
ture is  allowed  to  rise  to.  When  therefore  this 
point  is  reached,  the  separation  of  the  yeast 
from  the  beer,  or  the  cleansing  process,  is  com- 
menced. 

Up  to  this  stage  from  the  time  of  pitching, 
the  fermentation  is  very  closely  watched  by  the 
brewer,  and  the  temperature  and  attenuation 
taken  at  intervals  of  about  five  hours.  If  the  fer- 
mentation goes  on  too  rapidly  it  is  easily  con- 
trolled by  running  more  water  through  the  at- 
temperator. 

When  the  yeast  is  first  added  to  the  wort  it 
lays  hold  of  the  free  oxygen  which  has  been 
dissolved  by  the  passage  of  such  wort  over  the 
refrigerators,  and  not  until  the  greater  portion 
of  that  oxygen  is  used  up  do  the  yeast  cells 
begin  to  attack  the  sugars  of  the  wort  and  split 
them  up  into  carbonic  acid  and  alcohol.  It  has 
been  found  in  practice  that  the  fermentation 
pi'oceeds  more  satisfactorily  if  a  certain  amount 
of  aeration  is  carried  on  during  the  process.  This 
can  be  done  by  pumping  air  into  the  tun  of 
fermenting  wort,  but  yeast  not  only  requires  a 
limited  amount  of  air,  but  also  a  vigorous 
motion  from  time  to  time,  in  order  to  enable  it 
to  do  its  work  effectually  as  well  as  to  render  it 
capable  of  being  eliminated  from  the  beer.  Hence 
a  thorough  rousing  by  means  of  long  paddles  or 
oars  worked  with  hand,  or  by  some  form  of  the 
various  machines  introduced  for  this  purpose,  is 
necessary  at  stated  intervals,  more  especially 
where  the  fermentation  is  inclined  to  be  at  all 
sluggish. 

34.  Cleansing.  The  separation  of  the  yeast 
from  the  beer  may  be  accomplished  in  many 
ways,  the  three  principal  systems  are  knowia 
as  : 

The  cleansing  system,  as  practised  in  some 
London  breweries,  and  also  in  Burton,  but  on  a 
very  much  improved  method. 

The  skimming  system,  as  generally  adopted 
throughout  the  South  and  West,  as  well  as 
many  other  parts  of  England,  and 

The  stone  square  system,  which  is  almost 
exclusively  confined  to  Yorkshire. 

In  London  and  indeed  in  many  country 
breweries  the  cleansing  is  effected  by  running 
the  beer  from  the  fermenting  tun  by  means  of 
a  hose  into  ordinary  SO-gallon  casks,  arranged 


in  rows  side  by  side  on  a  wooden  trougli  or 
stillion,  about  two  feet  from  the  ground.  The 
beer  remains  in  these  casks  for  some  daj's,  the 
bunghole  being  left  open,  and  through  it  the 
yeast  works  out  and  falls  into  the  stillion.  As 
the  yeast  works  over,  more  beer  is  added  to  each 
cask,  so  that  by  the  time  the  beer  is  freed 
entirely  from  the  yeast,  each  cask  is  full  and 
ready  to  be  bunged  up,  and  sent  away  for  con- 
sumption, for  London  beer  fermented  upon  this 
system  is  generally  drunk  within  a  week.  This 
method  of  cleansing  is,  however,  being  rapidly 
replaced  by  the  skimming  system  ;  this  in  prin- 
ciple simply  consists  in  skimming  off  the  yeast 
from  the  surface  of  the  liquid  from  time  to  time 
as  it  rises  to  the  top,  and  may  be  effected  either 
in  the  feiTnenting  tun  itself,  or,  which  is  much 
preferable,  in  the  cleanser.  The  beer,  when  it  has 
attained  the  proper  degree  of  attenuation  and 
temperature,  is  run  down  from  the  fermenting 
tun  along  with  the  yeast  into  a  large  square 


wooden  tank  called  the  skimming  back  or  settler 
(tig.  13,  b).  This  is  fitted  with  attemjjerators 
which  run  round  the  sides ;  at  one  end  are  fixed 
two  parachutes,  which  are  simply  large  flat 
funnels  of  copper  having  pipes  4  inches  iu 
diameter  attached  to  them,  the  whole  being  tinned 
over,  and  capable  of  being  raised  or  lowered 
at  pleasure  by  means  of  a  screw  and  winch 
handle. 

When  the  liquor  is  run  into  the  settler, 
owing  to  the  thorough  aeration  which  it  receives 
in  so  doing,  a  vigorous  fenuentation  takes  place, 
and  unless  carefully  watched  the  temperature 
is  apt  to  rise.  At  this  point  attemperation  must 
be  attended  to,  but  the  fermentation  must  not 
receive  too  severe  a  check.  Soon  a  tilm  of  yeast 
mixed  with  carbonic  acid  gas  appears  on  the 
surface  of  the  liquid,  which  gradually  gels 
thicker,  so  that  about  G  hours  after  tunning  or 
running  into  the  cleansing  tank,  the  first  head 
of  yeast  is  ready  to  be  skimmed  off.  This  is  done 
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by  means  of  a  plank  as  long  as  the  tank  is  wide, 
furnished  with  handles,  and  held  vertically  by 
two  men  at  the  end  opposite  to  the  parachutes, 
in  such  a  position  that  one  end  of  the  plank 
just  touches  the  surface  of  the  liquid  imme- 
diately beneath  the  head  of  the  yeast.  This 
plank  is  then  gradually  moved  along  the  length 
of  the  tank,  pushing  the  yeast  before  it.  The 
parachutes  are  fixed  so  that  they  will  just  receive 
the  yeast  which  ovcrtiows  into  them,  which  is 
then  conveyed  into  slate  tanks  placed  immediately 
beneath  (see  fig.  13,  c).  Here  it  is  allowed  to 
remain  for  some  hours,  being  roused  occasion- 
ally so  as  to  drive  off  the  carbonic  acid  gas  as 
well  as  to  enable  the  beer  which  has  come  over 
with  it  to  settle  out,  and  which  is  drawn  off 
through  a  tap  at  the  bottom  of  the  tank.  The 
yeast  is  either  pressed  and  sent  away,  or  used 
for  pitching  fresh  wort. 

After  the  first  skimming  the  yeast  still  con- 
tinues to  throw  up  a  cleaner  and  whiter-lookhig 
head,  so  that  in  about  three  or  four  hours'  time 
a  second  skimming  is  made,  and  so  on  every 
three  or  four  hours  until  all  of  the  yeast  has 
separated  from  the  beer.  It  is  generally  found 
that  from  four  to  live  skimmings  are  necessary 
to  effect  this.    After  the  last  skimming  a  thin 


but  tough  film  of  yeast  forms  on  the  surface ; 
this  is  allowed  to  remain,  and  serves  as  a 
covering  to  protect  the  beer  from  aerial  contami- 
nation and  from  oxidation,  as  well  as  to 
prevent  the  escape  of  carbonic  acid.  A  general 
view  of  these  skimming  backs  is  shown  in 
fig.  14. 

It  usually  remains  from  two  to  throe  days 
in  the  settlers  after  the  last  skimming,  so  as  to 
allow  all  matters  in  suspension  to  settle  out. 
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At  the  end  of  that  time  the  beer,  which  is  now 
very  nearly  if  not  quite  bright,  is  run  down  into 
a  large  tank,  termed  a  racking  square,  where, 
after  remaining  a  few  hours,  it  is  racked  oft'  into 
trade  casks,  either  to  be  sent  away  for  con- 
sumption or  to  be  stored  for  some  time  to 
mature. 

The  Burton  Union  system,  as  the  Burton 
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system  of  cleansing  is  called,  may  be  regarded 
as  the  scientific  development  of  the  old  London 
system  of  cask  cleansing  on  stillions.  In  this 
system  a  number  of  casks  or  unions  (fig.  15)  capa- 
ble of  holding  four  barrels  of  beer,  are  i^laced  side 
by  side  in  two  rows  ;  these  are  hung  in  sets  of 
twelve  or  more  on  a  substantial  frame,  so  as  to 
admit  of  a  free  revolution  of  each  cask  on  its 
axis,  so  that  when  the  casks  are  to  be  washed 
they  can  be  filled  with  boiling  water,  bunged  up, 
and  rapidly  revolved.  Supported  on  the  same 
frame,  and  immediately  above  and  running 
parallel  with  these  rows  of  casks,  is  a  long 
shallow  trough  called  the  yeast  trough,  and  at 
one  end  and  at  right  angles  to  it  is  another 
trough  called  the  feeding  trough.  Prom  this 
trough  a  pipe,  two  inches  in  diameter,  runs 


along  the  whole  length  of  the  scries  of  casks  on 
either  side,  and  is  connected  with  each  cask  by 
T-pieces  and  screw  unions.  At  the  highest  part 
of  each  cask  is  fixed  a  ground-brass  socket,  into 
which  is  fitted  a  peculiarly  shaped  pipe  of  tinned 
copp)er,  termed  a  swan-neck,  which  is  arranged 
to  bend  over  the  yeast  trough,  and  serves  to 
convey  the  yeast  thrown  off  during  cleansing  to 
this  trough.  In  order  to  keep  the  casks  full  a 
certain  quantity  of  wort  is  placed  in  the  feeding 
trough,  which  is  allowed  to  run  into  the  casks 
from  time  to  time  to  replace  the  yeast  (and  beer 
carried  over  with  the  yeast)  which  has  worked 
over  into  the  yeast  trough.  After  a  time  the 
beer  carried  over  with  the  yeast  separates  out 
and  is  allowed  to  flow  into  the  feeding  trough 
through  a  series  of  holes  m  the  end  ot  the  yeast 
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trough  nearest  to  the  feeding  trough,  of  which  it 
forms  one  of  the  sides;  these  holes  are  closed 
with  corks,  and  the  man  in  charge  ascertains  by 
trial  at  which  holes  the  beer  will  run  off  free 
from  yeast,  and  accordingly  opens  these  in  turn 
so  that  the  casks  are  always  kept  more  or  less 
full  of  beer.  This  feeding  or  sparging  is  done 
at  intervals  of  three  hours  until  the  active  fer- 
mentation has  ceased.  After  the  fermentation 
has  subsided,  and  no  more  yeast  is  observed  to 
come  over,  the  swan-necks  are  removed,  the 
casks  bunged  up,  and  the  contents  allowed  to 
remain  at  rest  for  a  few  days  longer  for  the 
purpose  of  allowing  any  yeast  or  other  matters 
that  may  have  remained  in  suspension  to  settle 
down  to  the  bottoms  of  the  casks.  The  clear  ale 
is  then  drawn  off  by  means  of  a  screw  tap  fixed 
at  the  lower  part  of  each  cask.  The  tap  projects 
six  inches  upward  into  the  cask,  so  as  to  prevent 


the  sediment  or  grounds  from  being  drawn  oS 
at  the  same  time  as  the  clear  liquor.  From  these 
taps  the  finished  beer  is  delivered  by  means  of  a 
trough  running  underneath  them  into  a  large 
settling  back  or  racking  vessel,  where  it  is 
allowed  to  settle  for  a  short  time  before  being 
drawn  or  racked  off  into  trade  casks. 

Where  the  Union  system  is  employed  no 
attemperators  whatever  are  used  in  the  fer- 
menting tuns,  the  time  for  the  beer  to  be 
tunned  being  regulated  entirely  by  the  tempera- 
ture. As  soon  as  70°  is  attained  the  beer  is 
immediately  run  into  the  unions.  Neither  are 
any  attemperators  used  in  these  casks  in  winter, 
but  during  the  summer  months  free  recourse  is 
had  to  attemperating.  Fig.  10  gives  a  very  good 
idea  of  the  Union  system  of  cleansing. 

Space  will  not  permit  us  to  enter  into  a 
detailed  description  of  the  various  other  systems 
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of  fermontation  carried  on  in  this  country,  and 
we  must  now  pass  on  to  treat  very  brietly  of  the 
Geniian  system  of  beer-brewing. 

The  German  or  decoction  method  of  mashing 
is  generally  carried  out  as  follows  : 

Ground  malt  is  run  into  the  mash  tun,  in 
which  are  two-thirds  of  the  required  water  at 
the  ordinary  temperature  of  the  air ;  here  it  re- 
riains  for  two  hours.  In  the  meantime  the 
remainder  of  the  water  is  heated  to  boiling  in 
the  copper,  and  then  run  slowly  into  the  mash 
tun,  the  rakes  at  the  same  time  kept  revolving 
at  a  good  speed.  By  this  means  the  temperature 
of  the  mash  is  raised  to  <)5°F.-100°F.  The 
first  thick  mash  (about  one-third  of  the  whole) 
is  now  drawn  off  into  the  copper  and  boiled  for 
thirty  minutes,  and  then  returned  to  the  mash 
tun,  the  temperature  of  which  is  thus  raised  to 
11G°F.,  the  rakes  being  kept  going  during  the 
addition  of  the  first  boiled  mash.  A  second 
tliick  mash  is  now  drawn  off  into  the  copper 
and  heated  to  boiling-point,  and  kept  boiling  for 
fifteen  minutes,  and  then  run  back  again  to 
the  mash  tun,  the  temperature  being  now  raised 
to  14'JT.  After  this  the  clear  part  of  the  mash 
is  run  off  and  boiled  in  the  copper  for  fifteen 
minutes  and  run  back  again  to  mash  tun  ;  the 
temperature  of  the  mash  is  now  167^F.  The 
mash  is  now  covered  up,  and  allowed  to  lie  for 
one  to  one  and  a  half  hours  ;  the  taps  are  then 
Bet,  and  the  clear  wort  boiled  for  two  hours 
with  hops  at  the  rate  of  about  2  A  lbs.  of  hops  to 
every  100  lbs.  of  malt  used.  The  wort  is  then 
drawn  oil  and  run  over  coolers  and  refrigerator, 
where  it  is  cooled  doxvn  to  40°F.,  and  thence  to 
femienting  tuns,  which  are  generally  placed 
under  ground  in  order  that  they  may  be  kept 
cool  by  ice  ;  and  for  that  purpose  small  ferment- 
ing vessels  of  about  twenty  barrels  capacity  are 
used.  These  are  filled  nearly  full  with  the 
wort,  and  bottom  yeast  in  the  proportion  of 
about  1  lb.  to  every  5  barrels  of  wort  added ; 
the  yeast,  previous  to  being  added  to  the  wort,  is 
first  mixed  with  some  wort  of  the  former  day's 
brewing,  and  thoroughly  aerated  by  repeated 
l^ouring  from  one  vessel  to  the  other,  and  then 
put  aside  in  a  warm  place  for  some  hours,  so 
that  by  the  time  the  wort  is  ready  to  be  pitched 
a  lot  of  new  and  vigorous  yeast  colls  have 
already  formed  and  the  fermentation  is  well 
started.  During  the  earlier  stages  of  fermenta- 
tion a  slight  head  rises  to  the  surface ;  later  on 
the  yeast  deposits  on  the  bottom  of  the  ferment- 
ing vessels.  During  this  primary  fermentation, 
which  lasts  about  twelve  days  or  more,  the 
temperature  of  the  fermenting  wort  is  kept  at 
about  i4°F.  When  the  primary  fermentation 
is  finished  the  attenuation  has  run  down  to 
about  one  half  the  original  gravity  of  the  wort, 
and  the  beer  is  run  off,  as  free  as  possible  from 
sediment,  into  casks,  ranged  in  tiers  on  either 
side  of  large  cellars,  which  are  kept  cold  by  ice. 
Here  they  are  allowed  to  reiiuiin  for  some  months, 
during  which  time  a  secondary  fermentation  goes 
slowly  on,  and  the  beer  gradually  clears  itself 
until  it  becomes  brilliant  and  lit  for  use. 

Where  beer  is  required  for  quick  consumption 
it  is  usual  in  order  to  enable  it  to  become  bright 
ra])idly  to  add  a  solution  of  isinglass,  or  '  finings  ' 
at  tlic  rate  of  1  to  1  pints  or  more  per  barrel  of 
beer. 


The  isinglass  unites  chemically  with  the 
tannic  acid  which  is  nearly  always  present  in 
beer,  forming  a  gelatinous  flocculcnt  preoipilale 
of  tannate  of  gelatin  ;  this  very  soon  sinks  to 
the  bottom  of  the  cask,  carrying  all  matter  in 
suspension  with  it  and  leaving  the  beer  clear 
and  brilliant. 

Finings  are  generally  made  by  dissolving 
isinglass  in  sour  beer.  This  is  a  crude  and  dan- 
gerous method.  In  the  tirst  place  the  isinglass 
takes  several  weeks  to  dissolve,  and  secondly,  by 
means  of  this  sour  or  turned  beer  a  great  risk  is 
run  of  introducing  into  the  sound  fresh  beer  all 
kinds  of  disease  germs,  but  more  particularly 
S.  }}astorianus,  as  well  as  the  roj)y  and  lactic 
ferments. 

The  best  and  purest  finings  are  undoubtedly 
made  by  dissolving  good  isinglass  in  dilute  solu- 
tion of  sulphurous  acid,  and  on  no  account 
should  any  other  kind  of  finings  be  used  in  the 
brewery. 

Beer  which  is  not  required  for  immediate  use 
is  stored  in  cellars  at  a  temperature  of  5-1-F., 
either  in  vats  or  in  the  casks  in  which  it  is  to  be 
sent  out.  Such  beers  are  generally  not  fined, 
and  each  cask  is  furnished  with  a  porous  spile 
or  vent  peg  to  allow  of  the  escape  of  a  portion  of 
the  carbonic  acid  produced,  owing  to  a  secondary 
fermentation  which  always  sets  up  in  casks  when 
beers  are  stored  for  any  time. 

Chemical  analysis  of  a  beer  should  be  made 
shortly  after  racking,  and  before  the  sccondaiy 
fermentation  in  cask  has  commenced.  Such  an 
analysis,  calculated  on  the  solid  extract  of  the' 
original  unfermented  wort,  will  show 

a.  Matter  fermented,  p.c. 

b.  Maltose  unfermented. 
c  DcNtrin  unfermented. 
(I.  Albuminoids,  ash,  Ac. 

As  the  character  and  keeping  properties  of  a 
beer  depend  to  a  very  large  extent  on  the  per- 
centage of  unfermented  dextrin  which  it  contains, 
it  would  appear  very  desirable  that  an  analysis 
of  those  beers  required  for  stock  or  export 
should  occasionally  be  made,  so  that  an  idea 
may  be  obtained  as  to  the  constancy  or  otlier- 
wise  of  their  composition,  and  hence  their 
suitability  for  the  pui-pose  for  which  they  were 
intended. 

Generally,  at  time  of  racking,  and  indeed  in 
some  cases  at  different  stages  of  the  brewing  pro- 
cess, some  form  or  other  of  antiseptic  is  added 
to  the  beer  for  the  purpose  of  protecting  it 
against  the  germs  of  disease  to  which  from  one 
cause  or  another  it  is  so  subject.  The  substances 
most  generally  employed  for  this  purpose  are 
calcium  bisulphite  and  salicylic  acid.  Lately  a 
particular  form  of  potassium  sulphite,  known  as 
kalium  metasulphite,  lias  been  introduced  for 
this  purpose.  Tlie  antiseptic,  whatever  it  may  be, 
is  added  either  to  the  beer  whilst  in  the  rac  king 
scpiare  or  to  the  beer  in  cask  just  after  racking, 
if  calcium  bisulphite,  at  the  rate  of  |  to  ^  pint 
per  barrel,  or  salicylic  at  the  rate  of  J  ounce  or 
less  per  barrel. 

Experience  shows  that  calcium  bisulphite  is 
much  to  be  preferred  to  salicylic  acid,  but  the 
chief  objection  appears  to  be  the  smell  which  it 
sometimes  imparts  to  the  beer,  especially  when 
used  in  any  quantity.  This  may  be  got  over  by 
i  using  kalium  metasulphite  instead,  which  is 
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claimed  by  the  discoverers  to  be  much  more  | 
powerful  in  its  action  than  bisulphite,  whilst  it 
imi^arts  no  smell  to  the  finished  beer. 

Absolute  cleanliness  in  every  part  of  the 
brewery  and  in  every  portion  of  the  plant  is 
necessary,  for  unless  due  regard  be  paid  to  this 
point,  no  matter  how  good  the  materials  or  how 
perfect  the  process  of  manufacture,  the  quality  of 
the  finished  article  will  be  sadly  defective  in  its 
most  vital  characteristic,  viz.  keeping  properties  ; 
false  ferments  and  micro-organisms  of  all  kinds 
will  be  taken  up  by  the  beer  at  all  stages  of  its 
manufacture,  rendering  it  after  a  time  sour, 
unpalatable,  and  unfit  for  consumption.  In 
order  to  obviate  this,  every  portion  of  plant, 
when  not  in  use,  should  be  thoroughly  well 
cleansed  and  disinfected  with  suitable  agents, 
such  as  chloride  of  lime,  calcium  bisulphite, 
caustic  potash,  &c.,  but  for  full  details  on  this 
important  question  the  reader  is  referred  to  a 
most  valuable  paper  by  A.  Hartley  in  the  Trans, 
of  the  Laboratory  Club,  1,  42.  J.  H. 

BEI DELIA  BARK  or  ASDUANA.  The  bark 
of  Bridelia  montcma  is  a  useful  Indian  astringent 
(Dymock,  P.  [3]  7,  309) 

BRILLIANT  COTTON  BLUE  v.  Tripiienvl- 

METHANE   COLOURINO  MATTER. 

BRILLIANT    CONGO    v.    Azo-  colouring 

MATTERS. 

BRILLIANT    CROCEIN  v.   km-  colouring 

MATTERS. 

BRILLIANT  GREEN  v.  Triphenylmethane 

COLIUUilNG  MATTERS. 

BRILLIANT  ORANGE    v.    Azo-  colouring 

M.VTTF.RS. 

BRILLIANT   PONCEAU  v.  Azo-  colouring 

MATTERS. 

BRILLIANT  SCARLET  v.    Azo-  colouring 

MATTERS. 

BRILLIANT    YELLOW  v.  Azo-  colodhing 

MATTERS  and  NiTRO-DYES. 

BRIMSTONE  v.  Sulphur. 

BRINDONIA  INDICA.  A  plant  belonging  to 
the  order  Guttifcrcc.  The  j^ericarp  of  the  fruit 
is  used  at  Goa  as  a  sxjiee  and  the  blood-red  acid 
juice  as  a  lemonade.  The  seeds  yield  30  p.c.  of 
fat,  which  contains  50  p.c.  of  stearic  acid.  The 
cake  left  after  the  removal  of  the  fat  contains  a 
fine  red  colouring  matter  soluble  in  water  and 
alcohol  (ISouis  a.  Pimentel,  C.  E.  44,  1,355). 

BRIQUETTES  v.  Fuel  ;  also  Pitch. 

BRITANNIA  METAL.  Is  an  alloy  of  vari- 
able composition,  usually  containing  only  tin 
and  antimony,  although  brass  and  bismuth  are 
sometimes  added. 

An  alloy  consisting  of  9  parts  of  tin  and  1 
part  of  antimony  is  attacked  slightly  by  solu- 
tions of  common  salt,  potassium,  ammonium, 
and  magnesium  chlorides,  potassium  sulphate, 
potassium  nitrate,  and  sodium  carbonate.  Caustic 
soda  has  a  more  marked  action  (D.  P.  J.  221, 
259). 

This  alloy  is  used  in  the  manufacture  of 
teapots,  spoons,  and  dish-covers. 

Articles  made  from  it  may  be  coloured  by 
heating  them  for  15  to  30  minutes  in  a  bath 
made  by  mixing  2  lbs.  of  water,  lA  oz.  of  cream 
of  tartar,  l  oz.  of  tartar  emetic,  2  oz.  of  hydro- 
cliloric  acid,  y  lb.  of  pulverised  zinc  and  1  oz.  of 
powdered  antimony.  This  gives  them  a  bril- 
liant lustre. 


1  By  heating  in  a  bath  composed  of  1  part 
tartar  emetic,  1  part  cream  of  tartar,  3-4  of 
hydrochloric  acid,  and  3-4  of  ground  antimony, 
the  following  tints  may  be  obtained— golden, 
coi^per-red,  violet,  and  blue-grey. 

A  metallic  ring  can  be  given  to  articles  made 
of  Britannia  metal  by  heating  them  in  an  oil 
bath  to  220°C.  and  then  cautiously  raising 
the  temperature  to  below  3°  above  the  fusing 
point  of  the  alloy.  Small  articles  must  be  kept 
at  this  temperature  for  from  15  to  30  minutes, 
large  articles  for  one  hour  ;  the  bath  is  then 
allowed  to  cool.  The  rapidity  of  the  cooling 
seems  to  have  no  appreciable  effect  (D.  Ind.  Ztg. 
187(5,  507)  ;  v.  Antimony. 

BRITISH  GUM  r.  Dextrine. 
BRITTLE  SILVER  GLANCE  and  BRITTLE 
SILVER  ORES  v.  Silver,  orics  of. 

BRITTLE  SILVER  SULPHIDE  v.  Silver, 

ores  I  IE. 

BROCHANTITE.  A  native  basic  copper  sul- 
phate found  at  Boughton  Gill,  Cumberland,  in 
Arizona,  New  South  Wales,  and  other  places. 
Made  artificially  by  Meunier  (C.  R.  80,  086), 
by  allowing  fragments  of  galena  to  remain 
for  eleven  months  in  a  solution  of  copper 
sulphate. 

BROGGERITE.  A  mineral  from  Annerod 
near  Moss,  Norway,  of  sp.gr.  8-73,  hardness  5- 
6.  It  contains  90-87  U.O,:  0  81  SiO..,  8  41  PbO, 
5-04  ThO,  0-38  CeO,  2-42  YO,  1-26  FcO,  0-30 
CaO,  0-83  H,,0  (Blomstrand,  J.  pr.  [2]  29,  191  ; 
C.  J.  [2]  46,  1,102). 

BROGNIARDITE.  A  sulphantimonite  of 
lead  and  silver,  il'ijAgS.Sb^S.,,  from  Mexico,  con- 
taining according  to  Damour  (Ann.  Min.  [4]  16, 
227)  19-38  p.c.  S,  29-95  Sb,  25-03  Ag,  24-74  Pb, 
0-54  Cu,  and  0-04  Zn. 

BROMINE.  Sym.  Br.  At.  wt.  79-75.  An  ele- 
ment belonging  to  the  class  of  the  halogens  ;  dis- 
covered by  Balard  in  1820.  Name  from  )3pai .nos,  a 
stench.  Never  found  free  ;  chiefly  in  combination 
with  alkalis  and  alkaline  earths.  As  AgBr,  in 
Mexico  and  Chili ;  in  some  Silesian  zinc  ores, 
and  in  Chili  saltpetre.  In  sea-water  (in  the 
ratio  of  340  mgm.  Br  to  100  gr.  CI)  and  in  many 
mai'ine  plants  and  animals,  and  in  many  saline 
springs. 

At  ordinary  temperatures  is  a  dark  brown- 
red  liquid  of  most  irritating  smell,  very  volatile ; 
vapour  yellowish  red,  and  becoming  less  trans- 
parent when  heated. 

Boils  at  59°  and  solidifies  at  —7°  to  a  grey- 
brown  crystalline  mass  with  semi-metallic  lustre. 
Vapour  acts  on  mucous  membrane  and  occasions 
great  irritation.  Sp.gr.  of  liquid  3-18828  2 
(Thorpe).  Water  dissolves  about  3|-  p.c.  of 
bromine  at  ordinary  temperatures,  and  the  solu- 
tion when  cooled  deposits  bromine -hydrate 
Br.JOHoO  in  red  octahedral  crystals.  The  solu- 
tion is  of  frequent  use  in  analysis  as  an  oxidising 
agent.  Very  soluble  in  alcohol,  ether,  carbon 
bisulphide,  and  chloroform.  Acts  as  a  bleacher 
and  disinfectant.  A  convenient  way  of  using  it 
as  a  disinfectant  is  to  saturate  compressed  rods 
of  kieselguhr  mixed  with  1  p.c.  of  lime  or  alkali 
with  the  liquid  [v.  infra). 

Exti  action  and  manufacture.  Bromine 
occurs  in  nature  principally,  and  so  far  as  its  in- 
dustrial preparation  is  concerned  exclusively,  in 
the  shape  of  bromides,  accompanying  in  small 
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quantities  the  chlorides  of  sodium,  calcium,  and 
magnesium.  Its  quantity  is  never  large  enough 
to  admit  of  its  being  prepared  directly  from  the 
raw  material,  but  where  the  latter  is  in  the  lirst 
instance  worked  for  sodium  chloride  and  other 
salts,  the  bromide  accumulates  in  the  mother- 
liquors,  and  can  be  recovered  from  these.  Thus 
Balard,  in  1826,  discovered  bromine  in  the 
mother-liquors  obtained  on  making  common  salt 
from  sea-water,  and  for  many  years  it  was  pre- 
pared from  the  mother-liquors  of  the  saltworks 
at  Kreuznach,  Schonebeck,  and  other  places  in 
Germany.  It  was  also  found  in  ISIG  in  similar 
mother-liquors  in  America,  especially  those  at 
Natrona  and  Tarentum,  later  on  at  Pittsburg, 
Syracuse,  Pomeroy  (Ohio),  and  in  the  Kanawha 
region  in  West  Virginia  (Mason  City,  Parkers- 
ville,  &c.). 

Until  about  1860  the  little  bromine  that  was 
used  was  nearly  all  for  scientific  purposes. 
Then,  however,  medicine  and  photography  began 
to  demand  a  greater  supply  of  bromides,  and 
later  on  the  manufacture  of  coal-tar  dyes  raised 
an  even  more  extended  demand  for  bromine.  It 
became  now  remunerative  to  recover  it  in  the 
working  up  of  kelp  for  iodine,  but  this  yielded 
only  little  and  impure  bromine,  and  was  not  long 
continued.  An  idea  was  conceived  of  recover- 
ing it  from  the  water  of  the  Dead  Sea,  but 
the  project,  hardly  practicable  in  itself,  was 
given  up  when  Dr.  Franck  had  shown  that 
an  ample  supply  of  bromine  could  be  obtained 
from  the  moth^er-liquors  of  the  Stassfurt  potash 
industry  (comp.  Potassium  chloride).  He  com- 
menced his  practical  operations  in  1865,  when 
he  manufactured  about  15  cwt.  of  bromine ;  in 
1867  the  output  had  already  increased  to 
7^',  tons,  and  in  1885  the  Stassfurt  production  of 
bromine  was  estimated  at  200  tons  per  annum, 
the  price  having  gone  down  from  50  or  60 
(sometimes  as  much  as  90)  marks  per  kilo- 
gramme to  2j  marks.  This  lowering  of  the 
price  was  principally  due  to  the  fact  that  since 
1HP8  the  Americans  had  come  into  the  market 
with  bromine  made  from  the  above-named  salt- 
works ;  their  liquors  contain  so  much  of  it  that 
they  are  able  to  sell  much  below  Stassfurt 
prices,  but  the  difficulty  of  carriage  across  the 
ocean  i)revents  the  American  bromine  from  en- 
croaching too  much  upon  the  European  pro- 
duction. The  output  in  America  is  stated  to  be 
about  120  tons.  Adding  about  20  tons  obtained 
from  the  nitrate  of  soda  works  and  elsewhere, 
the  total  annual  production  of  bromine  may  be 
estimated  at  present  at  100  tons,  but  much  more 
would  be  produced,  both  at  Stassfurt  and  in 
America,  if  there  was  a  demand  for  it. 

We  shall  here  give  a  description  of  the  pro- 
cesses actually  followed  at  Stassfurt,  as  these 
have  been  improved  by  the  constant  endeavours  of 
able  chemists,  and  appear  to  be  superior  to  those 
practised  elsewhere.  The  raw  material  worked 
at  Stassfurt,  crude  carnallite  (v.  Potassium 
chloride),  contains  bromine  in  the  shape  of 
magnesium  bromide,  forming  about  1  p.c.  of  the 
magnesium  chloride  present.  Tlio  magnesium 
bromide  accumulates  together  with  the  mag- 
nesium chloride  in  the  '  final  mother-liquor,' 
which  was  fornierlyrun  to  waste  in  the  majority 
of  works,  but  which  may  become  one  of  the 
most  importiuit  sources  of  chlorine  compounds 


in  the  world.  This  mother-liqnor  contains  from 
015  to  0-35,  usually  from  025  to  0-2'J  p.c.  of 
bromine.  Attempts  made  to  obtain  a  product 
richer  in  bromine  by  concentration  and  crystal- 
lisation of  part  of  the  magnesium  chloride  have 
failed,  and  the  liquor  is  always  submitted,  as  it 
is,  to  the  process  of  separating  the  bromine 
therefrom. 

The  separation  of  the  bromine  from  the 
solution  containing  it  as  magnesium  bromide 
is  always  effected  by  means  of  chlorine.  The 
chlorine  is  either  generated  outside  and  passed 
into  the  liquor,  or  it  is  generated  within  the 
latter  by  means  of  hydrochloric  acid  and  man- 
ganese ore.  A  process  patented  by  Leisler  in 
1865,  consisting  in  distilling  the  liquor  with 
potassium  bichromate  and  hydrochloric  acid,  is 
more  costly  without  offering  any  corresponding 
advantage,  and  seems  never  to  have  been  practi- 
cally earned  out  at  Stassfurt. 

The  apparatus  employed  by  the  majority  of 

I  works  (Pfeiffer,  H.  dcr  Kali  Ind.  1887,  32:5)  is 
shown  in  fig.  1.  a  is  a  chlorine  still  of  about 
100  cubic  feet  in  capacity,  made  in  the  usual  way 
from  heat-  and  acid-resisting  stone,  either  in  one 
piece  or  composed  of  several  stones  joined  in 

I  the  w-ell-known  marmer,  and  strongly  bound  by 

i  iron  ties.    The  stone  should  be  tight  without 

,  boiling  it  in  tar,  as  the  latter  causes  losses  by 
combining  with  bromine,  amounting  to  a  hun- 
dredweight of  bromine  for  each  new  coat  of  tar. 
a  is  a  double  bottom  consisting  of  stone  flags, 
on  which  a  charge  of  4  cwi.  of  soft  manganese 
ore  is  spread,  which  lasts  for  several  operations. 
The  cover  can  be  lifted  up  by  means  of  the 
rope  c,  pulleys  dd,  and  counterpoise  c.  It  con- 
tains a  man-hole  with  lid  /,  an  acid-pipe  g,  and 
a  gas-delivery  pipe  h,  ajid  a  stoneware  steam- 
pipe  k.  B  is  a  tank  with  float  for  the  previous 
heating  of  the  mother-liquor  by  means  of  the 
steam-coil  i.  Through  I  the  spent  liquor  is  run 
oS  after  each  operation  into  the  covered  shoot  in. 

The  bromine  vapour  is  carried  through  the 
lead  pipe  /:  into  the  stoneware  worm  c,  where 
liquid  bromine  is  condensed  and  Hows  through 

;  the  glass  adapter  n  into  the  glass  bottle  d, 
holding  8  litres.  The  jar  e  seiTes  for  receiving 
the  water,  condensing  together  with  the  bromine 
and  containing  chlorine  and  bromine  ;  it  is  from 
time  to  time  syphoned  off  by  o.  The  uncon- 
densed  vapours  pass  into  the  jar  f,  charged 

j  with  moist  iron  borings,  where  the  bromine  is 
retained  in  the  shape  of  bromide  of  iron.  The 
jar  r  is  so  shaped  that  tlie  liquid,  when  frothing 
over  its  edge,  is  caught  in  the  annular  channel  p 
and  conducted  into  the  jar  o. 

When  the  still  a  has  received  its  charge  of 
mother-liquor,  previously  heated  to  (iO^C.  in  the 
tank  II,  the  man-hole  is  closed  and  17'5  kilos  of 
sulphuric  acid  ofsp.gr.  1-7  are  run  in.  The  acid 
pipe  g  is  closed  by  a  lump  of  moist  clay  (this 
would  be  unnecessary  if  it  was  made  to  dip 

,  below  the  surface  of  the  liquor  within  the  still), 
and  steam  is  passed  in  through  k,  whereupou 
chlorine  is  evolved  bv  the  reaction 
MnO..  +  MgCL  +  2H,S0, 
=  MnSO.'-t-  MgSO,  -h  2IL0  +  2C1. 
Tlie  chlorine  at  once  acts  upon  the  magnesium 
bromide  present  and  liberates  bromine,  which 
passes  over  at  first  almost  pure,  afterwards, 

,  when  the  temperature  rises  to  about  75"C.,  accom- 
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panied  hy  water  and  the  chloride  of  bromine 
which  remains  dissolved  in  the  water  together 
with  some  bromine.  If  the  distillation  is  carried 
further,  free  chlorine  is  given  off  as  well,  and 
even  some  hydrochloric  acid ;  it  is  the  latter 
which  at  the  end  of  the  operation,  when  act- 
ing upon  the  iron  borings  in  the  pan  r,  causes 
the  liquor  to  froth  over  in  consequence  of  the 
evolution  of  hydrogen.  Usually  the  distillation 
is  only  carried  on  till  the  pale  colour  of  'the 
gases  in  the  glass  adaj^ter  n  shows  that  there 
is  no  more  bromine  coming  over.  Each  opera- 
tion generally  takes  an  hour  or  an  hour  and  a 
half,  and  is  ended  by  knocking  out  the  plug  I 
and  running  off  the  liquor  through  the  covered 
shoot  m,  which  is  put  in  communication  with  a 
well-drawing  chimney.  About  once  a  week  the 
still-cover  must  be  lifted  up  in  order  to  re- 
charge the  still  with  manganese.  Soft  manganese 


is  preferred  to  hard,  because  the  dilute  acid  in  a 
does  not  act  well  upon  the  latter. 

The  bromine  condensed  in  the  bottle  d  is 
run  otf  by  a  siphon  or  a  glass  tap  into  another 
stand-bottle  holding  about  8  litres,  and  from  this 
into  the  rectifying  apparatus  {v.  inf.).  All 
these  operations  take  place  in  boxes  provided 
with  a  strong  inward  draught  in  order  to  protect 
the  men  from  the  bromine  vapour. 

In  the  best  case  each  operation  yields  2  or 
2-5  kilos  of  bromine,  corresponding  to  a  yield  of 
0'18  to  0'23  p.c.  of  the  mother-liquor ;  but 
usually  much  less,  down  to  0-1  p.c,  is  recovered, 
because  it  is  preferred  to  avoid  the  coming  over 
of  water  and  chloride  of  bromine,  which  acts 
very  strongly  upon  the  material  of  the  ap- 
paratus ;  also  because  there  is  usually  an  abun- 
dance of  mother-liquor  at  disposal.  But  even  in 
the  latter  case  the  usual  method  entails  several 


drawbacks  — namely,  losses  of  time,  trouble,  and 
bromine  by  the  constant  interruption  of  work 
and  considerable  contamination  of  the  bromine 
by  chlorine.  These  drawbacks  have  given  rise  to 
the  various  continuous  processes  for  preparing 
bromine,  the  first  of  which  was  patented  by  Dr. 
Franck  in  1878. 

In  this  kind  of  work  the  evolution  of  chLir- 
ine  always  takes  place  in  a  separate  still,  in  the 
usual  way,  by  decomijosing  manganese  ore  with 
hydrochloric  acid.  The  gaseous  chlorine  is 
passed  successively  through  a  series  of  decom- 
posing vessels  charged  with  heated  mother- 
liquor,  and  drives  otf  the  bromine,  without 
contaminating  it  with  sulphuric  acid  and  man- 
ganese salts  and  thus  disqualifying  it  from 
being  worked  up  for  solid  magnesium  chloride, 
as  is  the  case  with  the  old  process.  The 
four  decomjiosing  vessels  are  placed  at  dif- 
ferent levels,  so  that  the  mother-licjuor  run 
into  the  top  vessel  can  be  made  to  flow  succes- 
sively through  all  the  four  vessels.  The  chlorine 
gas  enters  below  the  surface  of  the  liquor  in 
the  bottom  vessel,  which  is  kept  at  a  boiling 


heat  by  means  of  steam,  so  that  all  the  bromine 
still  present,  together  with  an  excess  of  chlorine, 
passes  on  to  the  next,  higher  vessel,  and  so  forth 
to  the  top  vessel.  The  chloride  of  bromine 
formed  in  the  intermediate  vessels,  when  meeting 
in  the  top  vessel  with  fresh  mother-liquor,  yields 
its  chlorine  to  fresh  magnesium  bromide,  and 
thus,  provided  that  the  current  of  chlorine  has 
not  been  too  strong,  pure  bromine  vapour  will 
issue  at  the  top  end. 

This  process  secures  the  complete  exhaustion 
of  the  liquor,  together  with  the  complete  utilisa- 
tion of  the  chlorine  and  the  purification  of  tlie 
bromine  from  chlorine.  Its  drawback  is  not  so 
much  the  number  of  connecting  pipes  and  joints 
as  the  necessity  of  introducing  the  chlorine  gas 
below  the  surface  of  the  liquor,  thus  causing  a 
considerable  pressure,  especially  in  the  chlorine 
still  and  in  the  first  decomposing  vessel.  This 
drawback  is  avoided  in  the  apparatus  patented 
in  1882  by  the  Leopoldshall  Chemical  Works 
(G.  P.  Ko.  19,780),  and  shown  in  the  diagram 
tig.  2.  The  previously  heated  mother-liquor 
flows  through  the  hydraulically-sealed  pipe  a 
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into  the  column  a,  constructed  of  stoneware  or 
of  acid-resisiing  stone.  The  hquor  is  here  dis- 
tributed by  a  perforated  pipe  h  and  by  earthen- 
ware balls  cc,  filling  the  entire  space  of  a  above 
the  grating.  The  vapours  escaping  here  pass 
over  by  pipe  o  into  the  worm  j),  cooled  by  water, 
and  the  liquefied  bromine  is  collected  in  q.  The 
cistern  b  contains  four  stone  flags  ss,  leaving  an 
open  passage  at  alternate  ends,  as  shown  by  the 
arrows  ;  they  are  also  perforated  by  a  number  of 
small  holes.  A  stone  tube  g  serves  for  intro- 
ducing steam  ;  it  continues  at  the  bottom  of  b 
in  a  horizontal  tube  perforated  with  a  number 
of  holes.  The  li(iuor  which  has  passed  through 
the  column  a  runs  off  by  tube  z,  flows  over  the 
flags  5A'  from  one  to  another,  and  finally  issues 


by  the  pipe  t,  leading  from  the  bottom  of  n  to 
the  drain  k,  so  that  b  is  always  full  of  liquor. 
The  contents  of  b  being  kept  boiling  by  steam- 
pipe  g,  the  steam  rises  principally  through  the 
holes  of  the  flags  «s,  and  compels  the  liquor  to 
flow  through  the  passages  left  at  the  alternate 
sides.  Thus  the  liquor  is  completely  freed  from 
dissolved  chlorine  and  bromine,  which  rise  to 
the  top,  where  they  meet  fresh  chlorine  pas 
arriving  through  the  pipe  I  (shown  in  dotted 
lines)  from  the  washing-cistern  n.  The  mixed 
vapours  and  steam  are  conducted  through  pipe 
which  is  wide  enough  to  admit  of  their  passage, 
together  with  that  of  the  liquor  flowing  in  an 
opposite  direction,  and  in  rising  up  in  the  column 
A  they  decompose  the  magaesium  bromide 


Fig.  2. 


contained  in  the  mother-liquor  distributed  in 
small  drops  in  the  column. 

The  necessary  regularity  of  the  current  of 
chlorine  is  secured  in  the  following  manner. 
The  chlorine  gas  comes  from  a  still,  not  shown 
here,  through  pipe  hi,  to  which  is  joined  the 
bent  glass  tube  h,  provided  with  a  neck  in  the 
angle  of  its  bend.  This  serves  for  conductmg, 
by  means  of  an  indiarubbcr  tube  u,  the  condensed 
water  into  the  washer  n.  If  the  free  space  in 
the  bond  does  not  suffice  for  the  passage  of  the 
chlorine,  the  pressure  of  the  gas  will  drive  some 
water  through  m  into  d,  and  thus  the  level  of 
the  liquid  in  the  bend  of  ]i  will  sufficiently  ac- 
curately indicate  the  rate  of  evolution  of  the 
chlorine.  If  the  current  is  to  be  iiitorruptcd  the 
clastic  tube  u  is  taken  olT  from  the  limb  ij,  and 
the  bend  of  the  glass  lube  li  is  filled  with  water. 

The  bromine  vapour  escaping  uncondensed 
from  the  bottle  q  passes  through  x  into  the 
stoneware  tube  d,  suspended  in  a  movable  way 


by  means  of  rod  t  in  the  vessel  n.  In  the  tube<i 
there  is  a  grid  above  the  place  where  tube  x 
enters,  and  another  grid  is  provided  near  the 
top,  the  space  between  them  being  filled  with 
iron  borings  continually  kept  wet  by  a  stream  of 
water  from  tube  /.  Thus  all  the  remaining  chlor- 
ine and  bromine  is  condensed  in  the  shape  of 
iron  coniiiounds,  the  solution  containing  these 
overflows  through  v  into  the  jar  if,  while  the 
exhausted  air  escapes  at  the  top  of  d. 

The  apparatus  just  described,  by  which  at 
present  fully  half  of  the  bromine  manufactured 
at  Stassfurt  is  produced,  completely  exhausts 
the  liquor,  the  yield  of  bromine  being  0  '25  p.c. 
of  the  mother-liquor— that  is,  the  actual  average 
percentage  indicated  by  analysis.  It  represents 
a  considerable  saving  of  wages,  coals,  manganese, 
and  acid  in  comparison  with  the  old  process, 
and  the  waste  liquor,  being  practically  free  from 
chlorine,  causes  no  nuisance  to  the  neighbour- 
hood. 
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Purification  of  bromine.  Crude  bromins  con- 
tains generally  a  little  chloride  of  bromine,  bro- 
mide of  lead,  and,  it  it  lias  been  in  contact  with 
tar,  some  hydrocarbons.  The  latter  are  of  high 
boiling-point,  and  remain  behind  on  rectifying 
the  bromine,  as  well  as  the  lead  bromide ;  the 
chloride  of  bromine  is  removed  by  agitation 
with  a  solution  of  ferrous  or  potassium  bromide, 
or,  as  it  is  more  volatile  than  bromine,  by 
changing  the  receiver  on  distillation. 

The  rectification  is  carried  ■  out  in  glass 
retorts,  tubulated  or  not,  containing  15  kilos, 
bromine,  and  separately  placed  in  sand-baths, 
consisting  of  an  iron  pan  reaching  to  the  upper 
portion  of  the  retort,  and  heated  by  a  coal  fire 
from  below  and  round  the  sides.  The  neck  of 
the  retort  is  connected  with  a  glass  adapter, 
serving  for  a  preliminary  cooling,  and  througli 
this  with  a  receiver  in  the  shape  of  a  narrow 
necked  flask,  cooled  by  being  placed  in  a  water 
tub  and  by  water  running  on  it  from  the  top. 

According  to  Payen,  in  France  they  place  a 
little  sulphuric  acid  of  sp.gr.  1'80  into  tlie 
receiver,  in  order  to  form  a  protecting  layer 
over  the  bromine. 

The  distillation  is  carried  on  by  means  of  a 
very  slow  fire,  and  lasts  about  twenty-four  hours 
for  each  operation.  Cold  draughts  are  to  be 
carefully  avoided  in  order  to  prevent  the 
retorts  from  cracking.  When  properly  treated 
the  latter  stand  about  10  cwt.  of  bromine. 

The  cracking  of  the  retorts  is  even  more 
easily  prevented  when  heating  the  sand-baths 
by  means  of  steam  ;  but  the  smell  of  bromine 
pervading  the  room  is  more  prevalent  in  this 
case.  The  men  have,  however,  only  rarely  to 
enter  the  room,  and  protect  themselves  by  tying 
a  wet  cloth  above  the  mouths  and  noses.  Men 
addicted  to  drinking,  or  suffering  from  chest 
complaints,  are  much  more  subjected  to  the 
deleterious  effects  of  bromine  than  others;  but 
in  every  case  they  ought  to  take  fatty  food  (such 
as  bacon,  butter,  &c.),  and  to  avoid  even  slight 
wounds,  which  heal  with  great  difiiculty  under 
the  influence  of  bromine. 

Bromine  is  sold  in  strong  white  stoppered 
bottles,  holding  one  litre,  and  containing  2ii  or  3 
kilos,  of  bromine;  they  cost  at  Stassfurt  8^(1 
each.  The  glass  stoppers  must  be  well  ground  ; 
they  are  secured  by  pouring  some  shellac  on 
to  the  joint,  covering  them  with  clay  putty,  and 
tying  wet  parchment  paper  over  all.  Four  or 
six  such  bottles  are  placed  in  a  wooden  box, 
the  spaces  between  being  tightly  filled  with 
sawdust,  ashes,  or  kieselguhr.  j 

Pfeitler  gives  the  following  statement  of  the 
cost  of  producing  bromine  at  Stassfurt  with  the 
older  kind  of  apparatus.  1  kilo,  of  bromine 
costs : 

Marks 

Sulphuric  acid,  sp.gr.  1-53,  10-8  kilos. <7- 

at  41  Pf  /  -  ^^'^ 

Manganese  ore,  1-01  kilos  at  16  Pf.  .  =  O-lOG 
Brown  coal,  1-15  hectolitres  at  40  Pf.  .  =0-4(10 

Wages  =  0-i;)3 

Packages  (bottles,  etc.)        .       .       .    =  0-20S 

liepairs  =0-01)1 

Interest  and  amortisation    ,       .       ,  =0-100 

Total      ....  =1-(J'J3 
or,  say.  Is.  7\d. 
Vol.  I.— T 


With  the  continuous  apparatus,  fig.  2,  the 
cost  would  be  smaller. 

The  wholesale  selling  price  of  the  Stassfurt 
bromine,  which  is  almost  chemically  pure  and 
quite  free  from  iodine,  has  been  of  late  2-5  marks, 
or  temporarily  2-6  to  2-8  marks  per  kilo. 

Tiie  principal  applications  of  bromine,  whether 
in  the  free  state  or  in  the  shape  of  bromides, 
are  in  photography,  iu  medicine,  in  the  manu- 
facture of  a  few  coal-tar  dyes  (especially  cosine), 
and  iu  scientific  and  analytical  chemistry  ;  iu 
the  latter  it  has  to  a  great  extent  taken  the  place 
of  chlorine,  owing  to  the  greater  convenience  of 
its  manipulation.  A  similar  substitution  has 
been  proposed  for  many  technical  purposes,  but 
the  price  of  bromine  is  still  too  liigh  for  this 
end.  It  is  also  a  disinfectant,  and  has  found 
some  application  for  this  purpose,  especially  iu 
the  shape  of  hromuni  solidificutiiiii,  patented 
by  Dr.  Franck  (G.  P.  No.  21,044).  This  is 
kieselguhr,  made  plastic  by  moans  of  molasses 
&c.,  pressed  into  sticks  of  \  and  i  inch  diameter, 
dried,  burned  to  the  extent  that  the  sticks 
acquire  a  sufficient  degree  of  hardness  without 
losing  their  porosity,  and  saturated  with  li(|uid 
bromine  iu  wide-mouthed  stoppered  glass  bottles. 
After  the  excess  of  bromine  has  been  poured  off 
the  sticks  remain  behind,  containing  about  75 
p.c.  of  the  weight  of  bromine,  and  are  sold  iu 
the  same  bottles.  This  is  a  very  convenient 
form  of  applying  it,  as  a  certain  number  of 
sticks  represents  a  given  weight,  and  no  weighing 
out  of  liquid  bromine  is  required  ;  but  the  retail 
price  of  the  bromine  contained  in  this  hromum 
solid.ificatum  is  three  or  four  times  as  high  as 
the  wholesale  price  of  liquid  bromine. 

Bromide  of  iroa  is  made  at  Stassfurt,  prin- 
cipally for  the  manufacture  of  potassium  bro- 
mide (about  120  tons  per  annum).  It  is  a  com- 
pound of  the  formula  Fe,Br„,  containing  C5  to 
70  p.c.  of  bromine,  with  0-2  to  0-4  p.c.  chlorine 
(as  ferric  chloride),  17  p.c.  iron,  and  12  to  15 
p.c.  water.  We  have  seen  above  that  in  the 
manufacture  of  bromine  a  solution  of  ferrous 
bromide  (FeBr^)  is  obtained ;  but  most  of  it  is 
made  on  purpose  by  passing,  in  the  ordinary 
distillation  process,  the  first  portions  of  bromine 
which  are  free  from  chlorine  into  iron  borings, 
contained  in  a  cast-iron  or  stoneware  vessel 
holding  15  or  20  litres.  The  solution  is  passed 
through  a  linen  cloth  or  other  kind  of  filter,  and 
is  converted  into  the  compound  Fe^Br^  by 
adding  to  it  more  bromine  in  a  cast-iron  jaan 
heated  to  a  sufficient  temperature.  This  newly 
I  added  bromine  is  required  to  be  free  from  chlor- 
ine, and  it  can  be  made  so  without  distillation  by 
agitating  it  witli  ferrous  bromide  solution,  which 
takes  up  all  the  chlorine.  The  brown-red  solu- 
tion of  iron  bromide  is  then  evapoiated  to  a 
paste  and  poured  into  shallow  iron  boxes,  where 
it  solidifies  into  a  blackish-brown  crystalline 
mass,  which  is  tightly  packed  in  small  kegs,  and 
sold  according  to  the  quantity  of  bromine  it 
contains.  G.  L. 

Hydrobromic  acid.  HBr.  Bronihjjdric  acid. 
Ilijdvogcn  bromide.  A  colourless  pungent  ga3 
of  irritating  smell ;  fumes  strongly  in  the  air. 
Condensed  to  a  liquid  at  —73°.  May  be  ob- 
tained synthetically  by  passing  bromine  and 
hydrogen  through  a  hot  tube  or  over  heated 
platinum.    Best  xn-epared  by  action  of  yAwa- 
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phorus  and  bromine  on  water.  ."iBr  +  P  +  llip  = 
HjI'Oj  +  .'jHBr;  or  l>y  the  action  of  a  concen- 
trated solution  of  H3PO,  on  Klir ;  or  by  dropping 
Br  upon  melted  paraflin  heated  to  18.5'. 

Gas  very  soluble  in  water ;  solution  when 
saturated  forms  a  colourless  strongly  acid  liquid 
of  sp.gr.  1-78,  and  contains  82  p.c.  HBr  by 
weight,  coiTesponding  to  the  foiTnula  HBr.lI.O. 
If  the  concentrated  acid  be  heated  at  ordinary 
pressures  the  gas  is  evolved  until  the  amount 
of  IIBr  in  the  solution  sinks  to  47  p.c.  when  tlic 
liquid  boils  constantly  at  1'2G°  under  a  pressure 
of  700  nun.  This  proportion  of  HBr  corre- 
sponds to  HBr  +  5H.0,  but  the  liquid  is  not  a 
true  hydrate,  since  the  composition  is  altered  by 
varying  the  pressure  ;  thus  if  the  pressure  be 
raised  to  1"95  m.  the  solution  boils  at  153°  and 
contains  4(r3  p.c.  HBr. 

The  sp.gr.  at  1-5°  and  p.c.  composition  of 
aqueous  solutions  of  hydrobromic  acid  is  given 
in  the  following  table  (Wright,  C.  N.  23,  2-12) 


Sp.  pr.  HBr  p.c. 

1-OSO  10-4 

1-1<.)0  23-5 

1-248  30-0 


Sp.  prr. 
1-385 
1-475 
1-515 


HBr  p.c. 
40-8 

48-  5 

49-  8 


For  pharmaceutical  purposes  a  dilute  solu- 
tion of  hydrobromic  acid  may  be  prepared  by 
dissolving  grains  of  potassium  bromide  in  a 
iluid  ounce  of  water  and  adding  9  grains  of 
tartaric  acid  to  the  solution.  After  standing,  acid 
potassium  tartrate  crystallises  out  and  the  solu- 
tion contains  about  10  p.c.  of  hydrobromic  acid. 
Hydrobromic  acid  has  been  used  in  the  treat- 
ment of  car  complaints. 

BROMITE.  Native  silver  bromide  found  in 
Moxieo  anil  in  Chili,  i\  Silvku. 

BROMOFORM  TiibrommcthaneCimv,,.  This 
substance  is  occasionally  met  with  in  the  liquid 
left  after  the  rectilication  of  bromine  in  which  it 
occurs  associated  with  chlorobroinoform  CHBr.Cl 
(Dyson,  C.  J.  43,  4G)  and  carbon  tctrabromulc 
CBr,  (Hamilton,  C.  J.  39,  48).  It  may  be  made 
by  the  simultaneous  action  of  bromine  and 
caustic  potash  or  of  bromide  of  lime  on  alcohol 
or  acetone,  or  by  the  action  of  alkalis  on 
bromal.  It  is,  when  pure,  a  colourless  liquid 
solidifying  at  8°  and  boiling  with  slight  decom- 
position under  ordinary  pressure  at  151°.  Sp.gr. 

2-902  j'^"  (Perkin,  C.  J.  45,  533).    It  has  been 

used  to  a  slight  extent  as  an  anaislhetic,  and  in 
the  treatment  of  diphtheria. 
BRONZE  V.  Tin. 

BROOKITE  V.  Titanium,  occrr>ui;NCF.  of. 

BROOM,  DYER  S,  or  GREEN  WEED.  The 
Qcnista  iinctoria,  a  dwarf  sluul)  fiom  the 
flowers  of  which  a  briglit  yellow  colour  is  ob- 
tained, which  for  dyeing  green  with  woad  is 
said  to  bo  preferred  by  dyers  to  all  other  yellows. 
Clcnista  j>ilosa,  from  the  Ardennes,  contains 
2-54  p.c.  of  nitrogen  and  2-91  p.c.  of  ash,  com- 
posed of  43-28  p.c.  K„0,  4-18  Na.O,  18-57  CaO, 
1005  ^rgO,  1-12  Fe..O„  4-Gl  SO',  14-05  I'.Oj, 
1-11  SiO,,  3-S9  CI,  and  is  tliercforo  a  useful 
manure  (I'l  lcrniann,  A.  A.  9,  251). 

BROOM  TOPS.  Scoparius.  (GcnH  a  balais, 
Fr. ;  IJrsoigimtcr,  Ger.)  The  tops  of  the  com- 
mon broom,  Ci/lisns  scopariux  (Link,  B.  a.  T. 
70),  have  been  employed  for  their  diuretic  and 
purgative  properties  since  the  Anglo-Saxon 
period,  and  are  noticed  in  nearly  all  the  herbals 


and  pharmacopxias.  The  older  writers  describe 
the  broom  under  the  name  '  genista,'  '  gcnesta,' 
or  '  genestra,'  and  it  was  the  wearin^^  of  the 
'  planta  genista '  as  an  emblem  by  tJeoffrey, 
Count  of  Anjou,  that  gave  the  title  '  Plantage- 
net '  to  his  royal  descendants  (Comp.  Fl.  a.  H. 
170). 

Stenliouse  in  1851  discovered  in  broom-tops 
a  liquid  alkaloid  sjxirte'ine,  C,jIL,^Nj,  together 
with  a  chemically  indifferent  crystallisable  com- 
pound scojxirin  C._.,II„0|o  (A.  78,  15).  Sparteine 
has  been  further  investigated  bv  Mills  (C.  J.  15, 
1),  Houde  (J.  Ph.  [5]  13,  39),  Bamberger  (A. 235, 
31)8),  Coninck  (C.  U.  104,  513),  and  Ahrens  (B. 
20,  2218;  21,  825).  To  obtain  it  Mills  distils 
the  tops  with  soda,  separates  the  crude  oil  which 
comes  over,  acidifies  it,  and  redistils  with  soda. 
The  impure  alkaloid  is  then  dried  in  a  current  of 
hydrogen,  the  adhf  ring  soda  removed,  and  finally 
it  is  submitted  to  fractional  distillation.  It  is  a 
viscid,  colourless  oil,  with  an  unpleasant  odour 
and  bitter  taste.  It  sinks  in  water,  in  which  it  is 
nearly  insoluble.  B.p.  288"  (Stenhousc  ;  cf.  Bam- 
berger ;  Bernheimer,  G.  13,  451).  With  acids 
sparteine  combines,  formingcrvstallisable  salts. — 
B'(HCI).PtCl,2Aq.  vellow  crystalline  powder 
(Mills).— B'  (HCl),AuGI,  {Mills).-B"Il,SO„  largo 
prisms,  v.  sol.  water  (Bamberger).  —  B'HI, 
four-sided  plates,  sol.  hot  water  (Bamberger) ; 
B"(HI)„,  silky  needles  (Bamberger).  Sparteine 
is  a  narcotic  poison  resembling  nicotine,  but 
less  active  (Stenhousc,  c/.  See,  C.  li.  101,  lOJC). 
A  characteristic  orange^bolour  reaction  is  saiil 
to  be  produced  when  sparteine  or  its  salts  are 
added  to  sulphvdrate  of  ammonium  (Grandval 
a.  Valser,  J.  Ph'  [5]  14,  05). 

The  more  important  reactions  of  sparteine 
are  :— 1.  Kitric  acid  converts  it  into  a  compound 
which  yields  chloropicrin  when  treated  with 
chloride  of  lime  (Stenhouse). — 2.  Oxidised  with 
potassium  pernujnganate  it  yields  formic  and 
oxalic  acids  (Bamberger;  Ahrens).— 3.  Oxidised 
by  peroxide  of  hydrogen  a  iww  base  CuH^^N^O.^ 
is  formed.  It  is  syrupy,  colourlt-ss,  not  crys- 
tallisable, and  distils  with  diOiculty  with  steam. 
Platinum  salt,  B"(HCI).PtCl„  blackens  at  23.V', 
and  gold  salt  B'(HCI)AuCl3  melts  at  143-(i' 
(Ahrens). — 4.  Beduced  by  nascent  hydrogen  a 
colourless  oil,  (Uhydrosixirlrine  C,iH;,No  results. 
It  boils  at  281-4^,  and  forms  a  crystalline 
platinum  salt  B"(HCI).l'tCl,,  which  blackens  at 
23',)  (.\lu-ens). — 5.  With  alkyl  iodides  and  alcohol 
sparteine  reacts,  forming  (C,.H.j;EtN.JIj  (Mills) 
and  (CnHj.MeN.JL.  (Coninck),  which  compounds 
by  the  action  of  oxide  of  silver  yield  the  hv- 
droxide  (C,,H,.EtN..)(OH),.  (Mills)  and  by  llio 
action  of  soda' (C,,lL,iN.,)EtI  and  (C,JI„.N,)MeI 
(Bamberger).  Mills  also  obtained  a  diethvl 
di-iodidc  (C, JI,„Kt,N,)I,.— 0.  Heated  with  con- 
centrated liydriodic  acid  at  200°,  methyl  in  the 
form  of  methyl  iodide  is  removed,  and  thero 
remains  a  )i(;i«6rt^c  C,,H..,N.„  B.p.  270°  (Ahrens). 
7.  When  sparteine  is  distilled  with  lime  the 
distillate  contains  ethylene,  propylene,  (7)  pico- 
line,  and  a  new  tertiary  base  (Ahrens). 

Scoparin  is  obtained  from  broom-tops,  after 
a  series  of  processes  to  free  it  from  the  chloro- 
phyll with  which  it  is  associated,  as  a  palo 
yellow  powder  which  may  with  difiiculty  be 
made  to  crystallise.  It  is  sparingly  soluble  in 
water,  but  is  soluble  in  alcohol  and  alkalis.  Its 
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solution  in  ammonia  is  deep  ycllow-grecn.  With 
chloride  of  lime  a  green  colour  is  produced. 
Nitric  acid  converts  it  into  picric  acid.  Melted 
with  potash  it  gives  phloroglucin  and  proto- 
catechuic  acid  (Hlasiwetz,  A.  138,  190).  Heated 
with  alcohol  a  less  soluble  modification,  iso- 
scoparui,  is  formed,  which  is  readily  reconverted 
into  scoparin  by  solution  in  alkali  and  precipita- 
tion by  an  acid  (Stenhouse).  A.  S. 

BROSIMUM  UTILE.  The  latex  of  thisurtica- 
ceous  tree,  growing  in  Venezuela,  approximates  to 
cow's  milk  iu  composition.  It  contains  35'2  p.c. 
of  wax  and  saponitiable  matters  which  are  used 
in  the  manufacture  of  candles  (Boussiugault, 
Ph.  [3J  9,  679). 

BROUSSONETIA  PAPYEIFERA.  Thcimper 
mitlbcrnj.  The  libroas  bark  is  used  in  China 
and  Japan  for  the  manufacture  of  a  kind  of 
paper,  and  in  Polynesia  iu  the  manufacture  of 
Tapa  cloth. 

BROUSSONETIA    TIKCTORIA    v.  Yellow 

WOOIi. 

BROWN,  ACID,  V.  Azo-  colouring  matters. 

BROWN,  ANILINE;  BISMARCK  BROWN, 
MANCHESTER  BROWN,  PHENYLENE 
BROWN,  VESUVINE,  LEATHER  BROWN, 
CINNAMON  BROWN,  ENGLISH  BROWN,  or 
GOLD  BROWN;  v.  Azo-  coLouKiNa  matters. 

BROWN,  ANTWERP,  v.  Pigmexts. 

BROWN,  ARCHIL,  v.  Azo-  coloumng  mat- 
ters. 

BROWN,    BISMARCK,  v.  Azo-  colouuixo 

MATTI'UIS. 

BROWN,  BONE,  t).  Pigments. 

BROWN,  CALEDONIAN,  v.  Pigments. 

BROWN,  CAPHEK,  v.  Pigments. 

BROWN,  CINNAMON.  Aiuliiia  brown  v. 
Azo-  colouring  jiatteus. 

BROWN,  ENGLISH.  AiuUiie  brown  v. 
Azo-  colouring  matters. 

BROWN,  FAST,  v.  Azo-  colouuing  matters. 

BROWN,  GARNET.  The  potassium  or  am- 
monium salt  of  isopurpuric  acid  (G,H,N,0,Iv  or 
C,Hj,N^O„).  Obtained  by  Hlasiwetz  in  18.39  by 
the  action  of  potassium  cyanide  on  picric  acid 
(A.  110,  289).  Forms  a  dark-brown  powder, 
readily  sol.  in  hot  water  with  reddish-brown 
colour.  Dyes  wool  and  silk  brown  in  an  acid 
bath.  No  longer  in  use.  (F.  also  Isupuiu'URIC 
altd.) 

BROWN,  GOLD.    Aniline    brown  v.  Azo- 

COLiiURING  MATTI'.RS. 

BROWN,  LEATHER.      Anilina   brown  v. 

Azo-  COLOURING  MATTEHS. 

BROWN,  MADDER,  v.  Pigments. 
BROWN,  MANCHESTER,  v.  Azo-  colouring 

UATTIORS. 

BROWN,      NAPHTHYLAMINE,    v.  Azu- 

COLOURING  MATTI'IRS. 

BROWN,  PHENYL,  v.  Phenyl  brown. 
BROWN,  PHENYLENE,  v.  Azo-  colouring 

MATTERS. 

BROWN,  PICRYL,  v.  Picryl  brown. 
BROWN,    PIGMENT,    v.     Azo-  colouring 

MATllUSS. 

BROWN,  PRUSSIAN,  v.  Pigments. 
BROWN,   RESORCIN,    v.     Azo-  colouring 
MATti;rs. 

BROWN,  SOUDAN,  v.  Azo-  colouring  mat- 
ters. 


BROWN,  VANDYKE,  v.  Pigments. 

BROWN,  VERONA,  v.  Pigments. 

BROWN  BERRIES.  The  fruit  of  Rubus 
frulico.\us. 

BROWN  COAL  v.  Fuel. 

BROWN  H.ffiMATITE  v.  Iron,  ores  of. 

BROWN  IRON  ORE  (Limonite)  v.  Iron, 
ores  of. 

BROWN  OCHRE.  A  soft  variety  of  brown 
iron  ore  occasionally  used  as  a  i^ignient. 

BRUCINE  V.  Vegeto-alkaloids. 

BRUCITE.  Native  hydrate  of  magnesia.  That 
found  at  Cogne,  Val  d'Aosta,  contains,  according 
to  Friedcl  (Gazzetta,  13,  278;  J.  C.  S.  4G,  1G2), 
68-53  M-O,  1-15  FeO,  and  30-13  H.,0. 

BRUNSWICK  BLACK.  Is  prepared  by  fusing 
2  lbs.  of  asphalt,  and  mixing  thoroughly  with 
1  pint  of  hot  boiled  oil.  When  cool,  2  pints 
of  turpentine  are  added  to  the  mixture.  An 
inferior  but  cheai3er  black  may  be  made  by 
boiling  gently  together  for  five  hours  25  lbs. 
each  of  black  pitch  and  gas  tar  asphaltum ; 
8  gallons  of  linseed  oil,  and  lOlbs.  each  of  litharge 
and  red  lead,  are  then  mixed  in,  and  the  whole 
boiled.  After  cooling,  the  mixture  is  thinned  by 
the  addition  of  20  gallons  of  turiJcntine.  V.  also 
Bone  oil. 

BRUNSWICK  GREEN.  An  oxychloride  of 
copper,  used  as  a  pigment.  Copper  filings  or 
turnings  are  moistened  with  a  solution  of  sal- 
ammoniac,  and  left  iu  contact  with  the  air ;  the 
oxychloride  so  formed  is  washed  off  with  water, 
and  dried  at  a  gentle  heat.  The  tennis  also  ap- 
plied to  chrome  green,  and  to  emerald  green 
(v.  CiirpER  and  Pigments). 

BRUSHITE.  A  hydrated  phosphate  of  lime 
occurring  in  the  guano  of  Aves  Island  and 
Somljrero  in  the  Caribbean  Sea. 

BRYOIDIN  V.  Oleo-efsins. 

BUBULIN  (from  /Sous,  ox).  The  name  of  a 
peculiar  sulistanee  said  by  Moriu  to  exist  in  cow- 
dung,  and  to  bo  copiously  jorecipitated  by  metallic 
salts,  tincture  of  galls,  and  alum,  and  therefore 
to  be  active  in  the  applicatiou  of  cow-dung  to 
calico-printing. 

BUOHU.  The  leaves  of  three  varieties  of 
Barosnia  (order  Eutacere),  viz.  B.  bctulina,  B. 
crcnnlata,  and  B.  scrraUfolia,  are  known  under 
this  name.  Brandes  (Arch.  d.  N.  Apoth.  Ver. 
22,  229)  found  in  1,000  parts,  88  parts  volatile 
oil  and  40  parts  of  a  yellowish-brown  bitter 
substance,  soluble  in  water,  which  he  called 
diosiniii.  Landerer  (Bucliner's  Eepert.  84,  63) 
found  iu  the  alcoholic  tincture  a  crystalline 
deposit  insoluble  in  water.  Fliiokiger  (Ph.  3, 
4,  689)  obtained  from  the  essential  oil  a  cam- 
phor melting  at  85°  and  subliming  at  110°, 
and  having  the  constitution  C|,|H|„0.  Wayne 
(Ph.  3,  6,  723)  obtained  salicylic  acid  from  the 
oil  after  treating  with  strong  soda  solution  ;  in 
other  experiments  he  obtained  a  crystalline  body 
probably  identical  with  the  diosphenol  isolated 
by  Fhickiger  by  an  analogous  treatment  (Ph.  [3] 
11,  219).  Diosphenol  has  the  composition 
C|,H...,0.,;  it  forms  large  prisms,  melting  at  83" 
and  boiling  at  233°.  In  addition  to  this  body, 
Fliickiger  {I.e.)  has  found  in  the  oil  a  substance 
boiling  205°-210' C,  possessing  an  odour  very 
like  that  of  peppermint;  its  comiJOsition  is 
C,„H„0. 

c  c  2 
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BUCKTHOKN  (Uhamnus  catharticits).  This 
plant  is  a  native  of  England ;  it  grows  to  the 
height  of  from  15  to  20  feet ;  its  Uowers  are 
greenish-coloured  and  its  berries  four-seeded. 
It  is  the  fruit  of  this  plant  which  is  sold  as  a 
purgative  under  the  name  of  French  berries.  The 
juice  of  these,  when  in  an  unripe  state,  has  the 
colour  of  satTron  ;  when  ripe  and  mixed  with 
alum,  it  forms  the  sap  or  bladder  green  of  the 
painters ;  and  in  a  very  ripe  state  the  berries 
afford  a  pui-ple  colour.  The  bark  also  yields  a 
fine  yellow  dye,  rhamnosanthin;  v.  Sap- 

GliEEN  ;  PlGMK.NTS. 

The  alder  buckthorn  (RJiamntis  Frangula) 
grows  naturally,  and  is  very  abundant  in  woods 
and  thickets  in  some  parts  of  Britain.  The 
berries  of  this  species  are  often  substituted  for 
those  of  the  above ;  but  they  are  easily  detected, 
since  they  contain  only  two  seeds.  In  a  green 
state,  they  dye  wool  green  and  yellow ;  when 
riiJe,  bluish-grey,  blue,  and  green.  The  bark  also 
dyes  yellow,  and,  with  preparation  of  iron,  black 
(Lawson)  ;  v.  Fraiigiilin,  art.  Glccosides. 

Keck  buckthorn  (Rluimnus  saxatilis),  the 
berries  of  which  are  used  to  dye  morocco  leather 
yellow.  These,  in  common  with  the  narrow- 
leaved  buckthorn  berries  (R.  Chisii)  and  those  of 
the  yellow-berried  buckthorn  (R.  infcctorhis),  are 
sold  as  Avignon  berries.  The  wood  of  the 
Bhamnus  erythroxijlon  (which  is  a  native  of 
Siberia,  but  grows  freely  in  this  climate),  in  a 
ground  state  yields  the  bright  red  colour  known 
to  dyers  under  the  name  of  redwood.  These 
possess  violent  purgative  properties  due  ap- 
parently to  rliamncgin. 

BUCKWHEAT.  (BU  Sarrasin,  Fr. ;  Bucli- 
weizcn,  (nr.)  The  common  buckwheat  (Poly- 
gonum Fagnpijrum)  is  cultivated  for  feeding 
pheasants  and  other  game ;  and  is  now  being 
largely  used  in  France  and  in  this  country  in 
distilleries. 

In  France,  besides  being  used  for  feeding 
fowls,  pigs,  itc,  it  is  given  to  horses ;  and  it  is 
said  tliat  a  bushel  of  its  grains  goes  further  than 
two  bushels  of  oats,  and  if  mixed  witli  four  times 
its  bulk  of  bran,  will  be  full  feeding  for  any  horse 
for  a  week.  Its  hiuilm,  or  straw,  is  said  to  be 
more  nourishing  than  that  of  clover,  and  its 
beautiful  pink  or  reddish  blossoms  form  a  rich 
repast  for  bees  (Lawson). 

It  has  been  stated  that  the  leaves  of  the 
common  buckwheat  {Po![/goiii(m  Fagoiyyruiii) 
yield,  by  fermentation,  indigo-blue.  On  examin- 
ing this  plant,  for  the  purpose  of  ascertaining 
whether  this  statement  was  correct,  Sohunck 
was  unable  to  obtain  a  trace  of  that  colouring 
matter  ;  but  he  discovered  that  the  plant  contains 
a  considerable  quantity  of  a  yellow  colouring 
matter,  which  may  very  easily  bo  obtained  from 
it.  This  colouring  matter  crystallises  in  small 
prinnose-yellow  needles.  It  is  very  little  soluble 
in  cold  water,  but  is  soluble  in  boiling  water,  and 
still  more  soluble  in  alcohol.  Muriatic  and  sul- 
phuric acids  change  its  colour  to  a  deep  orange, 
the  colour  disappearing  on  the  addition  of  a  large 
quantity  of  water.  It  dissolves  easily  in  caustic 
alkalis,  forming  solutions  of  a  beautiful  deep 
yellow  colour,  from  which  it  is  again  deposited 
in  crystalline  needles  on  adding  an  excess  of  acid. 
It  is,  liowever,  decomposed  when  its  solution  in 
alkali  is  exposed  for  some  time  to  the  air,  being 


I  thereby  converted  into  a  yellowish-brown  amor- 
phous substance  resembling  gum.  Its  compound 
with  oxide  of  lead  has  a  bright  yellow  colour, 
similar  to  that  of  chromate  of  lead.  The  com- 
pounds with  the  oxides  of  tin  are  of  a  pale  but 
bright  yellow  colour.  On  adding  ferrous  sulphato 
to  the  watery  solution,  the  latter  becomes 
greenish,  and,  on  exposure  to  the  air,  acquires  a 
dark-green  colour,  and  appears  almost  opaque. 
The  watery  solution  imparts  to  printed  calico, 
colours,  some  of  which  exhibit  considerable  live- 
liness. Silk  and  wool  do  not,  however,  acquire 
any  colour  when  immersed  in  the  boiling  watery 
solution,  unless  they  have  previously  been  pre- 
pared with  some  mordant.  Its  formula  is  pro- 
bably C|iK,jO|o.  It  appears  to  be  identical  with 
riitiiie,  the  yellow  colouring  matter  contained  in 
the  Riita  graveolens,  or  common  rue,  and  in 
capers,  and  with  I!ixa>i(hin,  a  substance  derived 
from  the  leaves  of  the  common  holly.  From 
1,000  parts  of  fresh  buckwheat  leaves,  a  little 
more  than  1  part  of  the  colouring  matter  may 
be  obtained.  As  the  seed  of  the  plant  is  the  only 
part  at  present  employed,  it  might  be  of  advan- 
I  tage  to  collect  and  dry  the  leaves,  to  be  used  as  a 
dyeing  material  (Schunck). 

The  Tartarian  buckwheat  (Pohjgoniun  ta- 
tnricum)  differs  from  the  former  in  having  the 
edges- of  its  seeds  twisted.  It  is  not  considered 
so  productive,  but  it  is  more  hardy  and  better 
adapted  for  growing  in  mountainous  situations. 

The  dyer's  buckwheat  (Polygonum  thulo- 
rium).  This  plant  was  introduced  to  the  royal 
gardens  at  Kew  by  Mr.  John  Blake,  in  177(1. 
Authentic  information  as  to  its  properties  as  a 
dye-yielding  plant  was  only  received  at  a  com- 
paratively recent  period,  from  missionaries  resi- 
dent in  China,  where  it  has  always  been  culti- 
vated for  its  colouring  matter.  In  Eurojic  at- 
tention was  first  directed  to  its  growth  by  M. 
Delille,  of  the  Jardin  du  Hoi  at  Montpellicr.  The 
Japanese  are  said  to  extract  blue  dyes  from  Poly- 
gonum Chincnse,  P.barbjtum,  and  the  common 
roadside  weed  P.  aviculiirc  (Lawson). 

BUCURUMANGA  RESIN.  A  fossil  resia 
occui  rin','  in  an  auriferous  alluvium  near  Bucuru- 
!  manga.  New  Granada.  It  is  light-yellow,  trans- 
parent, somewhat  heavier  than  water,  becomes 
strongly  electric  by  friction  ;  is  insoluble  in  al- 
cohol ;  swells  up  in  ether,  becoming  opacpie ; 
melts  when  heated;  burns  in  the  air  without 
residue.  It  resembles  amber  in  outward  appear- 
ance, but  does  not  give  succinic  acid  on  dry 
distillation.  It  contains  82-7  p.c.  C,  10  8  H,  and 
0-50  0   (Boussingault,  A.  Ch.   [S]   6,  507); 

V.  Hl  SINS. 

BUFFALO  RUBIN  r.  Azo- colourino  mattehs. 

BUNTKUPFtRERZ  (Ger.)  Variegated  copper 
ore.  This  term  is  commonly  applied,  even  by 
English  mineralogists,  to  an  ore  of  copper  other- 
wise knownns Boi  nile  (q.v.),  Erubcscitc,  Phillips- 
itc.  and  Purple  Copper  Ore.  Called  '  horse-flesh 
ore  '  bv  the  Cornish  miners  (Ure). 

BURGUNDY  PITCH,  or  NORWAY  SPRUCE 
RESIN.  (Fiehtnitorr,  Tanncnhartz,Cie:\\\  J'oi.e 
dcs  Vosges,  Poix  blanclie,  Poix  jaune,  Barms, 
Fr.)  The  resin  of  Abies  cxcclsa  purified  by  melting 
in  hot  water  and  straining.  It  is  an  opaque, 
•  yellowisli-brown.  hard,  brittle  resin  ;  its  taste  is 
I  sweet  and  aromatic.  It  is  very  soluble  in  gla- 
cial acetic  acid,  acetone,  and  alcohol.    Used  ia 
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making  plasters.    It  is  much  adulterated.    The  I 
substance  usually  sold  by  this  name  in  England  [ 
is  made  by  melting  colophony  with  palm-oil  or  j 
some  other  fat,  and  stirring  in  water  to  make 
the  mixture  opaque  (Morel,  Ph.  [3]  8,  342) ; 
V.  Eksins. 

BURNETT'S  FLUID.  A  solution  of  zinc 
chloride  is  connnonly  known  as  Sir  William 
Burnett's  disinl'ectmg  fluid.  It  is  largely  used 
as  a  disinfectant. 

BURTON  "WATER  CRYSTALS  contain,  ac- 
cording to  Morifz  a.  Hartley,  31-8  CaO, 
iO-i  S<),„  l-Ol  CI,  5-46  MgO,  and  21- 19  OH, 
(S.  C.  I.  2,  S2). 

BUSSORAH  GUM  v.  Gums. 

BUT£A  GUM.  The  juice  of  Butca  frondosa 
(Eoxb.),  often  sent  into  the  market  instead  of 
genuine  kino.  It  forms  black-brown,  slightly 
lustrous,  brittle  lumps,  has  an  astringent  taste, 
and  yields  pyrocatechin  by  dry  distillation. 

BUTTER.  The  fatty  constituent  of  milk,  and  j 
chiefly  that  derived  from  the  milk  of  the  cow. 
The  fat  exists  in  the  state  of  minute  globules  ' 
suspended  in  the  milk  liquid,  and  when  the  milk  i 
is  left  at  rest  the  globules  rise  to  the  top,  forming  ! 
a  layer  of  cream,  which  contains  considerable  | 
proportions  of  casein  and  milk  fluid.  The  par-  | 
tides  of  fat  are  surrounded  by  a  film  of  casein  i 
or  condensed  fluid  resulting  from  local  attraction,  j 
Butter  is  obtained  from  cream  by  agitation  or  j 
churning,  which  causes  the  fat  globules  to  aggre-  | 
gate  in  the  milk  fluid.  | 

Description. —  Commercial  butter  is  more  or  j 
less  granular,  and  varies  in  colour  from  almost 
white  to  deep  yellow.    It  contains  variable  pro-  j 
portions  of  curd  and  water,  the  former  ranging  ; 
from  '2  to  ujjwards  of  4  p.c.,  and  the  latter  from  j 
4  to  18  p.c.    The  curd  is  liable  to  undergo  de-  i 
composition  and  to  cause  the  butter  to  become 
rancid  through  the  separation  of  the  soluble 
acids.    When  freed  from  curd,  butter  fat  pos- 
sesses considerable  ijermanence  of  character,  and 
may  be  kept  for  a  long  time  without  any  appre- 
ciable change.    The  curd  and  water  may  be 
separated  by  melting  the  butter  in  a  suitable 
vessel,  when  the  butter  fat,  which  rises  to  the 
top,  can  be  drawn  off  from  the  curxl  and  water, 
which  remain  at  the  bottom.    Butter  is  com- 
posed of  fatty  acids  in  combination  with  glyceri)ie, 
forming  compound  ethers  of  a  complex  consti- 
tution.   The  fatty  acids  found  in  butter  are 
butyric,  caproic,  caprylic,  capric,  myristic,  palm- 
itic, stearic  and  oleic  acids.    The  first  four,  which 
are  more  or  less  soluble  in  hot  water,  are  de- 
scribed as  soluble,  and  the  remaining  four,  which 
are  insoluble  in  boiling  water,  are  called  insoluble. 
According  to  a  proximate  analysis  by  Bell,  butter 
contains  6-13  p.c.  butyric  acid,  2-01)  caproic, 
caprylic,  and  capric  acids,  41)-4()  palmitic,  stearic, 
and  myristic  acids,  and  36'10  oleic  acid.  Accord- 
ing to  the  same  authority,  the  molecule  of  butter 
fat  does  not  necessarily  contain  three  radicles  of  i 
the  same  acid,  but  three  diftorent  acid  radicles  | 
forming  a  tri-acid    compound    (Chemistry  of 
Foods,  2,  44-50). 

Analijsis. — The  analysis  of  butter  may  be 
divided  into  three  parts.  1.  The  estimation  of 
the  water,  salt,  curd,  and  fat ;  2.  the  determi- 
nation of  the  specific  gi'avity  of  the  fat ;  and  3. 
the  estimation  of  the  soluble  and  insoluble  fatty 
acids.    The  water  is  determined  by  drying  a 


weighed  quantity  of  the  butter  at  100°  ;  the  salt 
and  curd  by  extracting  the  fat  from  the  dried 
butter  with  ether  or  petroleum  spirit,  the  salt 
being  afterwards  dissolved  by  water  and  the 
chloride  determined  by  precipitation  or  titration. 
The  sp.gr.  of  the  dry  filtered  fat  is  taken  at  37-7°. 
The  fat  is  ^soured  into  the  bottle  several  degrees 
above  the  standard  temperature,  to  which  point 
it  is  gradually  brought  down  when  the  bottle  is 
quickly  filled  from  the  residue  of  fat  cooled  to 
37-7°  (Bell,  Parliamentary  Paper,  No.  293, 187G). 
A  modification  of  this  method  for  facilitating 
the  determination  of  the  sp.gr.  has  been  proposed 
by  Estcourt  (C.  N.  34,  254).  Fats  should  not  bo 
maintained  at  a  high  temperature  for  any  length 
of  time  before  taking  the  sp.gr.,  as  an  increase 
takes  place  in  the  density  in  consequence  of 
oxidation. 

The  co-efficient  of  expansion  of  butter  is 
•0434  for  each  degree  F.  from  100-212  (C.  J. 
1880,  70). 

The  soluble  and  insoluble  fatty  acids  are 
estimated  by  saponifying  a  weighed  quantity  of 
dry  butter  fat  with  solution  of  soda  of  indefinite 
or  of  known  strength,  according  to  whether 
the  insoluble  acids  or  the  acids  of  both  kinds 
are  to  be  determined.  In  the  latter  case  two 
solutions  are  prepared — a  normal  alcoholic  solu- 
tion of  soda,  and  a  solution  of  H.^SO,  slightly 
stronger  than  the  soda  solution.  25  c.c.  of  the 
former  are  added  to  4  or  5  grams  of  dry  butter 
fat  in  an  assay  flask  and  saponified.  The  soap, 
while  hot,  is  decomposed  by  25  c.c.  of  H^SO, 
solution  ;  the  insoluble  acids  are  separated  by 
filtration,  dried  and  weighed,  and  the  filtrate 
is  titrated  with  dccinormal  soila  solution.  The 
number  of  c.c.  required,  less  the  number  of  c.c. 
by  which  the  H..SO_|  solution  exceeds  the  soda 
solution,  represents  the  soluble  acids  derived 
from  the  butter. 

The  suggestion  for  the  estimation  of  the 
insoluble  acids  was  made  by  Heliner  and  Angel 
(Pamphlet,  July  1874),  and  that  of  the  soluble 
acids  by  Dupre  (Analyst,  -June  187G).  A  method 
for  the  separation  of  the  insoluble  acids  in  the 
cold  has  been  proposed  by  Muter  (Analyst,  1870, 
J).  7).  The  use  of  paraffin  for  facilitating  the  sepa- 
ration of  the  insoluble  acids  has  been  suggested 
by  Hager  (C.  J.  1879,  2,  81).  Eeichart  has 
recommended  several  modifications  of  the  pro- 
cess for  determining  the  soluble  and  insoluble 
acids.  The  former  he  separates  by  distillation 
before  titration  (C.  J.  1.S79,  2, 400).  Perkins  has 
likewise  proposed  the  distillation  of  the  soluble 
acids  before  titration,  and  subsequent  titration 
of  fixed  acids  (C.  J.  1879,  2,  1,070).  A  process 
for  estimating  both  kinds  of  acids,  based  upon 
the  difl'erence  between  the  solubility  of  their 
barium  salts,  has  been  described  by  Knight 
(C.  J.  1881,  2,  201).  Koettstorfer  has  recom- 
mended a  method,  founded  on  molecular  data, 
for  testing  butter  by  titration  of  the  total  acids 
(C.  J.  1879,  2,  983) ;  but  Wigner  has  pointed  out 
defects  in  the  system  (C  -J.  1880,  2,  09).  Heintz 
considers  that  the  presence  of  the  insoluble  acids 
does  not  affect  the  accurate  titration  of  the 
soluble  acids  (C.  J.  1878,  78).  Meissl,  after 
saponification,  distils  with  H.SO^  and  titrates 
the  distillate  (C.  J.  1880,  2,  828). 

Adiillcraiion. — When  butter  fat  is  adulterated 
it  is  usually  with  an  excess  of  water  or  salt,  or 
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an  atlmixture  of  ordinary  animal  or  vegetable 
fats.  In  conin\oicial  butters  the  water  has 
been  found  to  vary  from  4  to  about  IS  p.c. 
In  genuine  butters  the  insohible  fatty  acids  have 
been  found  to  vary  from  8.5-5G  to  89  90,  and  the 
soluble  from  4-50  to  7-41  p.c.  (Chemistry  of 
Poods  by  Boll,  Part  II.  64).  This  range  has 
been  confirmed  by  Fleischmann  and  Veith  (C.  J. 
1879,  181) ;  Jahre  (C.  J.  1878,  685)  and  others. 

In  ordinary  animal  fats  the  insoluble  fatty 
acids  vary  from  95  56  to  96-20  p.c,  and  they 
differ  furthermore  from  butter  in  not  containing 
any  of  the  soluble  fatty  acids. 

The  sp.gr.  of  butter  fat  at  a  temperature  of 
37-7°  also  differs  materially  from  that  of  ordinary 
animal  fats  at  the  like  temperature.  Thus  the 
sp.gr.  of  butter  fat  varies  from  909-37  to  913-91 
(the  ordinary  range  being  911  to  913)  while  that 
of  ordinary  animal  fats  ranges  from  902-83  to 
903-84.  These  several  differences  become  avail- 
able for  testing  the  purity  of  a  butter  and  also  for 
estimating  the  proportion  of  foreign  fat,  if  any, 


present.  The  estimation  of  the  fatty  acids  is 
somewhat  tedious  and  dilVicult  of  execution,  but 
the  determination  of  the  sp.gr.  of  the  fat,  wliit  li 
is  a  comparatively  easy  operation,  is  sullicicnt  to 
show  whether  the  butter  is  pure  or  not.  Thu 
correspondence  between  the  sp.gr.  of  the  fats  and 
the  percentage  of  tised  fatty  acids  is  sullieicntlv 
close  to  admit  of  the  predication  of  either  from 
the  other  within  a  few  tenths,  the  sp.gr.  of 
butter  fat  increasing  regularly  as  the  proportion 
of  fixed  fattv  acids  diminishes. 

According  to  Warren  (C.  N.  222, 1887),  when 
a  solution  of  butter  fat  in  carbon  disulphide 
is  treated  with  yellow  sulphur  chloride,  and  tin 
disulphide  is  evaporated  over  hot  water,  the  re- 
suiting  thickened  mass  should  yield  a  clear  solu- 
tion with  carbon  disulphide.  An  insoluble  or 
dark  residue  wUl  indicate  the  presence  of  a  vege- 
table oil. 

The  ten  samples  in  the  following  table  re- 
present the  ordinary  variations  in  the  composi- 
tion of  butter  fat :  — 


rcrcoiit;vg 

e 

BllttCI  F;.t 

No. 

W.atei- 

Salt 

Curd 

Butter 
P..t 

Specific  Grav. 
at  100°F. 

Per  Cent. 
Fixed  Acids 

Per  Cent. 
Solnble  Acids 
as 

Bntyric  Acid 

Melting 
Point 
Falir. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

7-55 
11-71 

10-  89 
16-28 

11-  42 

12-  55 

12-  96 

13-  40 
12-05 

14-  62 

1-03 
3-GO 
8-50 
3-32 

1-  29 
-89 

2-  43 
1-39 

-90 
1-48 

1-15 
•95 
1-23 
1-56 
1-12 
•74 
1-25 
203 
1-95 
1-88 

90-27 
83-74 
73-32 
78-84 
86-17 
85-82 
83-36 
83-18 
85-04 
82-04 

913-89 
911-45 

911-  48 

912-  79 

910-  47 
910  20 
912-51 

911-  67 
911-04 
910-70 

85-56 
88-24 

88  82 
80-00 
88-53 

89  00 
88-25 

88-  72 
87-51 

89-  00 

7-41 
5-41 
4-04 
7  00 
4-84 

4-  57 

5-  45 
5-07 
5-28 
450 

85 

90 

89-5 

88-5 

90 

90 

89 

90 

88 

91 

The  following  table  shows  the  sp.gr.  of  or- 
dinary animal  fats  at  100  F.  (37-7"X'.),  and  also 
the  percentage  of  fixed  fatty  acids  contained  in 
each : — 


Specific 

Porcenta^c 

Description 

Gravilv  at 

of  fixed 

Fatt.v  Acids 

Mutton  suet  . 

902-83 

95-56 

Beef  suet 

903-72 

95-91 

Fine  lard 

903-81 

90-20 

Dripping  (commercial)  . 

904-50 

94-07 

Mutton  dripping  (genuine) 

903-97 

95-48 

J.  B. 


BUTTER  BEANS.  The  dried  seeds  of  Vatcria 
indica,  a  tree  growing  in  India,  especially  in 
Malabar.  They  contain  49-21  p.c.  of  a  greenish- 
yellow  solid  fat,  resembling  mutton  tallow  in  hard- 
ness and  viscosity.  It  consists  of  81  p.c.  neutral 
fatty  glyccridesand  triolein  and  19  p.c.  free  fatty 
acids.  Tlie  fatty  acids  obtained  on  saponifving 
molt  at  .'■.(i-O  (Hoiinol  a.  Wolfbauer  ;  D.  P.  J.  25-2, 
333  ;  .1.  ('.  S.  [■>]  46,  1,209). 

BUTTERS,  MINERAL.  A  term  formerly  ap- 
plied to  si'vcral  of  the  metallic  olilorides,  e.g. 
cliloridi's  i)f  iui(inu)nv,  tin,  bismuth,  zinc,  &c. 

BUTTEfJINE  c.  Mauoauine. 


BUTTER  YELLOW.  Aniline- azo-divicthijl 
aniline  C„H..N  :  N.C,H,(CH,,),.  A  yellow 
colouring  matter  (m.p.  115°) ;  insoluble  in  water, 
soluble  in  dilute  HCl,  with  red  colour.  Soluble 
in  fats.  Used  for  colouring  butter  (Witt.  Griess. 
B.  [18771  10.  528). 

BUTTER  SURROGATE  v.  MA.lto.vmNE. 

BUTTER  VEGETABLE.  A  greasy  substance 
expressed  from  the  kernel  of  the  Bassia  bntijracea, 
a  native  of  North  India.  Thisgrease  is  said  to  make 
excellent  soap  Shea  butter  is  obtained  from  the 
B.  Parkii,  of  West  Africa,  and  has  been  used  in 
making  candles  and  soap.  The  butter-tree  of 
Sierra  Leone  is  the  PciitadcsDM  butijracca  (Br.), 
the  fruit  of  which  yields  much  grease,  eaten  by 
the  ncjjroos. 

BUTYRIC  AC  D  C,H,0.,.  Two  isomeric  forms 
of  this  acid  are  known,  normal  butyric  and  iso- 
butyric  acid. 

Normal  butyric  acid  CIl,.Cri,.CH.,.COOH. 

Occurri')ic<\  In  ordinary  butter  in  coml)ina- 
tion  with  glycerine  to  the  extent,  of  2  p.c;  also 
in  the  fruits  of  Hcmclciim  gigantcuiii  and  of 
Pastinaca  sativa,  as  hexyl  butyrate  and  octyl 
butyrate  respectively.  Butyric  acid  is  also  found 
in  flesh  juice,  and  is  frequently  a  constituent  of 
decomposing  organic  matter  (J.  1857,  353,  402, 
403,  559  ;  1858,  231 ;  1859,  363,  364  ;  1861,  454 ; 
18GG,  311). 


BUTYRIC  ACID. 
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Preparation.  -  (1)  Butyric  acid  is  a  frequent 
product  of  tlie  oxidation  of  organic  substances  ; 
casein,  fibrin  and  albumen,  for  example,  yield 
this  acid  among  other  products  on  oxidation 
with  manganese  dioxide  and  sulijhurie  acid 
(Guckelberger,  A.  64,  68). 

(2)  All  amylaceous  and  saccharine  sub- 
stances which  yield  lactic  acid  as  a  product  of 
their  fermentation  can  undergo  a  further  fer- 
mentation to  butyric  acid,  and  this  fact  is  made 
use  of  for  the  preparation  of  the  acid.  5  kilos, 
of  rice  or  potato  starch  are  boiled  with  GO  litres 
of  water  for  some  hours,  allowed  to  cool,  and  the 
product  after  24  hours  is  treated  with  60  grams 
of  malt  stirred  up  with  2  litres  of  milk,  with  1 
kilo,  of  linely-divided  liesh,  and  with  2  kilos,  of 
chalk,  the  chalk  being  added  to  neutralise  the 
lactic  and  butyric  acids  as  rapidly  as  they  are 
formed,  and  the  whole  is  allowed  to  remain  with 
occasional  stirring  for  several  weeks  at  a  tempe- 
rature of  2.5°-30°.  When  the  evolution  of  gas 
has  ceased,  the  product  is  heated  to  80'^,  filtered, 
precipitated  with  sodium  carbonate  to  decompose 
the  calcium  salt,  again  filtered,  evaporated  to  a 
small  bulk,  and  treated  with  sulphuric  acid. 
The  oily  layer  of  acid  so  obtained  is  fractionated 
to  free  it  from  the  acetic  and  ca})roic  acids 
fonned  simultaneously,  and  the  fraction  1.55°- 
174°  is  extracted  with  water,  which  dissolves 
the  butyric  acid  but  leaves  the  caproic  acid  un- 
dissolved; the  aqueous  extract  is  then  neutral- 
ised with  lime,  the  solution  concentrated,  and 
the  salt  finally  decomposed  by  hydrochloric  acid 
(Grillone,  A.  105,  127). 

(3)  In  the  presence  of  a  schizomyces — the 
so-called  Bacillus  subtilis,  which  can  readily  be 
obtained  by  stirring  hay  in  water,  straining  the 
liquor  through  a  sieve,  and  boiling  for  5  minutes 
—  Fitz  (B.  11,  52)  has  found  that  starch  readily 
undergoes  fermentation  yielding  normal  butyric 
acid  as  chief  product.  Nitrogenous  materials 
and  phosphates  must  be  present  for  the  growth 
of  the  organism.  In  one  experiment  100  grams 
of  potato  starch  were  mixed  with  O'l  gram  of 
potassium  phosphate,  1  gram  of  ammonium 
chloride,  0'02  gram  of  magnesium  sulphate,  50 
grams  of  chalk,  and  2  litres  of  water  at  40°,  and 
the  mixture,  treated  with  a  small  quantity  of  the 
li(iuid  containing  the  bacillus,  yielded  after  10 
days'  standing  84-7  grams  of  butyric  acid,  to- 
gether with  1  gram  of  ethj'l  alcohol,  5'1  grams 
of  acetic  acid,  and  0-33  gram  of  succinic  acid. 
It  is  to  be  supposed,  however,  that  just  as  it  is 
now  possible  by  the  use  of  a  pure  lactic  ferment 
to  obtain  pure  lactic  acid  without  the  fermenta- 
tion tending  to  proceed  further  by  conversion  of 
the  acid  so  formed  into  butyric  acid,  so,  by  ob- 
laiuing  pure  cultivations  of  the  particular  bac- 
terium which  effects  the  change  of  lactic  acid 
into  butyric  acid,  it  will  be  possible  to  prepare 
the  latter  free  from  acetic  acid  and  all  impurities 
except  those  forming  the  excretory  products  of 
the  organism,  of  which  succinic  acid  appears  to 
be  one. 

Butyric  acid  has  also  been  obtained  by  the 
fermentation  of  glycerine  in  3  p.c.  aqueous 
folution  with  a  species  of  schizomyces  (Fitz,  B. 
9,  1348;  10,  270),  and  has  been  prepared  by 
various  synthetical  methods  (Frankland  and 
Duppa,  A.  138,  218;  Geuther  and  Fiv  lich,  A. 
202,  306). 


Proj)C)7/(',s.— Butyric  acid  is  a  colourless, 
transparent  liquid,  having  an  odour  resembling 
that  of  rancid  butter,  and  a  sour  burning  taste. 
Cooled  to  -19°  it  solidifies,  and  the  crystals 
melt  at  about  -2°.  The  acid  boils  at  161-5°  at 
760  mm.  (Kahlbaum,  B.  16,  2480)  ;  at  161-5°- 
162-5°  at  753-2  mm.  (Briihl,  A.  203,  19);  at 
162-2°  at  748-7  mm.  (Lieben  and  Eossi,  A.  158, 
146) ;  at  162-3°  cor.  (Linnemann,  A.  160,  228 ; 
Zander,  A.  224,  64);  and  has  a  sp.gr.  =  0-9740 
at  0°  (Zander),  =  0-9886  at  0°  and  =  0-9580  at 

20'^ 

14°  (Linnemann),  and  =  0-9587  at  -gs  (Briihl). 

Butyric  acid  is  inflammable  and  burns  with  a 
blue  flame.  Alcohol,  wood  spirit  and  water  dis- 
solve it  in  all  proportions,  and  from  the  aqueous 
solution  it  can  be  separated  by  addition  of  cal- 
cium chloride.  Prolonged  boiling  with  nitric 
acid  converts  it  into  succinic  acid. 

Salts. — The  metallic  salts  of  normal  butyric 
acid  are  generally  soluble  in  water,  and  are  crys- 
talline. NaB  and  KB  crystallise  in  indistinct 
cauliflower-like  groups.  AgB  crystallises  in 
needles  or  monocliuic  prisms,  and  dissolves  in 
200  parts  of  water  at  14°  (Linnemann  and 
Zolta,  A.  101,  177) ;  100  parts  of  water  dissolve 
0-413  part  at  16°  (Griiuzweig,  A.  162,  203). 
MgB., -I- 5H.,0  crystallises  in  very  soluble  scales 
(Pelouze  and  G61is,  A.  47,  249).  BaB_,  +  4H,,0 
crystallises  in  nacreous  scales  and  dissolves  in 
2-48  parts  of  water  at  14°  (Liimemann  and  Zolta). 
CaBo  +  H.p  crystallises  in  rhombic  forms,  and, 
when  anhydrous,  dissolves  in  100  parts  of  water 
to  the  following  amounts  :  19-4  parts  at  0°,  17-56 
parts  at  20°,  15-92  parts  at  40°,  15-05  parts  at 
60^  15  parts  at  65°-80\  1.5-04  parts  at  85°,  and 
15-81  parts  at  100°  (Hecht,  A.  213,  72).  SrB 
forms  monoclinic  prisms  ;  100  parts  of  water  a£ 
20°_dissolve  39-2  parts  of  the  salt  (Griinzweig). 
ZuB,  -I-  2H^0  forms  monoclinic  prisms  ;  100  jjarts 
of  water  at  10°  dissolve  10-7  parts  of  the  crystal- 
lised salt  (Griinzweig).  PbB,  is  an  oil  which 
slowly  solidities  (Markownikow,  A.  138,  301). 
CuB., -fH„0  crystallises  in  triclinic  forms  (Alth, 

A.  91,  170),  and  CuB.,-i-2H,0  crystallises  in 
monoclinic  forms  (Pelouze  and  Gelis). 

Separation  from  formic,  acetic  and  propionic 
acids. ^Butyvic  acid  can  be  separated  from  its 
lower  homologues  by  converting  the  mixed  acids 
into  barium  salts  with  baryta,  evaporating  to 
dryness,  and  extracting  the  residue  with  absolute 
alcohol  at  30°,  since  at  this  temperature  100 
parts  of  alcohol  dissolve  0-0055  part  of  barium 
formate,  0-0284  part  of  barium  acetate,  0-201 
part  of  barium  propionate,  and  1-1717  part  of 
barium  butyrate  (Luck,  Fr.  10,  185). 

Butyryl  chloride,  obtained  by  treating  96 
grams  of  butyric  acid  with  100  grams  of  phos- 
phorus trichloride  (Burcker,  A.  Ch.  [5]  26,  468), 
boils  at  100°-101-5°  (Linnemann),  and  has  a 

sp.gr.  =  1-0277  at  ''^.y  (Briihl). 

Butyric  anhydride,  prepared  by  the  action  of 
butyryl  chloride  on  butyric  acid  (Linnemann,  A. 
161,  179),  boils  at  loi°-193°  (L.),  and  has  a 
sp.gr.  =  0-978  at  12-5°  (Gerhardt,  A.  87,  150). 

Butyramide,  formed  by  heating  dry  ammo- 
nium butyrate  for  six  hours  at  230°  (Hofmann, 

B.  15,  982)  crystallises  in  tables,  melts  at  115°, 
boils  at  216°,  and  is  readily  soluble  in  water. 
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Snhslitnted  butyric  acids  have  been  prepared. 
Chlorobiityric  acids  are  obtained  either  by  tlie 
direct  action  of  chlorine  or  by  oxidation  of  tiie 
corresponding  chlorinated  aldehydes  with  nitric 
acid,  and  have  been  described  :  o-nionoeliloro- 
butyric  acid,  by  Markownikow  (.\.  211) ; 

j8-nionochloro-,  by  Pinner  (B.  12,  205G)  ;  di- 
chloro-,  by  I'elouze  and  Gelis  (A.  Cli.  [3]  10, 
447),  and  Nauinann  (A.  119,  120);  trichloro-,  by 
Kriimer  and  Pinner  (li.  3,  389)  and  Judson 
(B.  3,  787) ;  and  tetrachloro-,  by  Naltcrer  (M.  4, 
551).  Bromobutyric  acids  can  be  obtained  by 
the  direct  action  of  bromine,  and  have  been  I 
described:  o-monobromobutyric  acid,  by  Nau- 
mann  (I.e.),  Wislicenus  and  Urech  (A.  1G5,  93)  ; 
dibromo-,  by  Schneider  (J.  18G1,  458) ;  and,  to- 
gether with  tribromo-,  by  Michael  and  Norton 
(Am.  2,  10). 

Isobutyric  acid  (CH3).,.CH.C00H. 

Occurrence. — IsobutjTic  acid  occurs  in  the 
fruit  of  Siliqna  dulcis  (Griinzweig,  A.  162,  190), 
and  in  arnica  root  [Arnica  montaim)  (Sigel,  A. 
170,  348). 

Preparation. — Isobutyric  acid  is  most  readily 
prepared  by  the  oxidation  of  isobutyl  alcohol 
with  a  mixture  of  sulphuric  acid  and  potassium 
bichromate.  Pierre  and  Puchot  (A.  Ch.  [4]  28, 
366)  give  the  following  proportions :  isobutyl 
alcohol  (300  parts)  is  mixed  with  water  (1500 
parts)  and  sulphuric  acid  (540  parts)  and  into 
the  well-cooled  mixture  finely  powdered  potas- 
sium bichromate  (400  pnrts)  is  gradually  intro- 
duced. An  ethereal  layer  separates,  consisting 
of  isobutylic  isobutyrate,  which  is  decomposed 
by  allowing  55  parts  to  fall  slowly  on  100  parts 
of  caustic  potash  to  which  one-tenth  its  weight 
of  water  has  been  added ;  the  resulting  potas- 
sium salt  is  then  distilled  with  dilute  sulphuric 
acid,  and  the  aqueous  acid  purified  by  fractional 
distillation. 

Synthetical  methods  for  preparing  this 
Rcid  have  been  described  by  Frankland  and 
Duppa  (A.  138,  337),  and  Markownikow  (A.  138, 
361). 

Pr/^ptrties.—lsohwiyx-'ic  acid  resembles  its 
jsomeride  in  appearance,  but  has  a  less  disagree- 
able odour.  It  boils  at  152°  at  760  mm.  (Kahl- 
baum,  B.  16,  2480) ;  at  153-5°-153-8°  at  750-3 
nun.  (Briihl,  A.  200, 180) ;  at  154°-154-2°  (Zander, 
A.  224,  77);  at  155-5°  (Pierre  and  Puchot);  and 
has  a  sp.gr.  =  0-9697  at  0°  (P.  a.  P.) ;  =  0-9651  at 
0°  (Zander) ;  =  0-9503  at  20°  (Linnemanu,  A.  162, 
9).  It  dissolves  in  five  times  its  volume  of  water 
(L.).  The  metallic  salts  of  isobutyric  acid  are 
more  soluble  in  water  than  those  of  the  normal 
acid.  The  potassium  and  sodium  salts  form 
cauliflower-like  masses.  AgB  crystallises  in 
characteristic  tabular  forms ;  100  jiarts  of  water 
dissolve  0-928  part  at  16°  (Griinzweig,  A.  ]()2, 
210).  MgB.,  forms  white  scales.  CaB,-i- 511,0 
forms  four-sided  monnelinic  crystals  ;  100  parts 
of  water  at  18°  dissolve  36  paits  of  crystallised 
salt  (G.),  and  the  solubility  increases  as  the 
temperature  rises.  SrB.  +  oH.O;  100  parts  of 
water  at  17°  dissolve  44-1  parts  of  the  crystal- 
lised salt  (G.).  ]$aB.■^iH.0  forms  monoclinic 
crystals  (Fitz,  B.  13,  1316').  ZnB,,+  H,0;  100 
parts  of  water  at  19-5°  dissolve  17-3"i)arts  of  the 
crystallised  salt  (Griinzweig).  Pbl},,  crystallises 
in  rhombic  tables  and  dissolves  in  li  parts  of 
water  at  16°. 


Isobntyryl  chloride,  prepared  by  treating 
isobutyric  acid  (12  parts)  with  phosphorus  tri- 
chloride (7  parts),  and  subsequently  distilling 
(Tdnnies  and  Staub,  B.  17,  850),  boils  at  91-5°- 
92-5°  at  748-2  mm.,  and  has  a  sp.gr.  =  1-0174  at 

p'  (Briihl,  A.  '203,  -20). 

Isobutyryl  anhydride,  obtained  by  boiling 
isobutyric  acid  with  isobutyryl  chloride  for  twelve 
hours  in  a  reflux  apparatus  and  fractionating  the 
product  (Tunnies  and  Staub),  boils  at  181-5°  at 
I  734  mm.,  and  has  a  sp.gr.  =  0-9574  at  16-5°. 
I  Isobutyramide,  formed  by  heating  dry  am- 
monium isobutyrate  at  230°  for  six  hours,  melts 
at  128°-l-29°  (Hofmann,  B.  15,  98-.>). 

Substituted  isobutyric  acids  have  been  pre- 
pared :  a-monochlorisobutyric  acid,  by  Balbiano 
(B.  11,  1693) ;  trichloro-,  by  Gottlieb  (J.  pr.  [2] 
12,  1) ;  bromisobutrac  acids  (Markownikow,  A. 
153,  2-29;  Eugelhorn,  A.  200,  65,  68;  Cabours, 
A.  Suppltbd.  2,  349,  352). 

BUTYKIC  ETHE  :>S.  These  compounds  are 
for  the  most  part  prepared  by  the  action  of 
butyric  acid  on  the  corresponding  alcohols  in 
the  presence  of  some  dehydrating  agent  such 
as  sulphuric  acid,  the  temperature  being  raised 
eventually  to  complete  the  reaction.  Butyric 
ethers  are  liquids  which  dissolve  in  alcohol  and 
ether  in  all  proportions,  but  are  only  very 
sparingly  soluble  in  water.  On  saponification 
with  caustic  potash  they  yield  the  corresponding 
alcohol  and  potassium  butyrate. 

Methyl  butyrate  C,H.O.,Me,  prepared  simi- 
larly to  the  ethyl-salt,  is  a  colourless  liquid 
w-ith  a  pleasant  odour  resembling  that  of  pine- 
apples. It  boils  at  102-3°  at  760  mm.  (Schu- 
maim,  P.  [2],  12,41),  at  102-10-2-5°  at  761-3  mm. 
(Schiff,  A.  220,  33-2),  and  has  a  sp.gr.  =  0-9194 

0° 

at  j3  (Elsiisser,  A.  218,  314). 

Ethyl  b-atyrate,  huti/ric  ether,  is  prepared  by 
adding  1  part  by  weight  of  sulphuric  acid  to  2 
parts  each  by  weight  of  butyric  acid  and  alcohol. 
The  liquid  becomes  heated,  and  the  mixture  at 
once  separates  into  two  layers  of  which  the 
upper  one  consists  of  ethyl  butyrate.  To  com- 
plete the  reaction  it  is  necessary  to  heat  the  pro- 
duct at  about  80°  for  a  short  time.  The  upper 
layer  is  separated,  w-ashcd  with  water,  dried 
over  calcium  chloride,  and  distilled.  The  pre- 
sence of  considerable  quantities  of  water  does 
not  seem  to  hinder  etherilication  (Pelouze  aud 
Gelis,  A.  47,  250). 

Ethyl  butyrate  is  a  colourless  liquid  having 
an  odour  like  that  of  pine-api)les.    It  boils  at 
119-9°  at  760  mm.  (Schumann),  at  119-5°- 1-20° 
at  759-4  mm.  (SchiC),  aud  has  a  sp.gr.  =  0-8996 
0° 

at  p  (Elsiisser).    A  solution  of  ethyl  butyrate 

is  very  largely  used  in  perfumery  and  in  con- 
fectionery uniler  the  name  of  pine-apple  oil. 

Propyl  butyrate  boils  at  142  7°  at  760  mm. 
(Schumann),  at  143-144'  at  762  mm.  (SchilT), 

and  has  a  sp.gr.  =  0-8930  at  ^  (Elsiisser). 

Isopropyl  butyrate  boils  at  129°  at  755  mm., 
and  h.-is  a  sp.gr. -=  0-8787  at  0'  (Silva,  B.  2.  283), 
=  0-".i(i-i7  at  0"  (Pribram  and  Handl,  IM.,  2,  690). 

Butyl  butyrate  boils  at  164-8"  (cor.),  and 
has  a  sp.gr.  =  0-8760  at  12°  (Linnemann,  A.  161, 
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195  ;  comi:iare  also  Lieben  and  Eossi,  A.  158, 
170). 

Isobutyl  butyrite  boils  at  15G-0'"  at  700  mm. 
(Scauimann),  at  157-158'^  at  703-2  mm.  (Schiff), 
and  has  a  sp.gr.  ■-=  0-8798  at  0°  =  0-8061  at  16° 
(Griinzweig,  A.  102,  207). 

Isoamyl  butyrate  boils  at  178-6°  at  760  mm. 

QO 

(Schnmann),  and  has  a  sp.gr.  =  0-8823  at  ~j 
(Elsiisser). 

The  hcxyl-  and  octyl-butyrates  occur  in  the 
oils  from  the  fruits  of  Hcracleum  gigantcum 
(Franchimont  and  Zincke,  B.  4,  824),  and  Pas- 
tinaca  sativa  (Renesse,  A.  106,  80),  respectively. 

Ethereal  salts  of  isobutyrio  acid  have  been 
prepared  : 

Methyl  isDbutyrate  boils  at  92-3°  at  700  mm. 
(Schumann),  at  92-4°  at  700-7  mm.  (Schiff),  and 
has  a  sp.gr.  =  0-9112  (Elsiisser). 

Ethyl  isobutyrate  boils  at  110-1°  at  700  mm. 
(Schumann),  at  110-1°  at  757-3  mm.  (Schiff). 
Its  Kp.gr.  =  0-8903  (Elsiisser). 

Propyl  isobutyrate  boils  at  133-9°  at  760  nmi. 
(Schumann),  at  134-8°-135-4°  at  760-3  mm. 
(Schilf).    Its  sp.gr.  =  0-8843  (Elsiisser). 

Isopropyl  isobutyrate  boils  at  118°-121°  at 
727  mm.,  and  has  a  sp.gr.  =  0-8787  at  0""  (Pri- 
bram and  Handl). 

Isobutyl  isobutyrate  boils  at  140-0°  at 
700  mm.  (Schumann),  at  147-5°  at  760  mm. 
(Kahlbaum),  at  148-5°-149-5°  at  759-2  mm. 
(Schilf).    Its  sp.gr.  =  0-8752  (Griinzweig). 

Isoamyl  isobutyrate  boils  at  168-8°  at 
760  mm.  (Schumann),  and  has  a  sx3.gr.  =  0-8759 

at  '-p  (Elsiisser). 

BUTYEAIDEHYDE  Butyric  aldehyde  C,H,0. 
This  compound  exists  in  two  isomeric  forms, 
termed  normal  and  isobutyrio  aldehyde  respec- 
tively. 

Normal  bu'yraldehyde  CH3.(CH,,).,.GH0  is 
formed  together  with  acetaldehyde  and  propal- 
dehyde  by  the  action  of  chromic  acid  upon 
fibrin,  casein  and  albumen  (Guckelberger,  A. 
04,  39).  It  is  readily  i^repared  by  distilling 
a  mixture  of  calcium  formate  (2  mol.)  and  cal- 
cium butyrate  (1  mol.)  in  quantities  of  50  grams 
at  a  time  with  twice  the  weight  of  iron  filings. 
The  distillate  is  fractionated,  the  fraction  70°- 
110°  treated  with  sodium  hydrogen  sulphite 
(bisulphite),  then  shaken  with  ether  to  extract 
impurities,  and  finally  distilled  with  excess  of 
soda  (Lipp,  A.  211,  355;  Linnemann,  A.  161, 
186  ;  Kahn,  B.  18,  3364). 

Properties. — Normal  butyraldehyde  is  a 
liquid  which  boils  at  73°-74°  (Lipp),  at  73°-77° 

and  has  a  sp.gr.  =  0-8170  at        (Briihl,  A.  203, 

18).  It  is  soluble  in  27  parts  of  water.  With 
sodium  hydrogen  sulphite  (bisulphite)  it  unites, 
yielding  a  crystalline  compound  (Justin,  B.  17, 


2505  ;  Kahn).  When  treated  with  aqueous 
annnonia  at  0°  it  yields  butyraldehyde-ammonia 
C|H|,N0  4-3^H^O,  which  crystallises  in  acute 
rhombic  tetrahedra  and  melts  at  30°- 31° 
(Guckelberger).  If,  however,  alcoholic  ammonia 
and  the  aldehyde  are  allowed  to  stand  for  a 
month,  and  then  heated  for  a  day  at  lOO"",  con- 
densation occurs,  and,  after  removal  of  ammonia, 
alcohol  and  unattached  butyi-aldehyde  by  dis- 
tillation, two  bases,  tetrabutyraldine  and  dibutyr- 
aldine  C„H|.NO  can  be  separated  by  fractional 
precipitation  with  platinic  chloride.  The  latter 
only  can  be  crystallised,  and  when  heated  is  con- 
verted into  paraconine  C„H,,,N  and  water  (Schiff, 
A.  157,  352).  The  trichlorobutyraldehyde 
(butylchloral)  and  its  hydrate  have  been  pre- 
pared by  Pinner  (A.  179,  26). 

Isobutyraldehyde  (CH,,).,CH.CHO  can  be  pre- 
pared by  the  oxidation  of  isobutyl  alcohol  with 
potassium  bichromate  and  sulphuric  acid  (Lipp, 
A.  205,  2;  Pinner,  B.  5,  099;  Fossek,  M. 
2,  614;  4,  661),  or  by  distilling  calcium  for- 
mate with  calcium  isobutyrate  (Linnemann  and 
Zotta,  A.  162,  7).  It  dissolves  in  9  parts  of 
water  at  20°,  and  is  soluble  in  alcohol  and  ether. 
The  boiling-point  is  61°  (Pierre  and  Puchot,  A. 
163,  286),  03°-04°  at  767  mm.  (Briihl,  A.  203, 
18),  63°  at  741  mm.  (Fossek),  and  the  sp.gr. 
=  0-7911  at  27-8°  (Pierre  and  Puchot),  =0-7938 

OAO 

at  -~  (Briihl),  =0-8057  at  0°,  and  =0-7898  at 

20°  (Fossek),  =0-79722  at  15°  (Perkin,  C.  J.  45, 
470).  Condensation  compounds  have  been  ob- 
tained by  Perkin  (C.  J.  43,  91),  Barbaglia  (B.  5, 
1062),  Fossek  (I.e.),  and  Urech  (B.  12,  1745). 

BUTYRONE  Dipropyl  Tcctone  C,H,,,0. 

Butyrone  is  obtained  by  distilling  calcium 
butyrate,  or  preferably  a  mixture  of  calcium 
butyrate  and  calcium  carbonate  (Schmidt,  B.  5, 
597) ;  the  crude  product  is  dehydrated  by  treat- 
ment with  calcium  chloride,  and  purified  by 
fractional  distillation.  Butyrone  boils  at  144°, 
and  has  a  sp.gr.  =  0-8195  at  20°,  does  not  com- 
bine with  ammonia  and  sodium  hydrogen  sul- 
phite (bisulphite),  yields  a  mixture  of  propionic 
and  butyric  acids  on  oxidation  with  chromic  acid, 
and  is  converted  into  a  secondary  alcohol  G;H|„0 
and  butyrone-pinacone  C||H^„02  on  treatmenx 
with  sodium  amalgam  and  water  (Kurtz,  A.  101, 
205). 

An  isomeride  di-isoprop7jll;ctone  can  be  pre- 
pared by  distilling  calcium  isobutyrate  (Miinch, 
A.  180,  327)  ;  it  boils  at  124-120\  has  a 
sp.gr.  =  0-8254  at  17° ,  and  does  not  combine  with 
sodium  hydrogen  sulphite. 

BUXIN.  An  alkaloid  obtained  from  the  box- 
tree  (Btixus  scmpcrvircns).  Hager  (C.  C.  1877, 
119)  found  it  in  beer  as  an  adulterant.  It  is 
said  by  Walz  (N.  J.  P.  14,  15)  to  be  identical 
with  bebeerine  v.  VEOETO-ALKAioins. 
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CADAVERINE  v.  Ptomaixes. 

CADIE  GUM  V.  Gdms. 

CADMIUM.  (Kadmium,  Ger.)  Symbol  Cd. 
At.  \vt.  111-7  (Hauer,  Dumas). 

Cadmium  occurs  in  small  quantities  as  sul- 
phide in  Greenockite  at  Bishopton,  Eeufrew- 
shire,  and  in  Pennsylvania  and  Bohemia.  This 
is  the  only  ore  containing  cadmium  as  the  prin- 
cipal element.  Cadmium  occurs  in  small  quan- 
tities in  nearly  all  zinc  ores,  those  of  Silesia 
containing  as  much  as  5  p.c.  The  radiated  zinc 
blende  of  Przibram,  Hungary,  contains  from  2  to 
3  p.c.  Calamine  occurs  at  Eaton,  N.  America, 
containing  3  p.c.  of  cathnium.  It  occurs  also  in 
the  silicate  and  carbonate  of  zinc  at  l''reiberg, 
Derbyshire,  and  Cumberland,  and  in  most  com- 
mercial zinc. 

Preparation.— In  the  reduction  of  zinc  ores 
the  more  volatile  cadmium  passes  over  in  the 
first  portions  of  the  distillate.  This,  when  con- 
taining sullicient  cadmium,  is  collected  for  the 
extraction  of  that  metal.  At  Silesia,  the  first 
portion  of  the  distillate,  which  contains  from  2 
to  11  p.c.  of  cadmium,  is  mixed  with  about  one- 
fourth  of  its  weight  of  coal,  and  distilled  at  a 
dull  red  heat ;  the  cadmium  then  distils  with  a 
little  zinc,  but  the  greater  part  of  the  latter 
metal  remains  behind.  After  being  again  dis- 
tilled, the  metal,  thus  nearly  freed  from  zinc, 
is  cast  into  small  cylinders  about  ~  inch  thick. 

In  some  cases  the  metal  obtained  by  the  re- 
distillation of  the  first  crude  product  with  coal 
is  dissolved  in  hydrochloric  acid,  and  the  cad- 
mium precipitated  from  the  diluted  solution  by 
the  addition  of  metallic  zinc.  The  spongy  metal 
so  isroduced  is  fused  and  cast  into  ingots.  For 
the  jjreparation  of  cadmium  free  from  zinc  the 
metal  is  dissolved  in  hydrochloric  acid,  diluted, 
and  precipitated  as  sulphide  by  a  current  of  sul- 
phuretted hydrogen.  The  sulphide  is  filtered 
olf,  dissolved  in  strong  hydrochloric  acid,  and 
the  cadmium  precipitated  as  carbonate  by  the 
addition  of  sodium  carbonate,  which  on  ignition 
yields  the  o.xide  ;  from  this  the  metal  is  produced 
by  distillation  with  charcoal  as  before. 

PropcrUcs. — Cadmium  is  a  white  metal  with 
a  tinge  of  blue,  of  strong  lustre,  and  capable  of 
taking  a  high  polish.  It  produces  a  metallic 
streak  on  paper  like  lead,  but  less  readily. 
Cadmium  is  compact  in  texture  and  of  fibrous 
fracture,  harder  and  more  tenacious  than  tin, 
it  may  be  drawn  into  thin  wire  or  hammered 
into  leaves,  but  when  heated  to  SO'C.  it  be- 
comes brittle,  and  may  be  powdered  in  a  mortar. 
On  account  of  its  crystalline  structure  it  crackles, 
like  tin,  when  bent. 

By  distillation  in  a  current  of  hydrogen,  cad- 
mium may  be  produced  in  regular  octahedra 
and  other  figures  of  the  cubic  system. 

Cadmium  melts  at  320''C.  (Van  Eiemsdijk), 
nnd  boils  at  7G3-772'C.  (Carnelley  and  Carlton 
■\Villiams).  Its  vapour  density  at  1,010°C.  is 
3-'J-l  referred  to  air,  or  5(;-3  referred  to  hydrogen. 
Hence  it  appears  that  the  molecule  of  cadmium 
contains  but  one  atom  at  that  temperature. 


According  to  Demar(;ay,  it  emits  vapours 
when  heated  below  the  melting-point  (C.  11. 
95,  183).  When  heated  in  air  it  burns  readily, 
evolving  brown  fumes  of  the  oxide.  Cad- 
mium dissolves  in  hydrochloric  and  sulphuric 
acids  with  evolution  of  hydrogen.  It  is  readily 
attacked  by  nitric  acid.  It  combines  directly  with 
chlorine,  bromine,  and  iodine  when  placed  in 
solutions  of  those  elements,  .\ccording  to  Alberta 
(J.  1SG5,  242)  the  presence  of  platinum  increases 
its  solubility  La  such  solutions  and  in  acids. 

Detection. — All  compounds  of  cadmium,  when 
heated  on  charcoal  Lu  the  reducing  llame,  give  a 
brown  incrustation.  Sulphuretted  hydrogen  pro- 
duces a  yellow  precipitate  in  acid  solutions,  so- 
luble in  strong  hydrochloric  acid,  insoluble  in 
alkaline  sulphides  ;  it  is  thus  distinguished  from 
antimony  and  arsenic. 

EstinuUion.—  Cadmium  is  best  precipitated 
as  carbonate  by  the  addition  of  sodium  carbonate. 
The  well  washed  and  dried  precipitate  is  then 
detached  as  far  as  possible  from  the  filter  paper 
and  converted  into  oxide  in  a  porcelain  crucible ; 
the  filter  paper  is  saturated  with  nitric  acid  or 
solution  of  ammonium  nitrate,  dried  and  ignited 
on  the  lid  of  the  crucible  ;  in  this  way  the  loss 
from  reduction  of  the  oxide  to  the  volatile  metal 
is  minimised.  The  crucible  and  contents  with 
the  lid  are  then  weighed,  aud  the  percentage  of 
cadmium  calculated  from  the  weight  of  oxide 
produced. 

For  the  separation  from  other  metals  not 
precipitable  by  sulphuretted  hydrogen  in  acid 
solution,  it  is  precipitated  as  sulphide  by  that 
gas,  washed,  dissolved  in  nitric  acid,  and  preci- 
pitated as  above  with  sodium  carbonate. 

Alloys  of  cadmium.  The  addition  of  cadmium 
to  metals  usually  increases  their  fusibility  with- 
out destroying  their  malleability. 

An  alloy  of  100  copper  and  82  cadmium  is 
yellowish-white  and  of  fine-grained  scaly  struc- 
ture. One  part  of  cadmium  with  2  of  silver  pro- 
duces a  strong  malleable  alloy  ;  100  parts  of 
platinum  with  117  of  cadmium  form  a  very 
brittle,  silvery  white,  fine-grained  alloy,  refractory 
in  the  fire  (Stromeyer).  With  mcrcurij  it  forms 
hard,  silver-white  amalgams  ;  the  alloy  contain- 
ing 21'7  p.c.  of  cadmium  crystallises  in  octahedra. 
An  amalgam  of  cadmium  and  mercury  frequently 
containing  tin  is  used  in  dentistry.  For  fusible 
and  other  alloys  containing  bismuth  and  cad- 
mium V.  Alloys  of  bis)iiutli,  art.  Bismuth. 

Cadmium  oxide  CdO  is  prepared  by  heating 
the  carbonate,  in  which  case  it  is  of  a  pale  brown 
colour ;  or  by  igniting  the  nitrate,  when  it  is 
much  darker  and  forms  minute  crystals.  By 
heating  cadmium  in  a  current  of  oxygen  the 
oxide  may  be  condensed  in  octahedral  crystals. 
Cadmium  oxids  is  infusible,  insoluble  in  water, 
soluble  in  acids.  It  constitutes  the  brown  de- 
posit found  in  the  condensers  in  the  distilla- 
tion of  zinc. 

Cadmium  chloride  CdCl,^  is  prepared  by  dis- 
solving the  metal  or  oxide  in  hydrochloric  acid, 
and  evaporation.    It  melts  below  a  red  heat  and 
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sublimes  at  a  higher  temperature,  condensing  in 
micaceous  plates. 

Cadmium  iodide  CdL  is  obtained  by  digesting 
1  part  of  the  metal  V7ith  2  parts  of  iodine  in 
water  and  evaporating  the  solution.  It  crystal- 
lises in  large  transparent  tablets,  soluble  in 
water  and  alcohol.  It  is  used  in  medicine  and, 
on  account  of  its  stability  and  solubility  in 
alcohol,  for  iodising  collodion  plates  in  photo- 
graphy. 

Cadmium  sulphide.  Cadmium  yellow.  Jauna 
brillant.  This  pigment  may  be  laroduced  by  the 
addition  of  sulphuretted  hydrogen  or  an  alkaline 
sulphide  to  a  solution  of  a  cadmium  salt.  It  may 
also  be  prepared  by  heating  a  mixture  of  cad- 
mium oxide  and  excess  of  sulphur,  bat  that  pro- 
duced by  the  former  method  is  of  a  liner  colour 
and  has  greater  covering  jjower. 

It  is  an  orange  or  lemon-yellow  powder,  but 
may  be  obtained  in  lorismatic  crystals.  When 
heated  to  redness  it  becomes  first  brown,  then 
carmine ;  it  melts  at  a  bright-red  heat,  and 
solidifies  on  cooling  in  lamina)  of  the  original 
colour. 

It  is  a  very  brilliant  joermanent  colour. 
According  to  Jac<piet  it  is  acted  upon  by  light 
and  by  chlorine.  It  is  much  used  as  an  oil 
and  water  colour,  for  coloui"ing  certain  toilet 
soaps,  for  the  production  of  a  blue  flame  in 
pyrotechny,  and  in  calico-printing.  The  chief 
adulterants  are  compounds  of  zinc.  According 
to  Buchner  (C.  Z.  11,  1,087  and  1,107)  two 
modifications  of  cadmium  sulphide  exist ;  the 
lemon-yellow  ordinary  sulphide, and  apolymcride 
of  a  vermilion  colour,  which  becomes  perma- 
nently yellow  if  heated.  The  various  shades  of 
the  pigment  are  produced  by  the  combination  of 
these  two  colours. 

The  red  variety  is  produced  when  the  solu- 
tion precipitated  by  sulphuretted  hydrogen  is 
acid.  Prom  a  dilute  solution  of  a  cadmium  salt 
sodium  sulphide  jjrecipitates  the  yellow  modi- 
fication ;  from  a  strong  solution  a  reddish 
mixture  of  the  two  modifications  ;  and  from  a 
strong  boiling  solution,  a  brick  red  precipitate. 

Schmid  (1).  P.  J.  211,  119)  prepares  a  steam 
yellow  for  calico-printing  as  follows  :  16  parts 
wheaten  starch  and  40  parts  burnt  starch  are 
boiled  in  1,000  parts  of  water  and  mixed  while 
hot  with  350  parts  of  sodium  thiosulphate.  To 
the  cooled  solution  350  parts  of  finely  powdered 
cadmium  nitrate  are  added  with  constant  stirring 
until  dissolved.  This  solution  does  not  react  in 
the  cold,  and  may  be  applied  to  the  fabric  and 
steamed,  the  yellow  sulphide  being  then  pre- 
ciiiitated. 

Cadmium  sulphate  CdSO^lHp  is  a  very 
soluble  salt  prepared  by  dissolving  the  oxide  or 
carbonate  in  sulphuric  acid.  It  is  used  to  some 
extent  in  medicine,  especially  on  the  Continent. 

Cadmium  nitiate  Cd(N03)^4H^O  is  prepared 
by  dissolving  the  oxide  or  carbonate  in  nitric 
acid.  It  crystallises  in  deliquescent  fibrous 
needles,  soluble  in  alcohol. 

C5;s1UM:.  symbol  Cs.  At.  wt.  132-7  (Bun- 
sen  ;  Johnson  and  Allen).  Ca'sium  was  dis- 
covered in  liiV)0  by  Bunsen  and  Kirchhoff,  in  the 
Biirklieim  water,  being  the  first  metal  discovered 
by  means  of  the  spectroscope. 

It  is  widely  but  sparsely  distributed,  usually 
in  association  with  rubidium,  as  in  the  Icjiiduliti- 


from  Hebron,  in  Maine,  U.S.A.,  which  contains 
0-4  p.c.  Ciesium  oxide  and  0-2  p.c.  rubidium  oxide  ; 
in  pctalile ;  in  the  mother  liquors  of  the  Nauheim 
salt  spring,  and  in  the  ash  of  sea-weed,  tobacco, 
tea,  and  other  plants.  Setterberg  (A.  210,  100) 
describes  a  method  for  the  separation  of  caesium 
and  rubidium  from  the  alums  obtained  as  a  by- 
product in  the  manufacture  of  litliia  from  lepi- 
dolite. 

Ca;sium  occurs  free  from  rubidium  in  the 
rare  mineral  jw/Zms',  from  Elba,  to  the  extent  of 
34  p.c.  of  cirsium  oxide  ;  to  the  extent  of  1"71 
parts  of  ciesium  chloride  per  million  in  the  water 
of  the  Wheal  Clifford  Mine  (Yorke)  and  in  the 
mineral  waters  of  Frankhauscn. 

Ciesium  may  be  prepared  by  electrolysis  of 
a  fused  mixture  of  caesium  cyanide  4  parts  and 
barium  cyanide  1  part,  using  electrodes  of 
aluminium  (Setterberg).  It  resembles  rubidium 
and  potassium  in  appearance,  being  silvery  white, 
and  soft  at  ordinary  temperatures.  It  quickly 
oxidises  in  air,  and  rapidly  decomposes  water 
with  ignition  of  the  liberated  hydrogen.  Its 
sp.gr.  at  15°  is  1-88,  its  melting-point  is  20-27'-'C. 
(Setterberg). 

Ctt'sium  is  the  most  electro-positive  of  all  the 
elements.  Its  salts  are  stable,  and  have  a  strong 
tendency  to  form  double  salts.  The  salts  are 
isomorphous  with  those  of  potassium  arjd 
rubidium,  and  impart  a  more  reddish  tinge  to 
the  Bunsen  flame  than  salts  of  those  metals. 
The  hydroxide  CsHO  is  a  greyish-white  highly 
deliquescent  solid,  melting  below  a  red  heat.  The 
anhydrous  oxide  has  not  been  prepared. 

CAFFEINE  V.  Vegeto-alkaloids. 

CAFFEONE.  A  brown  oil,  heavier  than 
water,  and  slightly  soluble  in  boiling  water. 
Constitutes  the  aromatic  principle  of  cofl'ee. 
May  be  obtained  by  distilling  freshly  roasted  coffee 
with  water,  and  agitating  the  distillate  with  ether 
which  attracts  the  oil. 

CAIL-CEDEA.  Kaya  sencgalcnsis  or  Swict- 
cnia  sencgalcnsis.  A  tree  of  the  cedrelaceous 
order,  growing  on  the  banks  of  the  Gambia  and  on 
the  lowlands  of  the  peninsula  of  Cape  de  Verde. 
Its  bark  is  very  bitter,  and  is  much  prized  by 
the  natives  as  a  febrifuge,  on  which  account 
it  has  been  called  the  cinchona  of  Senegal. 
Its  wood  resembles  mahogany  [Swietcnia  ina- 
liogani),  and  is  used  in  making  the  finer  kinds 
of  furniture.  The  bark  contains,  amongst  other 
substances,  an  extremely  bitter,  neutral  resinous 
substance  called  cail-cedrin,  to  which  its 
active  properties  appear  to  be  due. 

Cail-cedrin  is  very  sparingly  soluble  in  water, 
but  readily  soluble  in  alcohol,  ether,  and  chloro- 
form. It  is  obtained  by  repeatedly  exhausting 
the  coarsely  pulverised  bark  with  boiling  water ; 
evaporating  the  filtered  liquids  over  the  water- 
bath  to  the  consistence  of  a  syruj) ;  e.xhausting 
this  extract  with  alcohol  of  90  p.c. ;  iJrecipitating 
the  alcohol  filtrate  with  basic  lead  acetate  ;  filter- 
ing, distilling  off  the  alcohol,  and  agitating  the 
residue  with  chloroform,  which  dissolves  nothing 
but  the  bitter  principle.  1  kilogram  of  the  bark 
yields  about  8  milligrams  of  cail-cedrin  (Caven- 
tou,  J.  I'h.  [3]  16,  355 ;  33,  123). 

CAINCEXIN  V.  Glucosides. 

CAlNCIN  V.  Glucosides. 

CAIRN :  OEM.  A  yellow  or  pale  brown  trans- 
parent variety  of  quartz,  largely  used  as  an 
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ornamental  stone.  A  rich  yello'w  tint  is  often 
produced  artificially  by  the  action  of  heat  upon 
dull,  smoky  quartz.  The  mineral  derives  its 
name  from  Cairngoruni  (the  Blue  Mountain),  one 
of  the  highest  peaks  of  the  Central  Grampians. 
Most  of  the  cairngorm  of  commerce  is  now 
obtained  from  Spain  or  from  Brazil.  Certain 
cairngonns  bear  a  strong  resemblance  to  yellow 
topaz,  and  are  hence  known  to  jewellers  as 
'  Scotch  topaz  '  or '  Spanish  topaz.'  The  simplest 
way  of  distinguishing  such  false  topaz  from  the 
true  stone  is  to  take  its  specific  gravity  (cairn- 
gorm 2-G,  topaz  3'o).  When  determinations 
have  to  be  made  frequently,  it  is  convenient  to 
have  Sonstadt's  solution  made  up  to  a  density  of 
nearly  >S.  On  dropping  the  stones  into  such  a 
solution,  the  true  topaz  sinks  while  the  cairn- 
gorm floats.  F.  W.  K. 

CAJEPUT  OIL  V.  Oils,  essential. 

C.UEPUTOL  r.  Camphoes. 

'  CAL  '  r.  TrxtiSTEN. 

C.\LABAKINE  v.  Vegeto-alkaloids. 

CALAMINE.  A  term  applied  indifferently 
to  both  silicate  and  carbonate  of  zinc.  In  this 
country  the  tenn  is  usually  restricted  to  the  car- 
bonate, whilst  the  silicate  is  called  Smithsonite 
or  electric  calamine  {v.  Zinc). 

CALAMUS.  The  Indian  variety  of  yl  corns 
calamus ;  is  used  as  a  medicine  in  the  Levant ; 
the  Turks  candy  it  and  employ  it  as  a  remedy 
against  contagion.  The  volatile  oil  occasionally 
enters  into  the  composition  of  aromatic  vinegar. 
According  to  Thorns  c  i  c  o  r  i  n  C^gH^^O^  in  contact 
with  fcnnents  splits  up  into  sugar  and  oil  of 
calamus  Ca^Hj^Os  =  C|;H,.0^  +  3C,dH,j  {v.  Acorus 
calamus). 

CALCIUM.  Symbol  Ca.  At.  wt.  39-9.  Lime, 
the  oxide  of  calcium,  has  been  employed  in  the 
preparation  of  mortar  from  very  early  times. 
Interesting  accounts  of  the  process  of  lime- 
burning  are  given  by  Dioscorides  and  Pliny. 
It  was  not,  however,  until  1756  that  the  differ- 
ence between  burnt  and  unburnt  lime  was  pointed 
out  by  Black.  In  1808  the  metal  itself  was  first 
isolated  by  l>avy,  and  has  since  been  obtained 
in  the  pure  state  by  IMatthiessen. 

Calcium  is  universally  found  as  carbonate 
CaCO.,  in  the  forms  of  calcsimr,  marble,  and 
limestone,  often  in  whole  mountain  ranges  or 
immense  coral  reefs.  Dolomite  or  bitter  sjMr, 
the  double  carbonate  of  calcium  and  magnesium, 
constitutes  the  geological  formation  tenned  mag- 
nesian  limestone.  Calcium  sulphate  as  anhy- 
dride CaSO,  or  sclcnile  (gi/psnin)  CaSO^-^  '2H.X), 
is  also  very  plentiful.  The  phosphate  united  with 
the  chloride  or  fluoride  also  occurs  widely  dis- 
tributed, often  as  minute  inclosurcs  in  crystals 
of  the  jDriniaiy  rocks,  as  the  mineral  apatite, 
while  calcium  is  an  important  base  in  the 
greater  number  of  natural  silicates.  The  solid 
matter  carried  away  by  rivers  largely  consists  of 
the  carbonate  and  sulphate  of  calcium,  while 
sea-water  contains,  in  addition  to  these,  both 
phosphate  and  fluoride  of  calcium.  The  bones 
of  animals  consist  largely  of  calcium  phosphate, 
and  the  shells  of  molluscs  of  the  carbonate. 
Calcium  salts  are  never  absent  from  plant 
tissues,  concentrating  mainly  in  the  leaves. 

Calcium  also  occurs  in  extra-terrestrial  bodies, 
iu  the  sun,  meteorites,  and  many  fixed  stars. 


rrcparation  of  the  mtfal. — Calcium  was  ob- 
tained as  an  impure  metallic  powder  by  Davy  iu 
ISO.S  by  the  electrolysis  of  the  chloride,  using 
mercury  as  negative  electrode,  and  afterwards 
heating  the  amalgam  thus  formed  until  the 
mercury  was  volatilised.  It  was  obtained  as  a 
metallic  solid  by  Matthiessen  in  1S5G  (C.  J. 
8,  28)  in  the  following  manner: — A  mixture 
of  calcium  and  strontium  chlorides  in  the  pro- 
portion of  two  molecules  to  one,  together  with  a 
little  ammonium  chloride,  the  whole  being  more 
readily  fusible  than  pure  calcium  chloride,  was 
melted  in  a  porcelain  crucible  in  which  was  in- 
serted a  carbon  positive  pole.  A  thin  pianoforte 
wire  wound  round  a  thicker  one,  and  dipping 
just  below  the  surface  of  the  fused  mass,  con- 
stituted the  negative  pole.  On  passing  the  electric 
current,  beads  of  metallic  calcium  attached  them- 
selves to  the  fine  wire,  and  were  separated  by 
withdrawing  the  negative  pole  evei-y  few  minutes. 
The  surest  way  of  obtaining  the  metal  by  this 
process  is  to  only  permit  the  negative  pole, 
which  should,  under  these  circumstances,  be 
;  pointed,  to  gi'aze  the  surface  of  the  fused 
mixture ;  the  heat  occasioned  by  the  resistance 
effects  the  fusion  of  the  metal,  which  drops  off 
the  point  of  the  wire  in  beads  which  may  be 
ladled  out  with  an  iron  spatula. 

Li^s-Bodart  and  Gobin  (C.  B.  47,  23)  ob- 
tained calcium  by  heating  the  iodide  with  an 
equivalent  of  sodium  in  an  iron  crucible,  the  lid 
of  which  was  screwed  down.  Dumas  (C.  B. 
47,  175)  states  that  a  closed  vessel  is  necessary 
in  this  process. 

Frei  obtained  calcium  in  globules  weighing 
2-4  to  4  grams  by  the  electrolysis  of  the  chlor- 
ide. 

Another  process  consists  in  fusing  3  parts 
of  calcium  chloride  with  4  parts  of  zinc  and 
1  part  of  sodium,  thus  fonning  an  alloy  of  zinc 
and  calcium,  which,  when  heated  in  a  gas-carbon 
crucible,  decomposes,  the  zinc  volatilising  and 
a  button  of  fused  calcium  remaining  (Caron 
A.  115,  355). 

Calcium  is  a  light  yellow  metal  resembling 
an  alloy  of  gold  and  silver,  lustrous  when  freshly 
cut,  and  giving  a  yellow  streak.  It  has  a  hard- 
ness about  the  same  as  that  of  gold,  and,  like 
that  metal,  is  very  ductile  and  malleable,  being 
readily  hammered  out  into  very  thin  sheets.  Its 
specific  gravity  is  1'5778.  Perfectly  dry  air  is 
without  sensible  action  upon  it,  but  in  moist  air 
it  rapidly  becomes  converted  into  hydrate.  Heated 
on  platinum  foil  in  the  air  it  burns  with  a  bright 
yellow  flash,  and  if  thrown  into  water  produces 
a  violent  evolution  of  hydrogen.  Heated  in 
chlorine  it  burns  brilliantly,  forming  the  chlor- 
ide ;  bromine  and  iodine,  oxygen  and  snlpliur, 
also  combine  with  it  at  moderately  high  tem- 
peratures with  evolution  of  light.  Strong  nitric 
acid  is  without  action  below  its  boiling-point, 
but  dilute  nitric  acid  acts  so  violently  tliat 
ignition  frequently  occurs.  Dilute  hydrochloric 
and  sulphuric  acids  also  rapidly  dissolve  the 
I  metal.  According  to  Mallet,  lime  heated  with 
aluminium  iu  a  wind-furnace  forms  calcium 
which  volatilises. 

Calcium  unites  with  all  the  non-metallic 
elements  forming  compounds,  into  which  it 
enters  as  a  divalent  radicle ;  the  compounds 
are  generally  colourless,  of   acrid  taste,  and 
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lower  specific  gravity  tliaii  tliose  of  the  other 
alkaline-earth  metals. 

Fused  with  a  large  excess  of  zinc,  calcium 
forms  an  alloy  of  the  composition  CaZn,.,,  which 
crystallises  in  quadratic  octahedrons  of  sp.gr. 
6'37  ;  it  is  decomposed  by  water  (G.  vom  Kath, 
Z.  [2]  .5,  0G5). 

Calcium  oxide,  lime,  CaO.  Anhydrous  cal- 
cium oxide  is  obtained  by  heating  to  redness 
any  salt  of  calcium  containing  a  volatile  acid, 
as  the  carbonate  and  nitrate.  Calcium  car- 
bonate, when  heated  in  a  closed  vessel,  may  be 
fused  without  decomposition,  but  when  raised 
to  a  red  heat  under  ordinary  pressure,  it  gives 
olf  its  carbon  dioxide,  and  becomes  converted 
into  lime  :  CaCO.,  =  CaO  +  CO,. 

To  obtain  pure  lime,  Iceland  spar  or  other 
forms  of  calcite,  or  the  finest  marble,  may  be 
employed,  the  ignition  being  performed  in  a 
crucible  with  perforated  base  so  as  to  permit  of 
the  entrance  of  furnace  gases,  which  carry  away 
the  carbon  dioxide  as  fast  as  it  is  formed ;  otherwise 
the  decomposition  is  incomplete,  the  carbonate 
undergoing  no  change  in  an  atmosphere  of  CO,. 

Lime  is  prepared  on  the  large  scale  by  burn- 
ing chalk  or  limestone  (impure  carbonate) 
in  egg-shaped  kilns.  The  limestone  is  brought 
to  the  mouths  of  the  kilns  in  waggons,  generally 
in  lumps  a  little  larger  than  paving  setts.  In 
the  older  kilns  an  arch  is  first  formed  over  the 
firegrate  at  the  bottom  with  a  number  of  the 
larger  lumps,  the  rest  of  the  kiln  being  tilled  up 
with  smaller  pieces  well  mixed  with  coal  or 
other  combustible  material ;  the  fire  is  then 
kindled  and  kept  up  for  about  two  days  and 
nights,  after  which  the  kiln  is  allowed  to  cool 
and  the  lime  subsequently  removed.  In  the 
more  modern  continuous  process,  the  limestone 
is  from  time  to  time  renewed  at  the  top  and  the 
burnt  lime  removed  at  the  base  ;  a  waggon  load 
of  limestone,  then  a  charge  of  coal,  being  sup- 
plied one  after  the  other  as  fast  as  the  burnt 
lime  is  extracted  by  the  furnace  men  below. 
The  kilns  are  generally  arranged  in  rows,  so 
that  a  train  of  waggons  may  be  employed  in 
continuously  removing  the  lime.  By  this  method 
of  working  a  great  saving  of  fuel  is  effected,  and 
the  smoke,  so  offensive  in  the  older  forms  of 
kilns,  is  greatly  reduced,  being  drawn  into  a 
central  chimney  and  for  the  most  pai't  consumed. 
About  one  bushel  of  coal  is  required  to  make 
five  or  six  bushels  of  lime,  but  dolomitic  (mag- 
nesian)  limestones  require  less.  If  much  argilla- 
ceous matter  is  present,  the  limestone  more 
readily  fuses,  and  in  such  cases  great  care  re-, 
quires  to  be  exercised  in  order  to  keep  the  tem- 
perature below  the  melting-point,  otherwise  the 
mass  vitrifies,  and  the  lime  resulting  is  said  to 
be  '  dead  burnt.'  The  kilns  in  which  such  lime- 
stones are  burnt  are  usually  provided  with 
dampers.  Such  lime,  if  not  heated  too  much, 
slakes  slowly,  and  is  termed  '  poor  lime,'  while 
pure  limes,  which  slake  readily,  are  called  '  fat ' 
or  '  rich  '  limes. 

Pure  calcium  oxide  forms  white  porous 
amorphous  masses  of  sp.gr.  2-.3  to  3'08,  highly 
infusible,  melting  only  in  the  highest  tempera- 
ture of  the  oxyhydrogen  blowpipe  flame  or  in  the 
electric  arc.  In  the  ordinary  oxyhydrogen  flame 
it  emits  an  intense  light,  which  is  much  used  for 
lantern  isrojection. 


Calcium  oxide  has  been  obtained  by  Briigel- 
mann  in  minute  cubic  crystals  of  sp.gr.  3-251 
by  heating  the  nitrate  in  a  porcelain  flask 
(P.  [2]  2,  400  ;  and  [2]  4,  277). 

A  crystalline  mass  found  upon  the  lining  of 
a  continuous  limekiln  at  Champigny  alter 
twenty-eight  months'  continuous  work  was  also 
shown  to  consist  of  small  cubical  crystals  of 
pure  lime,  of  sp.gr.  3'32  (Levallois  and  Meunier, 

C.  K.  90,  i,.5eo). 

Amorphous  lime  takes  up  water  with  re- 
markable avidity,  forming  calcium  hydroxide 
Ca(OH).„  the  combination  being  accompanied 
by  a  contraction  in  volume.  Wlien  a  small 
quantity  of  water  is  added  to  a  mass  of  burnt 
lime  it  speedily  becomes  sufficiently  hot  to  drive 
off  considerable  volumes  of  steam,  the  mass 
crumbling  at  the  same  time  to  powder,  and  be- 
coming what  is  known  as  '  slaked  lime.'  On  ex- 
posure to  air,  the  amorphous  variety  of  lime 
rapidly  absorbs  water  and  carbon  dioxide ; 
the  crystalline  variety,  however,  absorbs  these 
constituents  of  the  atmosphere  much  more 
slowly.  Dilute  cold  acids  are  almost  without 
action  upon  the  crystals,  but  on  warming  they 
are  readily  converted,  like  amorphous  lime,  into 
the  several  salts  with  evolution  of  heat. 

Calcium  hydroxide,  hydrate  of  lime,  Ca(OH),, 
is  obtained  by  slaking  fresh  well-burnt  quick- 
lime with  about  a  third  of  its  weight  of  water. 
It  forms  a  white  amorphous  powder  of  sp.gr. 
2-078,  sparingly  soluble  in  water,  and  less  so  in 
hot  than  in  cold  water,  as  seen  from  the  follow- 
ing table  : — 


Parts  of  water 

Parts  oi  water 

Tcmpcnv 

required  to 

Temj  era- 

requii-ed  to 

tuie 

dissolTP  one 

ture 

dissolve  one 

part  CaO 

part  CaO 

0° 

759 

55° 

1,104 

5° 

704 

00° 

1,136 

10° 

770 

65° 

1,208 

15° 

779 

70° 

1,235 

20° 

791 

75° 

1,313 

25° 

831 

80° 

1,302 

30° 

802 

85° 

1,388 

35° 

909 

90° 

1,579 

40° 

932 

95° 

1,650 

45° 

985 

99° 

1,050 

50° 

1,019 

(Maben,  Ph.  [3]  14,  505). 

The  solution  known  as  lime-water  has  an 
alkaline  reaction,  and  absorbs  the  carbon  dioxide 
of  the  atmosphere,  forming  a  pellicle  of  carbonate 
of  lime.  As  the  presence  of  calcium  carbonate 
interferes  with  the  solubility,  in  order  to  prepare 
lime-water  of  definite  strength  for  pharmaceu- 
tical purposes,  the  lime  used  must  be  fresh,  and 
should  have  been  kept  out  of  contact  with  air 
as  much  as  possible,  and  the  lime-water,  when 
prepared,  ought  to  be  stored  in  well-stoppered 
bottles.  In  preparing  lime-water  from  ordinary 
lime,  the  first  solutions  should  invariably  be  re- 
jected, as  they  will  contain  nearly  all  the  soluble 
salts  of  the  alkalis  and  the  baryta  and  strontia 
present  in  the  lime  as  impurities.  Milk  of  lime 
is  an  emulsion  of  calcium  hydrate  suspended  in 
less  water  thai^is  required  for  its  complete  solu- 
tion. 
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Ciilcium  liydroxulo  is  also  precipitated  by 
caustic  potash  or  soda  from  strong  solutions 
of  the  chloride ;  if  a  saturated  solution  of  cal- 
cium chloride  be  employed  the  whole  becomes 
Bohd. 

A  solution  evaporated  over  sulphuric  acid  in 
a  vacuum  deposits  hexagonal  prisms,  according 
to  Gay-Lussac.  Crystals,  however,  which  had 
separated  on  the  surface  of  samples  of  hydraulic 
cement  were  found  by  Glinka  (J.  E.  1885,  451) 
to  belong  to  the  rhombic  system  in  spite  of 
their  hexagonal  appearance.  A  deposit  of  gi'ey 
lamclhu,  consisting  of  calcium  hydroxide,  was 
found  by  Luedecke  (Z.  K.  11,  255)  in  a  Carre 
ice  machine. 

At  a  red  heat  calcium  hydroxide  is  decom- 
posed, water  being  driven  off  and  oxide  re- 
maining. 

Slaked  lime  is  greatly  used  in  the  preparation 
of  mortars  and  cements  (v.  Cemknts),  and  the 
oxide  is  of  frequent  use  in  the  laboratory  as  a 
drying-agent. 

Peroxide  of  calcium  Ca.0.,  was  first  prepared 
by  Thenard  by  the  action  of  excess  of  hydrogen 
peroxide  upon  lime-water,  when  microscoiJic 
quadratic  plates  of  the  composition  CaO.j.SHoO, 
sparingly  soluble  in  water  and  insoluble  in 
alcohol,  were  precipitated.  According  to  Conroy 
(C.  J.  1873, 810)  the  peroxide  is  most  conveniently 
prepared  by  adding  lime-water  in  considerable 
excess  to  an  aqueous  solution  of  sodium  per- 
oxide acidulated  with  nitric  acid.  It  is  also  ob- 
tained as  a  finely  divided  white  precipitate  on 
adding  a  neutral  or  alkaline  solution  of  sodium 
peroxide  to  a  solution  of  a  calcium  salt.  The 
crystals  arc  isomor^jhous  with  those  of  hydrated 
barium  peroxide.  On  exposure  to  air  they 
effloresce,  and  when  heated  to  130°  are  con- 
verted into  the  anhydrous  peroxide.  On  increas- 
ing the  heat  half  the  oxygen  is  driven  off,  leaving 
a  residue  of  pure  lime. 

Calcium  chloride  CaCl.,  is  found  in  the 
water  of  nearly  all  springs  and  rivers,  and  is 
consequently  a  constituent  of  the  saline  matter 
dissolved  in  sea-water.  This  salt  also  forms  the 
chief  saline  constituent  of  an  exudation  oc- 
curring on  the  face  of  the  old  red  sandstone 
rocks  at  Guy's  ClilT,  in  Warwickshire,  occurring 
to  the  extent  of  27-15  p.c.  (Spiller,  0.  J.  1876, 
1,  151).  Calcium  chloride  likewise  occurs,  to- 
gether with  magnesium  chloride  and  alkaline 
chlorides  in  the  tachi/dritc  and  carnallite  of  the 
Stassfurt  deposits,  tachi/dritc  containing  21  p.c. 
CaCl,  and  SO  p.c.  MgCl.,  while  camallita  con- 
tains ;j  p.c.  CaCl.,,  and  31  p.c.  MgCl.„ 

Calcium  chloride  is  obtained  by  passing 
chlorine  over  the  red-hot  oxide,  or  by  dissolving 
lime,  chalk,  or  marble  in  hydrochloric  acid  and 
evaporating.  It  it  is  necessary  to  obtain  the 
salt  pure,  chlorine  water  may  be  added  to  the 
solution  in  hydrochloric  acid  in  order  to  oxidise 
any  iron  present,  which  may  then  be  precipitated 
by  the  addition  of  milk  of  lime,  and  liltored  oil. 
Tlie  slightly  alkaline  filtrate  is  then  acidified 
with  liydrochloric  acid  and  evaporated  to  the 
crystallising  point. 

Calcium  chloride  is  obtained  in  large  quan- 
tities as  a  by-product  in  many  manufac- 
turing processes,  notably  in  the-  preparation  of 
potassium  chlorate  and  in  the  manufacture  of 


I  sodium  carbonate  by  the  ammonia-soda  process; 

it  maj'  be  obtained  in  the  pure  state  from  these 
i  crude  products  by  the  method  just  indicated. 
I  Many  attempts  have  been  made  to  utilise  this 
waste  calcium  chloride.  Eichardson  (Pat.  10,418) 
I  treats  the  purified  crude  solution  with  ammonium 
sulphate  in  the  proportion  required  to  convert 
i  all  the  chloride  into  sulphate ;  the  calcium  sul- 
'  phate  could  then  be  filtered  off,  and  ammonium 
chloride  recovered  by  crystallisation.  Webster 
(Pat.  12,344)  runs  the  calcium  chloride  liquor  into 
j  a  vat,  and  adds  as  much  slaked  lime  or  powdered 
I  chalk  or  marble  as  will  absorb  the  liquor  so 
as  to  foi-ua  on  stirring  a  paste  of  the  consistency 
of  mortar.    This  is  then  dried  in  a  furnace  at 
temperatures  gradually  approaching  250"F.,  and 
the  dried  mass  again  immci-sed  in  the  liquor, 
dried  again  and  immersed  a  third  time.  In 
three  operations  the  mass  absorbs  the  greatest 
possible  amount  of  calcium  chloride ;  the  re- 
sulting substance  is  next  melted  and  cast  into 
blocks  for  use  as  a  flux  in  metallurgical  opera- 
tions.   If  it  is  to  be  used  for  refining  iron  or  in 
a  puddling  furnace,  20  p.c.  peroxide  of  man- 
ganese is  added. 

Saturated  solutions  of  calcium  chloride  de- 
posit the  hydrated  salt  in  large  hexagonal  prisms 
with  pvraniidal  summits  of  the  composition 
CaClo.GH.O.  The  crystals  melt  at  21I°C.  in 
their  water  of  ci-ystallisation  and  deliquesce 
rapidly  in  tlje  air,  forming  a  viscous  fluid 
foi-merl}'  tei-mcd  olcitm  calcis.  Heated  below 
200°C.,  or  in  a  vacuum  over  sulphuric  acid,  the 
crystals  lose  4  molecules  of  water.  The  remain- 
ing 2  molecules  can  only  be  expelled  above  200  . 
According  to  Weber  (B.  15,  2,316),  the  salt  dried 
at  180-200^  is  practically  anhydrous,  containing 
only  0-2  p.c.  of  water.  Besides  the  two  hydrates 
above  described,  Lescoeur  (C.  U.  92,  1,158),  from 
determinations  of  maximum  tensions  of  solu- 
tions, shows  the  probable  existence  of  two  others 
CaCl,.4H,0  and  CaCLH.O.  The  tetrahydrate, 
however,  can  only  exist  below  12'J°. 

Anhydrous  calcium  chloride  is  a  white  porous 
mass,  which  fuses  at  a  red  heat  or  according  to 
Le  Chatelior  (Bl.  47,  .300)  lo5\  On  cooling  the 
salt  solidifies  to  a  translucent  mass  of  crystals 
of  sp.gr.  2-205.  A  slight  decomposition  into 
oxide  and  carbonate  occurs  when  the  fusion  is 
jierformed  in  air.  On  this  account  the  porous 
chloride  obtained  by  drying  the  crystals  at  200° 
is-  better  adapted  for  desiccating  purposes,  espe- 
cially  for  the  absorption  of  water  in  organic 
analysis.  If  the  fused  mass  is  exposed  to  the 
sun's  rays  it  becomes  phosphorescent  in  the  dark, 
and  was  formerly  called  Hoinbcrg's  2}Jiosphonis, 
after  the  discoverer  of  the  fact  in  1693. 

Anhydrous  calcium  chloride  is  highly  de- 
liquescent. 100  parts  of  the  powder  exposed  to 
an  atmosphere  saturated  with  aqueous  vaporr 
absorb  124  parts  of  water  in  ninety-six  days. 
According  to  Kromers  (P.  103,  57;  104,  133; 
J.  1858,  40),  the  following  quantities  of  water 
arc  rciiuired  to  dissolve  one  part  by  weight  of 
the  anhydrous  salt : 

At  10-2°     20°     40°  60° 
1-53     1-35    0-83  0-72. 

In  the  following  table,  drawn  up  by  the  same 
author,  are  shown  the  specific  gravities  of  solu- 
tions of  varying  strengths:  — 
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Quantities  in 
lUO  juirts  water 

G-97 
12-58 
23-33 
36-33 
50-67 
C'2-90 


Sp.<rr.  of  so'utinn?  at 
19-5°  (water  at  10-j'^  =  l) 

l-05i5 
l-0!}54 
1-1681 
1-2109 
1'32;!1 
1-3800 


According  to  Engel  (Bl.  47,31s),  100  parts  of 
water  at  0°  dissolve  60-3  i)arts  CaCl.,,  forming 
a  solution  of  sp.gr.  1-367. 

A  solution  of  50  parts  anhydrous  CaCl.,  in 
100  parts  water  boils  at  112  \  one  containing 
200  p.c.  boils  at  158°,  and  a  325  p.e.  solution 
boils  at  180°. 

According  to  Lefebvre  (C.  E.  70,  681)  a 
supersaturated  solution  of  calcium  chloride  is 
formed  by  dissolving  350-100  grams  of  the  crys- 
tallised salt  in  50  c.c.  warm  water  or  200  grams 
of  the  anhydrous  salt  in  250  c.c.  water ;  it  may  be 
shaken  after  cooling  without  crystallisation,  but 
solidities  on  contact  with  a  crystal  of  the  salt.  If 
cooled  to  5  8°  this  solution  begins  to  crystallise, 
the  temperature  rising  to  28-29°.  A  solution  con- 
taining 55  p.c.  CaCl,  deposits  at  about  15°  large 
plates  of  the  tetrahydrate  CaCl,,.4H.,0,  which  do 
not  induce  the  crystallisation  of  the" supernatant 
li(luor.  This  solution,  in  passing  from  liquid  to 
solid  state,  undergoes  at  70°  a  contraction  0-0832 
of  its  volume. 

The  crystallised  chloride  CaCl„.6n,0  also 
deliquesces  rapidly,  and  dissolves  'in  half  its 
weight  of  water  at  0°,  in  one-fourth  its  weight 
at  16°,  and  in  all  proportions  of  hot  water.  In 
dissolving  it  absorbs  heat,  while  the  anhydrous 
chloride  dissolves  with  evolution  of  heat.  A 
mixture  of  1-11  parts  crystallised  chloride  with 
1  part  of  snow  produces  a  colil  of  -54-9°,  more 
than  sullieient  to  freeze  mercury.  ! 

Both  the  anhydrous  and  hydratcd  chloride 
dissolve  readily  in  alcohol,  10  parts  at  80°C.  dis- 
solving 6  parts  anhydrous  CaCl, ;  on  evaporation 
in  a  vacuum  at  winter  temperature  rectangular 
plates  of  2CaCL.7C,H„0  are  deposited. 

Anliydrous  calcium  chloride  absorbs  am- 
monia gas,  foi-ming  the  compound-  CaCl„.8NH,, 
as  a  white  powder,  which,  on  exposure  to  air, 
soh,tion  in  water,  or  on  heating,  is  decomposed. 
Tluown  into  chlorine  gas  the  compound  takes 
fire. 

Calcium  oxychloride.  When  calcium  chlor- 
ide sf.lution  is  boiled  with  slaked  lime,  and  the 
liquid  filtered,  white  needle-shaped  crystals 
of  calcium  oxychloride  separate  out  on  cooling 
of  the  composition  ClCa.0.Ca(0H).7H.,0  or 
3CaO.CaCl,..15H,0  (Grimshaw,  C.  N.  30,"  280). 
The  salt  is  stable  out  of  contact  with  air, 
loses  part  of  its  water  of  crystallisation  over 
sulphuric  acid  or  caustic  lime,  and  absorbs 
carbon  dioxide  from  the  atmosi^here.  It  is 
decomposed  by  water  or  alcohol. 

According  to  Andre  (C.  B.  92,  1,452)  the 
composition  of  the  salt  is  CaCL.3Ca0.16H„0, 
and,  on  drying  in  a  vacuum  it  becomes  converted 
into  CaC1..3Ca0.3H,0. 

When  calcium  chloride  is  fused  at  a  bright- 
red  heat  in  a  current  of  moist  air,  it  is  gradually 
converted  to  an  oxychloride  of  the  composition 
CaCl,.CaO,  and  eventually  to  oxide  (Gorgeu, 
C.  R.  99,  256).  ^      o  ' 

Calcium  hypochlorite  ii.  ELEAeiiiNG  towder. 


Calcium  chlorate  Ca{C10,)„  is  produced  when 
chlorme  is  passed  into  hot  milk  of  lime,  but 
IS  difficult  to  separate  from  the  chloride  simul- 
taneously formed.  This  is  the  first  step  in  the 
manufacture  of  potassium  chlorate,  and  the  re- 
action is  supposed  to  be  as  follows  : 

6Ca(0H), -I-  601,  =  Ca(C10,).,  -f  5CaCI,  +  6H„0. 
According  to  'Lunge  (S.  C.  I.  188.5,  722)  the 
reaction  really  takes  place  in  several  stages, 
calcium  hypochlorite  and  hypochlorous  acid 
being  first  formed  and  mutually  reacting  with 
production  of  calcium  chlorate  : 

( 1 )  Ga( OCI), -I- 4C1  +  2X1^0  =  CaCL -f- 4nC:0. 

(2)  2Ca(OCl),+4IIC10  =  GaCU-HCa(CIO,):,-f4CI-f2irO. 
The  free  chlorine  serves  only  as  carrier  of 

the  oxygen  of  two  molecules  calcium  hypochlor- 
ite to  a  third  molecule  of  the  hyjiochlorite  which 
is  oxidised  to  chlorate.  Lunge's  experiments 
show  that  the  best  mode  of  converting  hypo- 
clilorite  into  chlorate  is  to  raise  the  temperature 
of  the  solution,  slight  excess  chlorine  being  at 
the  same  time  present.  The  heat  produced  by 
the  reaction  on  the  large  scale  is  sufficient. 

Pure  calcium  chlorate  is  prepared  by  prcci- 
pitathig  potassium  chlorate  with  calcium  silico- 
fluoride.  It  crystallises  in  deliquescent  rbom- 
boidal  plates,  very  soluble  in  water  and  alcohol ; 
the  crystals  contain  16-5  p.e.  water,  melt  when 
warmed,  and  decompose  on  further  heating. 

Calcium  perchlorate  Ca(ClU,)„  may  be  ob- 
tained by  saturating  perchloric  acid  with  caustic 
linie._  It  is  extremely  deliquescent  and  crystal- 
lises in  prisms  soluble  in  alcohol. 
I       Calcium  bromide  CaBr„  is  formed  by  burning 
calcium  in  bromine  vapour,  or  by  dissolving 
;  lime  or  calcium  carbonate  in  hydrobromic  acid 
and  evaporating.    The  silky  jioedles  thus  ob- 
I  tained  are  hydratcd,  but  may  be  converted  to 
the  anhydrous  salt  by  ignition.    Calcium  brom- 
ide much  resembles  the  chloride  in  properties, 
being  deliquescent,  and  very  soluble  in  alcohol. 

Calcium  iodide  Cal,  may  also  be  prepared 
by  combustion  of  calcium  in  iodine  vapour,  or 
by  solution  of  lime  or  the  carbonate  in  hydriodio 
acid,  evaporating  and  fusing  the  residue  in  a 
closed  vessel.  Heated  in  contact  with  air, 
it  fuses  below  a  red  heat,  and  is  decomposed 
with  liberation  of  iodine  vapours  and  formation 
of  lime.  The  following  methods  of  preparing  it 
are  recommended  by  Wagner  (C.  G.  18G3,  143  ; 
J.  1862,  132)  :— 

(1)  Addition  of  iodine  to  an  aqueous  pulp  of 
calcium  sulphite  and  hydrate.  (2)  Addition  of 
iodine,  to  saturation,  to  calcium  thiosulphate 
stirred  up  with  water,  w-hereby  a  mixture  of 
iodide  and  tetrathionate  is  formed,  which  may 
be  used  for  technical  purposes  instead  of  potas- 
sium iodide.  (3)  Addition  of  iodine,  finely  di- 
vided or  dissolved  in  potassium  iodide,  to  calcium 
nitrite  and  hydrate,  thus: 

Ca(  NO,),  +  2Ca(  OH      2I,= Ca(  3S"0  ,X4-  2CaT,  -I-  211,0. 

And  (4)  addition  of  finely  divided  iodine  to  a 
concentrated  mixture  of  arsenious  oxide  and 
milk  of  lime ;  insoluble  arsenate  and  soluble 
iodide  of  calcium  are  formed.  The  As-.O^  may 
be  replaced  by  Sh.Oj. 

Liebig  (A.  121,  222)  recommends  decompo- 
sition of  Cal,  by  K.SO.,  for  preparation  of  iodide 
of  potassium.  To  prepare  the  calcium  iodide, 
1  oz.  of  amorphous  phosphorus  is  drenched 


400 


CALCIUM. 


V  itli  30  07,.  hot  water,  and  finely  pulverised  iodine  ' 
grailually  added,  with  constant  stirring  as  long  as 
it  dissolves  without  colour  (quantity  thus  dis-  t 
solved  being  13'  oz.).    The  colourless  liquid  is  | 
then  decanted  from  the  slight  deposit,  and  made 
slightly  alkaline  with  milk  of  lime  {8  oz.  lime 
being  required);   the  solution  is  afterwards 
strained,  and  residue  of  phosphate,  phosphite, 
and  hydrate  of  calcium  washed.    The  solution 
then  contains  the  calcium  iodide  which  may,  if 
necessary,  be  obtained  by  evaporation  in  the 
form  of  hydrate  in  deliquescent  needles. 

A  double  iodide  of  calcium  and  silver  of  the 
composition  CaL.'iAgl.liH^O  has  been  prepared 
by  Simpson  (Pr.  27,  120)  by  saturating  a  hot 
concentrated  solution  of  Calo  with  moist  silver 
iodide.  It  crystallises  on  cooling  in  long  white 
needles,  decomposed  by  water. 

Calcium  icdate  Ca.(l0.j).,  is  obtained  by  crys- 
tallising mixed  solutions  of  potassium  iodate 
and  calcium  chloride.  The  hydratcd  salt  forms 
four-sided  prisms  which  effloresce  in  the  air,  and 
become  anliydrous  when  heated  to  200^.  From 
a  solution  acidulated  with  nitric  acid  it  separates 
in  trimetric  crystals.  The  crystals  are  soluble 
in  4.54  parts  water  at  18°,  and  in  102  parts  of 
boiling  water,  but  are  insoluble  in  alcohol.  The 
anhydrous  salt,  gently  heated  in  a  porcelain 
retort,  evolves  14-78  p.c.  of  oxygen,  and  54-07  of 
iodine,  leaving  31-14  p.c.  of  a  residue  rich  in 
pentabasie  jjeriodate  of  calcium.  Heated  more 
strongly  it  evolves  more  oxygen  and  iodine,  and 
leaves  20-35  p.c.  of  a  mixture  of  pentabasie  per- 
iodate  and  free  lime.  Calcium  iodate  detonates 
violently  when  heated  on  charcoal. 

Sonstadt  proposes  (Pat.  6,304,  1884)  to  use 
calcium  iodate  as  an  antiseptic. 

Periodates  of  calcium.  When  the  sodium 
salt  NaH,IO,|  is  decomposed  by  calcium  ni- 
trate a  crystalline  white  precipitate  of  dicalcium  i 
periodate  CaHJO^  or  2Ca0.3II,O.I,,0.  is  ob-  ' 
tained.  When  this  salt  is  he-ited,  water,  oxygen, 
and  iodine  are  given  off  and  pcntacalcium  perio- 
date Ca,I./),._,  remains  (Langlois). 

Calcium  fluoride  CaF._,  is  found  in  nature  as  j 
fluor-spar,  both  in  massive  and  crystallised 
forms ;  the  crystals  generally  consist  of  octa-  ' 
hedra,  cubes,  or  other  forms  of  the  cubic  system.  | 
Fluor-spar  occurs  genei-ally  in  veins,  especially 
in  the  celebrated  Castlcton  district  of  Derbyshire,  ' 
where  it  is  known  by  the  name  of  'Blue  John.' 
Pure  crystals  are  colourless,  but  many  varieties 
arc  coloured  blue,  violet,  red,  or  yellow.    It  is 
also  a  constituent  in  small  quantities  of  many 
plant  ashes,  of  bones,  and  of  the  enamel  of  teeth. 
When  precipitated  calcium  lluoride,  obtained 
by  precipitating  any  soluble  calcium  salt  with 
lluoride  of  sodium  or  potassium,  is  heated  with 
water  slightly  acidified  with  hydrochloric  acid, 
the  precipitate  is  found  to  consist  of  microscopic 
octahedrons. 

Calcium  fluoride  is  soluble  in  about  2,000  parts 
of  water  at  lo^C,  and  is  slightly  more  soluble  in 
water  containing  carbon  dioxide.  It  dissolves  in 
hydrofluoric  acid  and  in  strong  liydrochloric  acid 
and  is  precipitated  in  the  gelatinous  form  by 
ammonia.  It  is  fusible  at  a  high  temperature, 
and  is  much  used  as  a  flux  in  many  metallurgi- 
cal operations,  especially  in  the  reduction  of 
copper  ores  and  the  preparation  of  aluminium. 
It  is  decomposed  at  a  higli  temperature  by  ] 


water  vapour  into  lime  and  hydrofluoric  acid. 
Fusion  witli  alkaline  carbonates  or  hydrates 
yields  carbonate  or  oxide  of  calcium  and  alkaline 
fluorides.  Strong  sulphuric  acid,  on  gently 
warming,  decomposes  it,  forming  calcium  sul- 
phate and  liberating  hydrofluoric  acid.  At  a 
red  heat  it  is  also  decomposed  by  chlorine. 
After  being  heated  fluor-.^par  phosphoresces  in 
the  dark.  There  is  a  considerable  industry  car- 
ried on  in  fluor-spar  districts  in  the  carving  of 
ornamental  vases  and  other  articles,  the  bril- 
liantly coloured  varieties  being  especially  in 
demand. 

Calcium  carbonate  CaCOj  occurs  naturally 
in  the  forms  of  limestone,  chalk,  marble,  and 
calcite ;  it  also  constitutes  the  principal  ingre- 
dient in  egg-shells,  mollusc  shells,  and  coral. 
It  is  formed  when  the  oxide  or  hydrate  is  ex- 
posed to  moist  air  containing  carbon  dioxide, 
but  is  not  produced  by  the  action  of  dry  carbon 
dioxide  on  dry  lime.  It  may  be  obtained  in 
the  pure  state  by  dissolving  chalk  or  marble  or 
calcined  oyster  shells  in  hj-drochloric  acid,  pre- 
cipitating the  alumina,  oxide  of  iron,  and  earthy 
phosphates  by  ammonia  or  milk  of  lime,  filtering, 
then  jsrecipitating  the  calcium  by  ammonium  car- 
bonate, washing  and  drying. 

Calcium  carbonate  is  dimoiijhous,  crystal- 
lising in  the  hexagonal  system  as  calcspar  and  in 
the  rhombic  system  as  arragonite.  Calcspar  or 
calcite  crystallises  in  hemihedral  foi-ms  of  the 
hexagonal  system  chietly  in  rhombohedra  or 
prisms  tci-miuated  by  rhombohedral  faces.  The 
primary  form  is  a  rhombohedron  having  angles 
of  104°  5'  and  74'  5'.  Its  sp.gr.  is  2-7  to  2-75. 
When  a  calcium  salt  is  precipitated  by  au 
alkaline  carbonate,  the  precipitate  at  first  is 
tlocculent,  but  soon  takes  the  crystalline  form  of 
calcite.  That  formed  by  passing  a  small  quantity 
of  carbon  dioxide  through  lime-water  soon  takes 
the  crystalline  form  of  calcspar,  but  if  the  solu- 
tion be  hot  the  crystals  resemble  those  of 
arragonite.  Calcite  crystals  arc  deposited  from 
a  solution  of  calcium  carbonate  in  carbonic  acid 
when  evaporated  at  the  ordinary  temperature, 
but  the  crystals  take  the  form  of  arragonite  if 
the  solution  is  heated  to  '.(0^.  The  microscopic 
crystals  of  arragonite  gradually  change  into 
rhombohedra  of  calcite,  which  is  therefore  the 
permanent  form.  Arragonite  crystallises  in 
rhombic  prisms  of  sp.gr.  2-92-3-28. 

A  litre  of  water  dissolves  about  18  milligrams 
of  calcium  carbonate.  The  solution  has  a  slight 
alkaline  reaction.  Water  containing  carbonic 
acid  dissolves  it  much  more  readily,  forming  the 
acid  carbonate  CaH._,(COJ.„  which  is  known  only 
in  solution.  Solubility  at  higher  pressures  in 
water  containing  carbonic  acid  follows  the  law 
of  Schloesing  pretty  closely  (Engel,  C.  E. 
101,  949).  The  solubility  increases  under  an 
increase  of  pressure  only  up  to  3  grams  per  litre 
according  to  Caro.  One  litre  of  water  saturated 
with  carbon  dioxide  dissolves  0-7  gram  of  the 
carbonate  at  O^,  but  0  88  gram  at  10°.  This 
acid  carbonate  plays  a  most  important  part  in 
nature,  for  whenever  water  containing  carbonic 
acid  comes  in  contact  with  carbonate  or  silicates 
of  calcium,  the  calcium  is  gradually  converted 
into  this  soluble  form  and  is  therefore  found  in 
almost  all  natural  waters.  Hence  also  the  de- 
posits in  kettles  and  boilers ;  the  formation  of 
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■which  may  be  prevenied  by  the  addition  of  am- 
monium chloride  to  the  water. 

Calcium  carbonate,  when  heated  to  full  red- 
ness in  open  vessels,  is  decomposed  into  lime 
and  carbon  dioxide.  The  decomjjosition  com- 
mences at  a  low  red  heat,  and  in  a  current 
of  air,  or  better  steam,  the  temperature  of  dis- 
sociation is  lower  still.  The  tension  of  dis- 
sociation becomes  equal  to  the  pressure  of  the 
atmosphere,  according  to  Le  Chatelier  (C.  E. 
102,  1,243)  at  about  812°.  If  heated  rapidly, 
the  stationary  temperature  of  dissociation  is 
925".  At  647°  the  tension  of  dissociation  is 
27  mm. ;  at  G10°,  46  mm. ;  at  625°,  56  mm. ;  at 
740',  245  mm.;  at  810°,  678mm.,  and  at  865°, 
1,333  mm.  If  the  carbonate  be  ignited  in  a 
closed  vessel  it  fuses,  resolidifying  to  a  mass  of 
marble-like  calcite.  According  to  Becker  (J. 
M.  1886,  1,  Eef.  403)  any  form  of  CaCO^,  even 
at  a  low  piressure,  is  changed  on  heating  in  a 
closed  space  with  exclusion  of  air  into  the 
rhombohedral  form  without  fusion.  If  small 
quantities  of  the  precipitated  carbonate  are 
thrown  into  a  fused  mixture  of  sodium  and 
potassium  chlorides  in  equivalent  proportions, 
no  carbon  dioxide  is  evolved,  but  the  carbonate 
becomes  crystalline  calcite,  usually  in  aggrega- 
tions of  crystals  like  snow  crystals  (Bourgeois, 
Bl.  [2],  37,  447). 

Pentahydrated  calcium  carbonate 
CaCO^.SH.O. 
The  evaporation  of  natural  solutions  of  the 
acid  carbonate  generally  results  in  the  deposition 
of  the  ordinary  carbonate,  forming  the  stalac- 
tites and  stalagmites  of  caverns,  calcareous  tufas, 
and  other  forms  of  deposit ;  but  sometimes 
the  solution  yields  six-sided  rhombic  prisms  of 
the  composition  CaC0a.5H.p.  These  crystals  are 
often  found  in  pumps  and  pipes  leading  from 
wells,  also  adhering  to  the  confervfe  in  ponds. 
They  keep  unaltered  under  water  at  20°,  but  at 
slightly  higher  temperatures  lose  their  trans- 
parency and  water  of  crystallisation.  In  air  they 
crumble  to  powder  through  loss  of  water  (Pfeiffer, 
Ar.  Ph.  [2]  15,  212).  This  salt,  according  to 
Pelouze  (A.  Ch.  [2]  48,  301)  is  obtained  in  small 
acute  rhombohedra,  sp.gr.  1-783,  by  boiling  lime 
in  a  concentrated  solution  of  sugar,  starch,  or 
gum,  and  leaving  the  solution  for  some  months 
in  a  cold  place.  Becquerel,  by  exposing  a  solu- 
tion of  lime  in  sugar  water  to  a  voltaic  battery 
of  twelve  cells,  obtained  crystals  of  the  same 
composition,  but  in  form  of  rhombic  prisms. 

Basic  carbonates  of  lime.  Calcium  oxide 
commences  to  absorb  carbon  dioxide  at  a  tem- 
perature of  415°,  forming  a  basic  carbonate  of  the 
composition  2CaO.CO.  (Birnbaum  and  Mahu, 
B.  12,  1,547). 

Eaoult  (C.  E.  92,  1,457)  shows  that  when 
freshly  burnt  lime  is  heated  in  a  current  of 
carbon  dioxide  it  glows  strongly,  forming 
2CaO.CO,  which  does  not  disintegrate  in  moist 
air  and  does  not  take  up  water  from  steam  at 
200°.  When  finely  powdered  and  treated  with 
a  little  water  it  hardens  like  hydraulic  cement. 
The  hydrated  i^roduct  has  the  composition 
CaC03.Ca(0H).^.  On  heating  to  dull  redness  it 
loses  water  and  is  converted  into  a  mixture  of 
CaCO.j  and  CaO. 

when  burnt  lime  is  heated  in  contact  with 
carbon  dioxide  for  several  days  the  basic  salt 
Vol.  l.-T 


2GaC03.CaO  is  obtained,  which  still  absorbs  CO, 
forming  a  third  salt  3CaC03.CaO.  The  carbon 
dioxide  continues  to  be  absorbed,  however, 
and  appears  eventually  to  form  the  normal  car- 
bonate. 

Calcium  nitrite  Ca(NO.)„.H.O  is  prepared  by 
decomposing  a  boiling  solution  "of  silver  nitrite 
with  lime-water,  treating  the  filtrate  with  sul- 
phuretted hydrogen  and  carbonic  acid  to  remove 
excess  of  silver  and  calcium,  and  evaporating  at 
a  gentle  heat.  It  crystallises  in  dehquescent 
prisms  insoluble  in  alcohol. 

Calcinm  nitrate  Ca(N03).,.4H^O  occurs  as  a 
silky  efflorescence  in  limestone  caverns,  especially 
those  of  Kentucky,  also  on  the  walls  of  places 
where  there  is  much  organic  refuse.  It  is  found 
in  many  well  waters,  being  derived  from  the  soil. 
It  is  extremely  deliquescent  and  soluble,  and 
causes  rapid  disintegration  of  mortar,  and  hence 
is  called  'saltpetre  rot.'  It  may  be  prepared  by 
dissolving  the  carbonate  in  nitric  acid,  the 
solution  depositing  on  slow  evaporation  mono- 
clinic  six-sided  prisms  terminated  by  acute 
pyramids  of  the  above  composition.  On  evapo- 
rating the  solution  to  dryness  the  anhydrous  salt 
of  sp.gr.  2-472  is  obtained,  possessing  a  warm 
bitter  taste  and  readily  soluble  in  water  and 
alcohol.  On  heating  more  strongly  it  becomes 
phosphorescent,  as  noticed  by  Baldwin  in  1674, 
and  hence  is  termed  Baldwin'' s  p^iospliorus.  At 
a  higher  temperature  oxygen  and  nitric  peroxide 
are  evolved,  and  with  combustible  bodies  detona-; 
tion  occurs.  It  is  extensively  prepared  on  the 
Continent  for  the  manufacture  of  nitre  by  mixing, 
vegetable  and  animal  refuse  with  chalk,  marl, 
cinders,  &c.,  moistening  from  time  to  time  with' 
liquid  stable  manure,  and  exposing  to  the  air  for 
two  or  three  years,  when  the  mass  is  lixiviated- 
and  the  crude  nitrate  of  calcium  decomposed  by 
carbonate,  sulphate,  or  chloride  of  potassium. 

Calcium  phosphide.  When  metallic  calcium 
is  heated  with  phosphorus  under  petroleum 
combination  occurs.  Calcium  p)hosphide  mixed 
with  pyrophosphate  is  also  obtained  when  va- 
pour of  phosphorus  is  passed  over  red-hot  lime : 
14Ca0  4-14P  =  5Ca,P.,-(-2Ca,P,0,.  A  few  pieces 
of  phosphorus  are  placed  at  the  closed  end  of  Br 
combustion  tube,  and  the  tube  is  filled  with 
small  pieces  of  quick-lime,  and  the  lime  is. 
heated  to  redness  and  the  heat  gradually  ex- 
tended to  the  phosphorus.  The  phosphide  may. 
be  prepared  on  a  larger  scale  by  filling  a  crucible 
with  a  hole  in  its  base  with  pellets  of  lime,  and. 
placing  it  upon  the  grate  of  a  furnace.  A  flasb 
containing  phosphorus  is  placed  below  the 
grating  with  its  neck  passing  into  the  hole  of 
the  crucible.  When  the  lime  has  been  heated 
to  redness  the  phosphorus  is  gradually  heated  so' 
that  its  vapour  passes  through  the  lime.  The 
brown  mass  is  stated  by  Gmelin  (Handb.  3,  188^ 
to  be  a  mixture  of  monocalcium  phosxahide  and 
tricalcium  phosphate : 

8Ca0  -f  P,,,  =  5CaP,  -f  Ca^CPO.,),. 
It  may  be  that  both  this  and  the  former  reaction 
are  correct  and  that  both  mono-  and  di-phos- 
phides  are  formed. 

When  thrown  into  water  the  i^roduct  is  in- 
stantly decomposed  with  evolution  of  spon- 
taneously inflammable  phosphoretted  hydrogen' 
3CaP.,  +  6H,0  =  2PH3  +  3Ca(0H), 4  P, ; 
or  3Ca  ,P.,  +  6H,0  =  4PH3  -t  6Ca0'  +  P  .. 
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Possibly  some  of  the  diphosphide  may  also 
be  decomposed  as  follows  : 

Ca.P,  +  2H,0  =  P.H,  +  2CaO. 
In  this  way  the  spontaneous  inflammability  of 
the  phosphoietted  hydrogen  would  be  accounted 
for. 

Owing  to  this  property  calcium  phosphide  is 
utilised  for  the  production  of  signal  fires  at  sea. 
The  manufacture  is  carried  on  in  an  arrange- 
ment similar  to  the  above,  the  crucibles  being 
larger  and  divided  by  a  false  perforated  bottom 
into  two  compartments,  in  the  upper  of  which 
the  pieces  of  lime  are  raised  to  a  red  heat,  the 
phosphorus  placed  in  the  lower  compartment 
being  afterwards  volatilised  by  the  heat  radiated 
from  above.  In  about  six  hours  a  charge 
yielding  20  lbs.  of  product  is  finished.  The 
brown  stony  mass  is  immediately  worked  up  into 
the  '  lights.'  These  consist  of  cylindrical  tinned- 
iron  boxes,  the  lower  half  of  which  is  tilled  with 
about  16  oz.  of  the  fragments  of  phosijliide. 
Two  small  circular  portions  of  the  upper  and 
under  surfaces  of  metal  are  formed  of  soft  lead, 
so  that  they  may  be  pierced  by  a  knife  just  be- 
fore being  thrown  overboard.  The  tins  are  sup- 
ported by  a  wooden  float  when  in  use.  The 
water  enters  below  and  the  gas  issues  from  the 
upper  outlet,  burning  with  a  flume  9  to  18 
inches  high  lasting  about  half  an  hour.  Larger 
but  similar  'lights  '  are  prepared  to  be  placed  in 
a  bucket  of  water  on  deck.  In  the  British  navy 
torpedo  practice,  a  peculiar  form  of  the  phos- 
phide is  also  used. 

Calcium  phosphite  CaHP03.H.,0  separates 
as  a  crystalline  crust  from  a  solution  of  the 
ammonium  salt  mixed  with  calcium  chloride. 
It  is  sparingly  soluble  in  cold  water,  and  the 
solution  decomposes  when  heated,  depositing 
a  basic  salt,  an  acid  salt  remaining  dissolved. 
It  gives  off  its  water  at  100°.  According  to  Eother 
(Ph.  [3],  10,  286),  when  solutions  of  calcium 
hypophosphite  and  sodium  sulphite  are  mixed, 
calcium  sulphite  is  precipitated  ;  if  this  is 
re-dissolved  in  enough  liydrocliloric  acid  to  free 
all  the  hypophosphorous  and  sulphurous  acids 
and  the  sulpliur  filtered  off,  on  addition  of  am- 
monia a  crystalline  precipitate  of  calcium  phos- 
phite separates.  It  is  a  white  crystalline  powder, 
which,  on  heating,  evolves  spontaneously  infiani- 
niable  phosphoretted  hydrogen,  accompanied  by 
slight  detonations.  At  a  certain  temperature  it 
becomes  incandescent,  and  leaves  a  residue  of 
calcium  phosphate. 

An  acid  phosphite  CaH|(P03).„H.jO  is  ob- 
tained as  a  cryttiUine  crust  by  acting  upon 
marble  with  aqueous  phosphorous  acid  as  long 
as  carbon  dioxide  escapes.  The  crust  consists 
of  needle-shaped  crystals  soluble  in  water,  and 
losing  their  water  at  100 '. 

Calcium  hypophosphite  Ca(PO„H.)o  or 
CaH,(PO._,)._,  is  used  medicinally,  and  is  prepared 
by  boiling  phosphorus  with  milk  of  lime 

3Ca(0H),  +  2P^  +  6H,0  =  2PH,  -f  3CaH,(P0,,),. 
On  evaporation  the  hypophosphite  is  obtained 
in  monoclinic  flexible  prisms  insoluble  in  alcohol. 
AViien  heated  it  evolves  phosphoretted  hydrogen 
and  water,  leaving  calcium  pvrophosphate. 

Calcium  orthophosphate "  Ca,(POj)a  occurs 
pure  in  the  mineral  ostcoUle,  and  as 
Ca,(POJ,.2HjO 


'  in  ortiilhite.  Together  with  calcium  fluoride  or 
chloride,  it  occurs  largely  in  apatite 

3Ca,(P0,)o  +  CaF.j 
and  in  the  massive  varieties  jthosphorite  and 

I  cstramadurite  found  in  Estramadura,  in  Spain, 
where  it  forms  vein-like  layers  in  the  granite  of 

I  the  pala;ozoic  slates  and  Devonian  limestones. 

I  In  certain  apatites  the  CaF.^  is  more  or  less 

I  replaced  by  CaCL. 

Calcium  phosphate  also  forms  a  principal 
constituent  of  the  coprolites  frequently  found 
in  the  stratified  rocks.  It  is  the  chief  inorganic 
material  of  bones,  forming  about  80  p.c.  of  burnt 
bones. 

It  is  obtained  in  the  amorphous  slate  by  pre- 
!  cipitating  an  ammoniacal  solution  of  calcium 
chloride  with  excess  of  hydrogen  disodium  phos- 
phate. The  precipitate  is  gelatinous,  but  dries 
up  to  a  white  earthy  powder,  nearly  insoluble  in 
water,  but  is  decomposed  by  long  boiling  into  an 
insoluble  basic  salt  of  the  composition 

Ca3(P0,),.Ca.(P0,)0H 
and  a  soluble  acid  salt.  This  reaction  also 
occurs  slowly  in  the  cold.  Calcium  phosphate 
is  also  soluble  in  water  containing  carbonic  acid, 
ammonium  salts,  nitrate  of  soda,  sodmm  chloride 
and  other  salts.  Its  absorption  by  the  roots  of 
plants  is  therefore  promoted  by  the  agency  of 
saline  solutions. 

Calcium  orthophosphate  may  be  obtained  in 
the  crystalline  form  by  heating  dicalciunt  pyro- 
phosphate with  water,  whereby  it  is  resolved  into 
phosphoric  acid  and  tricalcium  phosphate  which 
separates  in  rectangular  plates  3Ca,,P..0,  +  3II..0 
=  2Ca,(P0,),+  2H,,P0.. 

Tricalcium  phosphate  is  not  decomposed  by 
ignition. 

Sicalciam  orthophosphate 

Ca,H,(P0J,.5H,0. 
An  aqueous  solution  ot  phosphoric  acid  acts  on 
precipitated  chalk  forming  small  needle-shaped 
crystals  of  dicalcium  phosphate,  aiul  the  finely 
divided  chalk  deposited  from  marls  in  the  beds 
of  streams  is  particularly  suitable  for  its  pre- 
paration by  this  method  (Ritthausen,  L.  V. 
20,  101).  Dried  at  100"  the  salt  contains  f)H,0 
which  it  does  not  lose  below  115°.  It  is  soluble 
in  ammonium  citrate.  Boiled  with  water  it  is 
partially  decomposed  into  tricalcium  phosphate. 

On  mixing  boiling  solutions  of  sodium  phos- 
phate, calcium  chloride  and  acetic  acid 

Ca,H,(P0,),.H,,0 
is  formed;  if  the  solutions  are  mixed  in  the  cold 
CaH.(P0J.,.5H.,0  is  formed  (Millot,  Bl.  L'-^J  33, 
I'J-i).' 

When  a  solution  ot  calcium  chloride  is  mixed 
with  one  of  ordinary  sodium  ijhosphate  a  white 
crystalline  precipitate  of  Ca;H.(P0,).,.-lH.,0  is 
thrown  down.  It  is  this  salt  which  is  occasion- 
ally deposited  from  wine  in  stellar  aggregates. 
According  to  Becquercl  and  Berzelius  a  trihy drate 
may  also  be  obtained.  These  different  results  as 
regards  water  of  crystallisation  are  probably 
owing  to  the  fact  that  the  precipitates  vary  in 
amount  of  water  and  solubility  in  acids  according 
to  the  conditions  of  their  precipitation. 

A  manufacturing  process  is  described  by  De 
Bouquet  (B.  C.  1881,  411)  in  which  a  solu- 
tion of  calcium  sul^jhydrate  is  run  in  fine  jets 


CALCIUM. 


403 


into  a  liydi'ocliloric  acid  solution  of  a  phos- 
phate ;  sulphuretted  hydrogen  escapes  and  ths 
diphosphate  is  precipitated.  If  ths  acid  3oIution 
be  treated  with  the  sulphydrate  to  alkalins  re- 
action, the  tricalcium  phosphate  is  formsd. 

Monocalcium  phosphate  CaH,(PO,),  is  ob- 
tained in  rhombic  tables  by  dissolving  eithsr  of 
the  former  phosphates  in  phosphoris  aci  J  and 
allowing  the  solution  to  spontaneously  evaporate. 
It  has  a  strong  acid  reaction,  and  delitjuesces 
in  air,  dissolving  readily  in  water.  A  small 
quantity  of  water  decomposes  it,  forming  in- 
soluble dicalcium  phosphate  and  free  iihosphoric 
acid.  If  cold,  the  hydrate  Ca,H,,(P0,),.4H,0  is 
formed ;  if  hot,  the  same  salt,  free  from  water, 
is  jn-ecipitated. 

Monocalcium  phosphate  fuses  on  lieating, 
giving  up  its  water,  and  when  heated  to  200°  it 
parts  with  the  elements  of  water,  leaving  a  mix- 
ture of  calcium  pyrophosphate  and  metaphos- 
phoric  acid  : 

2CaH,{rOj),  =  Ca,P,0,  4  mVO,  +  3H,0. 
When  the  mixture  is  heated  to  a  still  higher 
temperature,  pure  calcium  metaphosphate  re- 
mains. 

Superphosphate  of  lime  is  a  mixture  of  mono- 
calcium phcisi)hate  and  calcium  sulphate  which 
is  manufactured  as  a  manure.  It  is  prepared 
by  acting  on  bone-ash,  coprolites,  phosphorites, 
or  other  mineral  phosphates  with  two-thirds 
their  weight  of  sulphuric  acid  : 

Caj(PO,,),-f  2H,S0j  =  CaH,(PO,),-f  2Ca30^. 
Besides  its  use  as  a  manure  for  root-crops,  it  is 
used  in  the  manufacture  of  phosphorus. 

Calcium  pyrophosphate  Ca,P„0,  is  prepared 
by  action  of  aqueous  pyrophosphoric  acid  upon 
lime-water,  or  sodium  pyrophosphate  upon  cal- 
cium chloride.  If  the  precipitate  thus  obtained 
is  dissolved  in  sulphurous  acid  and  the  solution 
heated,  the  salt  seisarates  as  a  crystalline  crust. 
The  crystals  contain  four  molecules  of  water. 

Calcium  metaphosphates.  The  monosalt 
Ca(PU3)o  is  obtained  by  dissolving  calcium  car- 
bonate in  orthoi^hosphoric  acid,  evaporating  and 
heating  the  residue  to  316°.  It  is  an  insoluble 
wliite  j)owder. 

The  di-metaphosphate  Ca.^{'PO.J)^A'^iX>  is  ob- 
tained pure  in  the  crystalline  form  by  precipi- 
tating the  corresponding  alkali  salt  with  excess 
of  calcium  chloride.  It  is  insoluble  in  water, 
but  is  decomposed  by  strong  sulphuric  acid. 
A  double  dimetaphosphate  of  calcium  and  am- 
monium Ca(NH|)._,(P03), -i- 2H._,0  is  obtained  in 
spicular  crystals  by  mixing  a  solution  of  calcium 
chloride  with  excess  of  the  ammonium  salt.  It 
is  insoluble  in  water. 

Phosphato-chlorides  of  calcium  are  obtained 
by  evaporating  solutions  of  tricalcium  phosphate 
in  hydrochloric  acid.  A  saturated  solution,  on 
spontaneous  evaporation,  deposits  rhomboidal 
plates  of  7CaH,(POJ,.CaCl,.14H,0.  If  the 
solution  is  evaporated  over  the  water-bath,  di- 
calcium phosphate  .is  first  deposited,  then,  on 
further  evaporation,  the  above  phosphatic  chlor- 
ide comes  down,  and  afterwards  white  scales  of 
CaH,(PO,),,.CaCl,.H,0.  When  a  solution  of 
dicalcium  orthophosphate  in  hydrochloric  acid 
is  saturated  at  ordinary  temperatm'es  with  tri- 
calcium phosphate,  then  mixed  with  half  the 
quantity  of  hydrochloric  acid  already  contained 


in  it,  and  evaporated,  on  cooling  below  0°  crystals 
separate  out  of  the  composition 

4CaI-I,(PO,),.CaCL.8H,0 
(Erlenmeyer,  .J.  1857,  140). 

Calcium  silico-phosphate,  According  to 
Carnot  and  Richard  (C.  K.  (.)7,  31G),  the  brownish- 
black  slag  formed  in  working  the  Thomas-Gil- 
shrist  process  at  Joeuf  (Meurthe-et-Mosclle)  is 
covered  with  black  crystals,  some  slender 
needles,  others  right  rhombic  prisms  with  bril- 
liant faces,  frequently  aggregated  in  columnar 
masses  terminating  in  vitreous,  translucent,  blue 
crystals.  Similar  blue  crystals  are  found  in  the 
cavities,  possessing  the  constant  composition 
8P,05.8SiO,.Al,03.Fe0.3GCaO,  essentially  a  cal- 
cium silico-phosphate  Ca^lPOJ.j -I- Ca.SiO,. 

Calcium  arsenates.  Dicalcium  arsenate 
occurs  native  as  haidingcriie  Ca_,H._,(  A.sO,).,.H_,0, 
and  p^iarmacolite  Ca.jH^(AsO.,)  ^5H./0,  and'  may 
be  prepared  by  adding  a  solution  of  disodium 
arsenate  to  excess  of  calcium  chloride.  The 
tetrahydric  arsenate  obtained  by  addition  of 
lime-water  to  arsenic  acid  is  soluble,  while  the 
tricalcium  arsenate  is  insoluble  in  water,  and 
may  be  prepared  by  i^recipitating  calcium  chlor- 
ide with  trisodium  arsenate.  On  evaporating 
a  hydrochloric  acid  solution  of  calcium  ammo- 
nium arsenate  with  platinum  chloride,  the  mass 
left  on  ignition  of  the  platinochloride  is  found 
to  contain  fine  white  pi'isms  of  the  tricalcium 
orthoarsenate  Ca3(A.sC|)o  insoluble  in  acids. 
The  meta-arsenate  Ca(As03)2  is  formed  as  an 
insoluble  crystalline  powder  when  mixtures  of 
arsenious  anhydride  and  calcium  carbonate  are 
ignited. 

Calcium  ammonium  arsenate 

CaNH,AsO,.7H,0 
is  iiroduced  by  mixing  a  hot  solution  of  arsenic 
acid  in  excess  of  ammonia  with  calcium  nitrate 
or  chloride,  when  it  crystallises  on  cooling  in 
tables  arranged  like  steps.  In  a  vacuum  over 
sulphuric  acid  they  become 

Ca,(NH,)H,(A,sO,)3.3H,0, 
and  when  dried  at  100'  have  the  composition 

Ca,(NHJH,(AsO,)„.3H,,0. 
On  ignition  they  are  converted  into  calcium  pyro- 
arsenate  Ca.As.,0,  (Bloxam,  C.  N.  54.  108). 

Another 'salt,  Ca(NHJ,H,(AsO,),,  is  obtained 
by  adding  excess  of  ammonia  to  a  solution  of 
dicalcium  arsenate  in  nitric  acid,  as  a  flocculent 
precipitate,  soon  becoming  a  mass  of  needles. 
The  same  salt  is  obtained  in  crystals  belonging 
to  the  regular  system  when  the  solution  of  the 
dicalcium  salt  is  only  partially  precipitated  and 
allowed  to  stand  ;  hence  it  appears  to  be  di- 
morphous (Baumann). 

Calcium  silicates.  Calcium  oxide  is  an 
important  base  in  a  large  number  of  natural 
silicates,  and  is  the  principal  basic  constituent 
of  the  following  minerals :  Wollastonite  CaSi03 
or  tabular  spar,  occurring  in  monoclinic  crystals  ; 
okenite  CaH.,(SiO.|).,.H„0 ;  xonaltite 

4CaSi03.H,0  ; 
gurolitc    Ca,H.,(Si03).,.H.,0  ;    and  apophijUitc, 
4CaH,(Si03):.IvF.4H,6. 

Gorgeu  (C.  R.  99,  256)  obtained  artificial 
wollastonite  by  fusing  1  gram  of  silica  with 
15  grams  calcium  chloride  and  3  grams  common 
salt  at  a  cherry-red  heat  in  a  current  of  moist 
air  for  half  an  hour.  On  treating  the  product 
with  cold  water  and  acetic  acid,  a  residue  of 
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long  prisms  ot  wollastonite  mixed  with  round 
grains  of  tridymitc  was  obtained.  The  artificial 
wollastonite  possessed  the  same  chemical  and 
optical  properties  and  crystalline  form  as  the 
natural,  but  was  somewhat  softer,  the  hard- 
ness of  the  mineral  being  5,  and  that  of  the 
artificial  3'5. 

If  molecular  proportions  of  precipitated  silica 
and  calcium  chloride  are  heated  to  a  high  tem- 
perature in  presence  of  water  vapour,  CaSiO.,  is 
also  formed,  but  not  in  form  of  wollastonite. 
With  twice  the  amount  of  chloride  the  normal 
silicate  Ca.SiOj  is  formed. 

Doelter  (J.  M.  188G,  1,  119)  found  that  in 
absence  of  steam  a  hexagonal  CaSiO^  is  alwaj's 
foiTTied ;  hence  wollastonite  must  have  been 
formed  in  presence  of  steam.  Calcium  silicate 
is  therefore  dimorphous. 

The  silicates  2CaO.SiO,,  2Ca0.3SiO,, 
Ca0.2SiO.,,  and  CaO.SSiO^  are  produced  by  ex- 
posing mixtures  of  quartz  and  marble  in  these 
proportions  to  the  heat  of  a  smith's  forge.  The 
last  three  are  the  most  fusible. 

On  precipitating  the  solution  of  any  calcium 
salt  with  sodium  or  potassium  silicate,  the  sili- 
cates 2CaO.!)SiO,.3H,0  and  CaO.SiO,  have 
been  obtained  by  Lefort  and  "Von  Ammon  re- 
spectively. 

Gorgeu  (C.  E.  99,  256)  obtained  two  chloro- 
silicates  by  heating  to  a  high  temperature  silica 
and  calcium  chloride  in  proportion  of  one  mole- 
cule to  seven  in  presence  of  water  vapour.  The 
first,  2CaO.Si0.j.CaCL,  forms  birefractive  rhom- 
bic plates.  The  second,  CaO.SiO^.CaCl.,,  forms 
hexagonal  plates,  and  is  produced  more  rapidly 
than  the  former,  which  requires  prolonged 
heating.  Both  compounds  are  decomposed  by 
water. 

Calcium     silico-borate  Ca0.2SiOo.CaBoO, 

occurs  with  one  molecule  of  water  as  datholite, 
and  with  two  molecules  of  water  as  bofrijolilc. 

Calcium  eilico-titanate  Ca0.3Si0..2CaTi03 
occurs  as  s])Jiene. 

Calcium  monosulphide  CaS.  Perfectly  dry 
lime  remains  unaltered  on  passing  over  it  a 
current  of  dry  sulphuretted  hydrogen  ;  but  on 
hydrating  the  lime  and  again  passing  the  gas, 
calcium  sulphide  is  formed:  Ca(OHVj-fHjS 
=  CaS  -t-  2H.,0.  The  most  favourable  tempera- 
ture is  G0°  (Veley,  C.  J.  1885,  478). 

It  may  also  be  prepared  by  heating  the  sul- 
phate with  coal  or  charcoal,  or  by  action  of 
carbonic  oxide  at  a  red  heat : 

CaSO,  +  -ICO  =  CaS  +  4C0.,. 

Anhydrous  calcium  sulphide  is  a  white  powder 
which  emits  a  smell  of  SIL  in  the  air.  It  turns 
yellow  on  moistening,  due  to  the  formation  of 
oxidised  products.  It  is  but  sparingly  soluble 
in  water,  and  is  decomposed  by  boiling  water, 
with  fornuition  of  hydrate  and  sulphydrate  of 
calcium  2CaS  +  2 1-10  =  Ca(HS),  ->-  Ca(H6),.  Sus- 
pended in  water  it  is  readily  decomposed  "by  car- 
bonic acid,  with  forn:ation  of  calcium  carbonate 
■ftiid  sulphuretted  hydrogen 

CaS  +  H  ,0  +  CO,  =  CaCO.,  +  H„S. 
After  being  heated,  calcium  sulphide"  shines  in 
the  dark,  and  was  long  known  as  Canton's 
phosphorus. 

According  to  Verncuil  (C.  E.  103,  GOO),  cal- 
cium sulpliide  with  a  violet  phosphorescence 
may  be  prepared  us  follows :  20  grams  of  finely- 


powdered  lime,  obtained  by  heating  the  shells 
of  Hi/popus  vulgaris,  is  intimately  mixed  with 
0  grams  of  sulphur  and  2  grams  of  starch,  and 
8  c.c.  of  a  solution  containing  O'o  gram  basic  bis- 
muth nitrate  and  100  c.c.  of  absolute  alcohol 
1  acidified  with  a  few  drops  of  hydrochloric  acid 
[  are  added.  The  mixture  is  exposed  to  the  air 
until  most  of  the  alcohol  has  evaporated,  and  is 
then  heated  to  cherry  redness  for  twenty  minutes. 
When  completely  cooled,  the  upper  layer  of  cal- 
cium sulphate  is  removed,  and  the  calcined  mass 
powdered  and  again  heated  fifteen  minutes.  The 
violet  phosphorescence  of  the  product  is  due  to 
the  trace  of  bismuth.  0*1  p.c.  of  sulphides  of 
antimony,  cadmium,  mercury,  tin,  copper,  lead, 
uranium,  platinum,  or  zinc  imparts  a  bluish  or 
yellowish-green  tint  to  the  phosphorescence. 
Manganese  produces  an  orange  shade.  A  mix- 
ture of  100  parts  lime,  30  parts  sulphur,  10  of 
starch,  and  0-035  of  lead  acetate  yields  a  sulphide 
with  a  beautiful  yellowish-green  phosphorescence. 

Pure  calcium  carbonate  mixed  with  2  p.c. 
sodium  carbonate  and  0"02  p.c.  of  common  salt, 
heated  with  30  p.c.  sulphur  and  0'02  p.c.  bis- 
muth nitrate,  yields  a  similar  product  to  that 
obtained  by  use  of  Hypopus  shells.  Pure  calcium 
sulphide  does  not  phosphoresce ;  thephenomenon 
is  due  to  small  quantities  of  impurities  ;  thus  in 
the  last  mixture  it  has  been  shown  by  Verncuil 
to  be  due  to  simultaneous  presence  of  traces  of 
bismuth  oxide,  sotlium  carbonate  and  chloride 
and  calcium  sulijhate. 

These  phosphorescing  varieties  of  calcium 
sulpliide  are  utilised  in  the  manufacture  of 
luminous  paints.  Abney  (P.  M.  [5]  13,  212) 
found  that  the  emission  spectrum  showed  greatest 
luminosity  between  G  and  F,  and  a  feebler  one 
extending  from  between  E  and  F  as  far  as  the 
red.  The  rays  of  the  electric  light  somewhat 
beyond  H  on  one  side  and  G  on  the  other  are 
most  active  in  exciting  phosphorescence. 

Calcium  disulphide  CaS,  is  deposited  in 
yellow  crystals  of  the  composition  CaS,  3H.^0  from 
the  solution  obtained  by  boiling  sulphur  w'ith 
milk  of  liuu-  ami  liltering  whilst  hot. 

Calcium  pcutasulphide  CaS.  is  formed  when 
the  monosulphide  or  hydrate  of  calcium  is  boiled 
for  a  long  time  with  excess  of  sulphur.  Con- 
centrated solutions  of  calcium  hydrosulphido 
Ca{HS),  also  react  energetically  upon  powdered 
roll  sulphur,  on  preventing  access  of  air  by  per- 
forming the  operation  in  a  current  of  hydrogen  ; 
an  orange-red  solution  is  produced  with  fall  of 
temperature,  and  on  warming  the  calcium  is 
completely  converted  into  CaS,.  The  reaction 
is  reversible,  a  current  of  sulphuretted  hydrogen 
causing  deposition  of  sulphur  and  rc-formatiou 
of  liydrosulphide. 

Calcium  oxysulphides.  When  hydrate  of 
calcium  is  used  as  above,  besides  CaS^  there  is 
also  formed  an  oxysulphide  of  the  composition 
6CaS.CaO-20H,O  (Eose).  The  same  substance 
is  obtained  in  gold-coloured  needles  when  the 
solution  obtained  by  boiling  crude  calcium 
monosulphide  with  much  wafer  is  evaporated. 

According  to  HolTniann  (C.  E.  (12,  291) 
a  mixture  of  two  molecules  of  calcium  mono- 
sulphide and  one  molecule  lime  at  a  red  heat 
forms  the  oxysulphide  2CaS.CaO.  This  oxy- 
sulphide is  contained  in  recently  lixiviated  soda 
residues.  . 
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Geuther  (A.  224,  178)  obtained  crystals  of 
CaS,.2CaO.10H,O  by  boiling  sulpbur  in  millv  of 
lime.  They  dissolve  in  liydrochloric  acid  form- 
ing hydrogen  persulphide  H.,S3  and  a  little 
H^,S.  On  boiling  calcium  monosulphide  and 
sulphur  with  water  crystals  of  CaS^.SCaO.lSH.O 
were  obtained.  Divers  obtained  a  compound  of 
the  formula  llCaS.5CaO  by  igniting  lime  in 
a  mixture  of  carbon  dioxide  and  carbon  bisul- 
phide. 

Calcium  sulpiydrate  Ca(HS)2  is  formed  to- 
gether with  the  hydrate  when  the  monosulphide 
is  boiled  with  water.  The  best  mode  of  pre- 
paring it  is  to  pass  sulphuretted  hydrogen 
through  the  hydrate  or  sulphide  suspended  in 
water,  with  constant  agitation,  until  it  ceases  to 
be  absorbed.  It  is  diiScult  to  obtain  in  the  solid 
state,  being  decomposed  when  the  stage  of  crys- 
tallisation is  reached  into  SH,  and  CiaS  which 
sejiarates  in  silky  prisms. 

Divers  (C.  J.  1884,  270)  obtained  it  in  the 
solid  form  by  forcing  sulphuretted  hydrogen 
-through  semi-solid  calcium  hydrate  and  water 
so  as  to  obtain  a  saturated  solution  of  the  sul- 
phydrate.  Air  was  excluded,  and  on  settling, 
decanting  in  a  stream  of  H.^S,  and  cooling  by 
ice,  crystals  formed  in  abundance.  They  were 
colourless  prisms,  melting  on  slight  rise  of  tem- 
perature with  partial  decomposition.  They 
readily  dissolved  in  a  fourth  of  their  weight  of 
water,  and  could  not  be  removed  from  the  atmo- 
sphere of  sulphuretted  hydrogen  without  decom- 
position. They  possessed  the  formula 
CaH,S,.6H,0. 

Calcium  sulphydrate  may  be  used  as  a 
depilatory.  If  sulphuretted  hydrogen  be  passed 
into  thin  milk  of  lime  till  the  mass  acquires  a 
bluish-grey  colour,  the  paste  thus  formed,  when 
thinly  laid  upon  the  surface  from  which  the 
hair  is  to  be  removed,  permits  of  the  ready  re- 
moval of  the  hair  a  minute  or  two  afterwards  by 
scraping  with  a  dull  knife.  It  has  been  x^ro- 
posed  to  employ  it  in  the  tan-yard. 

Calcium  hydroxy-sulphydrate  Ca(SII)(OH) 
is  formed  according  to  Divers  by  action  of  water 
upon  the  crystals  of  the  last-described  salt: 
Ca(SH),-(-  H,0  =  Ca(SH)OH  +  U.S. 

Also  by  union  of  water  with  calcium  sulphide, 
as  in  interior  of  heaps  of  soda-waste ;  and  by  re- 
action between  Ca(OH)„-^  H,,S  in  the  coal-gas 
purifier.  Exposed  to  air  crystals  of  Ca(HS)2  are 
rapidly  converted  to  Ca(SH)OH,  and  concen- 
trated solutions  of  the  sulphydrate  exposed  to 
air  become  I'apidly  covered  with  crystals,  and  an 
abundant  crop  of  crystals  of  Ca(SH)OH  is  ob- 
tained on  passing  in  a  current  of  air.  The 
crystals  are  colourless  four-sided  prisms  of  silky 
lustre,  easily  obtained  dry,  of  the  composition 
Ca(SH)0H.3H,0.  They  slowly  evolve  SH,  in 
air  and  become  yellow  by  absorption  of  oxygen. 
They  are  readily  soluble  in  water,  but  the  solution 
rapidly  decomposes  into  hydrate  and  sulphy- 
drate.   They  are  insoluble  in  alcohol. 

According  to  Folkard  (C.  N.  49,  258)  by  ex- 
posing calcium  hydrate  to  the  action  of  sul- 
phuretted hydrogen  until  it  ceases  to  gain  weight 
a  grey  powder  of  the  composition  4Ca(HO),j.;3H,S 
is  obtained.  By  the  action  of  coal  gas  sul- 
phuretted hydrogen  is  evolved  from  it,  and  at 
100°  water  is  eliminated  leaving 

Ca(OH),.Ca(SH)OH. 


This  greyish-green  powder  when  gently  heated 
in  coal  gas  leaves  a  yellowish-white  salt 

2Ca(H0),.Ca(SH)0H.CaS, 
and  this  at  a  red  heat  forms  2CaO.Ca(SH)OH.CaS 
which  when  ignited  in  air  burns  like  tinder  to 
CaSO.,. 

Calcium   sulpho-carbonate  CaCSj.  Lime 

over  which  coal  gas  containing  sulphuretted 
hydrogen  has  been  passed  readily  absorbs  carbon 
bisulphide.  Absorption  is  most  complete  when 
the  lime  is  moistened  with  water ;  this  material 
when  fouled  is  mixed  with  an  equal  weight  of 
slaked  lime.  The  absorption  of  carbon  bisulpihide 
stops  when  one  third  of  the  sulphide  is  con- 
verted to  sulpho-carbonate  CaS -i- 080  =  CaCSj. 
On  exposing  the  product  for  a  short  time  to  the 
air,  it  is  again  rendered  capable  of  removing 
carbon  bisulphide. 

On  passing  hydrogen  saturated  with  vapour 
of  carbon  bisulphide  into  a  mixture  of  calcium 
monosulphide  and  a  little  water,  the  liquid  be- 
comes red  and  in  vacuo  deposits  red  prismatic 
very  deliquescent  needles  of  composition 

Ca(0H),.CaCS.,.7H,0. 
When  the  hydroxy-suljjhydrate  is  employed  in- 
stead of  monosulphide  yellow  crystals  of 
2Ca(OH),.CaCS3.10H,O 

are  obtained. 

From  these  facts  Veley  (C.  J.  1835,  478)  con- 
cludes that  the  carbon  bisulphide  is  absorbed  by 
Ca(SH)OH,  and  not  by  CaS,  and  that  the  re- 
actions are  as  follows : 

(1)  OaS-FH.,0  =  Ca(SH)OH. 
(2)  Ca{SH).,-HK,0  =  Ca(SH)OH  +  H  S.  ' 
(.3)  2Ca(SH)0H  +  CS,  =  Ca(0H),.CaCS.,  +  H.S. 

The  basic  sulpho-carbonate  is  unstable, 
being  decomposed  slowly  by  sulphuretted  hy- 
drogen and  readily  by  carbon  dioxide. 

When  milk  of  lime  is  agitated  with  carbon 
bisulphide  bright  orange  needles  of  a  basic 
sulpho-carbonate  Ca(HO),.CaCSa.6H20  are  de- 
posited. 

Calcium  selenides.  The  monoselenide  is 
formed  as  a  tiesh-coloured  precipitate  by  pre- 
cipitating calcium  chloride  with  potassium 
monoselenide.  Lime-water  saturated  with  sele- 
niuretted  hydrogen  deposits  crystals  of  calcium 
selenide  when  exposed  to  the  air.  When  lime 
and  selenium  are  heated  just  below  redness  a 
polyselenide  mixed  with  calcium  selenite  is 
formed. 

Calcium  sulphite  CaSOj  is  formed  when  a 
solution  of  an  alkaline  sulphite  is  added  to  the 
solution  of  a  calcium  salt,  as  a  white  powder 
soluble  in  800  parts  of  water.  It  dissolves  in 
sulphurous  acid,  and  the  solution  on  exposure 
to  air  deposits  six-sided  needles  of  the  composi- 
tion CaS03.2H,0. 

The  solution  in  sulphurous  acid  is  known 
commercially  as  bisulphite  of  lime,  and  is 
manufactured  by  passing  sulphur  dioxide  into 
milk  of  lime.  In  Kynaston's  process  (Pat. 
15,659,  1884)  a  mixture  of  calcium  chloride  solu- 
tion, magnesia,  and  a  little  carbonate  of  lime  is 
brought  into  contact  with  sulphur  dioxide.  The 
SO.,  is  caused  to  ascend  a  flagstone  tower  jjacked 
with  pigeon-holed  brickwork,  while  the  mixture 
is  allowed  to  run  down  the  tower  in  such  propor- 
tions that  from  the  base  there  runs  a  mixture  of 
neutral  sulphite  of  calcium  suspended  in  a  solu- 
tion of  magnesium  chloride  containing  the  excess 
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of  sulphurous  acid.  The  sulphite  is  settled  out 
in  tanks,  the  supernatant  liquor  drawn  ofT  and 
concentrated  to  40-45  T\v. ;  then  a  quantity  of 
alkali  waste  is  added  to  it  in  a  closed  iron  vessel, 
and  the  whole  heated,  when  sulphuretted  hydro- 
gen is  given  off,  and  calcium  chloride,  magnesia, 
and  calcium  carbonate  with  alkali  cinders  remain. 
The  latter  are  removed  in  a  strainer  and  the 
emulsion  is  ready  to  be  again  treated  with  sulphur 
dioxide.  The  whole  of  the  carbonate  of  lime 
present  is  converted  to  sulphite,  carbon  dioxide 
being  evolved. 

According  to  Birnbaum  and  Wittich  (B. 
1.3,  G.51),  calcium  oxide  does  not  absorb  sulphur 
dioxide  gas  below  400°,  but  at  this  temperature 
combination  takes  place  rapidly  with  formation 
of  a  basic  sulphite  Ca,.S-0„5  or  6Ca0.5SO.,.  At 
500°  the  gas  is  rapidly  absorbed,  but  the  suliihite 
splits  up  into  sulphate  and  sulphide. 

Calcium  sulphate  CaSO^  is  frequently  found 
in  limestone  rocks  or  in  company  with  common 
salt  in  the  anhydrous  state  as  the  mineral  anhy- 
drite. Anhydrite  occurs  both  in  rhombic  crystals 
and  in  a  semi-crystalline  massive  form.  More 
frequently  the  sulphate  is  found  hydratcd  as 
fjijpsum  CaS0,.2H;0,  of  which  the  well  crystal- 
lised form  is  termed  selenite,  a  fibrous  variety 
satin-S2Mr,  and  a  linely  ci'ystallo-granular  form 
alabaster.  Selenite  occurs  in  fine  monoclinic 
prisms,  frequently  twinned  in  characteristic 
arrow-head  shapes. 

The  anhydrous  sulphate  may  be  artificially 
obtained  in  crystals  resembling  anhydrite  of 
sp.gr.  2-9,  by  fusing  calcium  chloride  with  excess 
of  potassium  sulphate  (Manross,  J.  18.52,  9). 

Hydratcd  calcium  sulphate  is  precipitated  on 
adding  dilute  sulphuric  acid  or  a  soluble  sulphate 
to  an  aqueous  solution  of  calcium  chloride.  The 
specific  gravity  of  gypsum  is  2-;jl.  When  it  is 
heated  to  100-120°  it  gives  up  three-fourths  of 
its  water  rather  quickly,  but  it  requires  a  tem- 
perature of  200-250°  to  expel  the  remainder. 
Dried  at  100°  the  hydrate  2CaS0,.H,0  of  sp.gi-. 
2-7  is  left.  The  anhydrous  salt  fuses  at  a  red 
heat  without  decomijosition,  and  on  cooling 
assumes  the  structure  of  anhydrite.  When  de- 
hydrated calcium  sulphate  is  pulverised  and 
mixed  with  water  it  absorbs  two  molecules  of 
water,  and  solidifies  to  a  very  hard  mass  with 
evolution  of  heat,  expanding  in  so  doing  so  as  to 
fill  any  mould  in  which  it  is  cast ;  hence  the 
use  of  gypsum  or  plaster  of  Paris  in  preparing 
casts.  It  the  gypsum  has  been  heated  to  a  little 
over  200°,  thus  being  deprived  of  all  its  water,  it 
becomes  dead  burnt  and  takes  up  water  very 
slowly  and  without  hardening. 

Plaster  of  Paris  is  prepared  very  extensively 
ou  the  large  scale  by  burning  gypsum.  Its  good 
qualities  mainly  depend  upon  the  choice  of  raw 
nuvtcrial —heavier  and  denser  varieties  yielding 
the  best  commercial  results  — and  upon  the  mode 
of  burning.  The  lowest  temperature  at  which 
gypsum  can  be  advantageously  burnt  is  80°C., 
b;it  a  temperature  of  110-120°  gives  the  best 
1<  chnical  results.  As  a  rule  also,  the  smaller 
the  pieces  the  more  homogeneous  the  product. 

It  is  burnt  in  kilns  or  ovens,  taking  precau- 
tions not  to  permit  the  fuel  to  come  in  contact 
with  it  so  as  to  reduce  it  to  sulphide.  .  The  walls 
of  the  kilns  are  of  strong  masonry,  spanned  by  a 
ventila'ed  arch.    The  interior  is  divided  into 


two  parts—  an  upper  larger  chamber  for  reception 
of  the  gypsum,  and  a  lower  series  of  small  tire 
chambers  beneath,  where  brushwood  or  coke  is 
burnt  to  obtain  the  required  temperature.  In 
Scanegatty's  oven  the  interior  is  divided  by  an 
arch  about  a  foot  from  the  floor,  upon  the  under 
side  of  which  play  the  flames  from  a  furnace 
connected  with  the  lower  chamber,  the  hot  air 
and  gases  passing  afterwards  through  apertures 
into  the  gyjisum  chamber.  The  aqueous  vapour 
passes  away  by  a  chimney  at  the  top  of  the 
oven. 

Dumesnil's  oven  is  a  form  which  has  been 
much  employed ;  it  differs  from  Scanegatty's  in 
the  peculiar  arrangement  of  the  lower  fire-room, 
which  has  twelve  openings,  the  lower  blocks  of 
gypsum  being  arranged  so  as  to  facilitate  the 
circulation  of  the  draught  from  these.  The 
i  tiring  is  continued  for  about  4  hours,  then  the 
heat  is  increased  for  8  hours,  when  all  openings 
are  closed,  and  5-6  cubic  metres  of  coarse 
gypsum  powder  spread  equally  over  the  top  of 
the  burning  sulphate.  By  this  means  consider- 
\  able  saving  of  fuel  is  effected.  After  standing 
twelve  hours  to  cool,  the  contents  of  the  kiln 
are  removed.  It  is  mostly  in  state  of  powder, 
and  the  pulverisation  is  completed  by  grinding 
in  a  stamp  or  roller  mill.  The  powder  is  then 
sifted  and  stored  in  a  dry  place. 

Gradually  these  older  types  of  furnaces  are 
being  replaced  by  continuous  ones,  of  which  those 
of  Lecaze  and  Arson  may  be  taken  as  types.  The 
Lecaze  furnace  is  rectangular,  and  consists  of 
two  chambers  as  before,  but  so  arranged  that 
the  gypsum  can  be  extracted  at  the  base  as  fast 
as  it  is  suflieiently  dehydrated.  The  Arson 
furnace,  one  of  the  most  successful,  differs  from 
all  previous  types  in  being  charged  with  powdered 
gypsum.  It  consists  of  a  cylindrical  structure, 
divided  into  eight  compartments  by  horizontal 
plates,  perforated  with  circular  holes.  The 
gypsum  is  first  powdered  by  means  of  a  mill, 
from  which  it  slides  down  an  inclined  plane  to 
the  mouth  of  the  kiln,  where  it  is  distributed  by 
automatic  machinery  upon  the  first  horizontal 
plate,  where  it  begins  to  be  heated.  After  a 
time  the  distributor  causes  it  to  fall  through  the 
holes  of  this  plate  ui)on  the  second,  where  it  is 
subjected  to  a  still  higher  temperature,  and  so 
on  through  the  whole  eight.  After  passing 
through  the  eighth  and  lowest  compartment, 
nearest  the  furnace,  it  is  sutliciently  dehydrated 
and  falls  as  plaster  of  Paris  into  a  receptacle 
common  to  a  battery  of  ten  similar  furnaces. 
The  fuel  employed  is  coke,  chosen  so  as  to  give 
no  discolouring  smoke.  A  battery  of  ten  such 
furnaces  dehydrates  100  cubic  metres  of  gypsum 
in  twenty-four  hours. 

Plaster  of  Paris  can  be  hardened  by  mixture 
with  a  solution  of  alum.  For  further  details  of 
gypsum  burning  v.  Ckments. 

Calcium  sulphate  is  very  slightly  soluble  in 
water,  the  anhydrous  sulphate  being  nearly 
insoluble.  The  solubility  of  the  hydrate  attains 
a  maximum  at  .35",  one  part  dissolving  in  ;^!)3 
parts  water  (Poggiale)  at  0°  in  488  parts,  and  at 
100°  in  400  parts.  Tiie  solubility  is  increased 
by  presence  of  hydrochloric  or  nitric  acids,  or 
chlorides  of  ammonium  or  sodium,  hence  its 
presence  in  salt  springs  ;  probably  in  most  cases 
partial  double  decomposition  has  occurred 
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According  to  Lunge  (S.  C.  I.  1885,  31)  the 
solubility  of  calcium  sulphate  in  solutions  of 
sodium  chloride  increases  with  tlie  percentage  of 
salt  but  diminishes  with  increase  of  temperature. 

At  21-5°C.  100  c.c.  of  a  3-5:3  p.c.  solution  of 
NaCl  dissolves  -5115  gram  CaSO,. 

At  18-0°C.  100  c.c.  of  a  14-18  p.c.  solution  of 
NaCl  dissolves  -7340  gram  CaSO,. 

At  101-0°C.  100  c.c.  of  a  3-53  p.c.  solution  of 
NaCl  dissolves  -4891  gram  CaSO^. 

At  10'2-5°C.  100  c.c.  of  a  14-18  p.c.  solution  of 
NaCl  dissolves  -6218  gram  CaSO,. 

Calcium  chloride  diminishes  the  solubility  of 
CaSOj  the  more  it  is  concentrated,  but  at  the 
boiling-point  the  concentration  is  immaterial. 
Hydrochloric  acid  increases  the  solubility  both 
with  increase  of  concentration  and  of  tempera- 
ture. 

Ciypsum  is  readily  soluble  in  excess  of  sodium 
thiosulphate,  forming  calcium  thiosulpliate, 
which  combines  with  the  excess  of  the  sodium 
salt  to  form  a  soluble  double  thiosulphate.  On 
addition  of  alcohol  this  double  salt  separates  as 
a  thick  heavy  liquid,  which  solidities,  forming 
needle-shaped  crystals. 

Acid  calcium  sulphate  CaSO  ..H, SO,,  is  formed 
by  heating  the  neutral  sulphate  with  strong 
sulphuric  acid  to  80-100*^.  A  portion  of  the 
porous  mass  produced  dissolves  and  separates 
on  cooling  in  'microscopic  prisms  of  the  com- 
position above  indicated.  It  is  decomposed  by 
water,  even  the  moisture  of  the  air,  into  gypsum 
and  sulphuric  acid. 

Calcium-sodium  sulphate  CaNaj(SOj),,  occurs 
native  in  rhomliic  prisms  as  the  mineral  glau- 
bcritc.  It  may  be  obtained  in  the  same  form  by 
fusing  together  calcium  and  sodium  sulphates. 
C)n  heating  50  parts  sodium  sulphate  (Glauber's 
salt)  with  an  emulsion  of  1  part  gypsum  in  25 
parts  water  to  80'\  crystalline  needles  of 

CaSOj.2Na,SO,.2H,0 
are  deposited.    On  further  heating  these  crystals 
are  transformed  into  microscopic  rhonibohedral 
crystals  of  glauberite. 

In  the  Welsh  process  of  manufacturing  so- 
dium acetate,  during  evaporation  of  the  liquor 
formed  by  double  decomposition  of  calcium 
acetate  by  sodium  sulphate,  micaceous  spangles 
of  glauberite  have  been  noticed  by  Folkard  (C.  N. 
43,  0)  to  separate  out.  This  explains  why 
calcium  sulphate  so  tenaciously  retains  sodium 
sulphate. 

Calcium  potassium  sulphate 
CaS0,.K,SO,.H,0 
occurs  native  in  monoclinic  crystals  as  sijngcnite. 
It  is  formed  by  mixing  solutions  of  tlic  two 
salts.  When  a  mixture  of  cqnal  weights  of 
anhydrous  calcium  sulphate  and  potassium  sul- 
phate is  stirred  up  with  less  than  its  weight  of 
water  the  mass  suddenly  solidities.  If  4-5  parts 
of  water  are  used  the  solidification  is  not  quite 
so  rapid,  but  gives  casts  superior  to  those  of 
plaster  of  Paris  inasmuch  as  they  possess  a 
polished  surface. 

A  salt  of  the  composition 

CaS0,.KNH,S0,.Aq 
is  obtained  by  adding  an  excess  of  potassium 
sulphate  to  a  warm  concentrated  solution  of 
ammonium  sulphate  which  has  been  saturated 
with  calcium  sulphate.  Tlie  same  salt  is  formed 
when  the  double  sulphate  of  calcium  and  po- 


tassium is  treated  with  a  warm  solution  of  am- 
monium sulphate  (Fassbender,  B.  11,  1,968). 

Calcium  thiosulphate  CaS.0.,.6H,0  is  pre- 
pared by  heating  an  emulsion  of  calcium  sul- 
phate and  sulphur  in  water.'  It  forms  triclinic 
prisms  soluble  in  their  own  weight  of  cold 
water.  On  heating  the  solution  to  60°  it  is 
decomposed  with  deposition  of  sulphur.  It  is 
used  for  the  preparation  of  antimony  cinnabar 
Sb^OS^,  used  in  oil  painting. 

Calcium  chromate  CaCr04.4H,0  is  prepared 
by  dissolving  calcium  carbonate  in  aqueous 
chromic  acid,  or  as  a  light-yellow  precipitate 
on  mixing  concentrated  solutions  of  chloride  of 
calcium  and  potassium  chromate.  Bourgeois 
(J.  M.  1880,  1  Eef.  351)  prepares  the  anhydrous 
salt  by  heating  to  bright  redness  two  molecules 
of  the  chloride  with  a  molecule  of  potassium 
chromate  and  one  of  sodium  carbonate.  It 
forms  slender  yellow  needles,  formed  from  a 
rectangular  ijrisni,  moderately  soluble  in  water, 
and  is  used  as  a  pigment.  The  hydrated  salt 
gives  up  its  water  at  200°C. 

The  acid  chromate  CaCr.^O^.SH^O  is  ob- 
tained in  red  deliquescent  crystals  by  evaporating 
a  solution  of  the  neutral  salt  in  aqueous  chromic 
acid. 

Calcium  potassium  chromate  (CaK.JCrO|.Aq. 

forms  yellow  silky  needles,  obtained  by  satu- 
rating acid  chromate  of  potassium  with  calcium 
hydrate. 

Detection  and  estimation  of  calcium. — The 
hydrated  chloride  when  heated  in  a  non-lumi- 
nous flame  on  i^latinum  wire  imparts  to  the 
flame  a  red  colour  of  less  brilliancy  than  stron- 
tium, but  still  very  distinct.  If  the  compound 
to  be  tested  is  decomposed  by  hydrochloric 
acid,  it  is  only  necessary  to  moisten  the  pla- 
tinum wire  with  the  acid,  and  then  dip  it  into 
the  powdered  substance.  If  the  compound  is 
a  silicate,  it  sbould  be  powdered  and  mixed 
with  ammonium  fluoride,  gently  heating  on 
platinum  foil  until  the  fluoride  is  volatilised ;  it 
is  then  moistened  with  sulphuric  acid  and  tested 
in  the  flame  on  platinum  wire,  when  the  red 
colouration  is  obtained  as  soon  as  the  excess  of 
acid  is  driven  oif. 

The  spectrum  of  this  red  flame  consists  of  a 
large  number  of  lines,  of  which  the  green  line 
Cai3  is  most  prominent.  Another  characteristic 
line  is  the  strong  orange  one  Caa.  A  quantity 
of  calcium  chloride  as  little  as  yoijijoo  urgm.  may 
be  detected  by  the  spectroscope. 

All  the  calcium  salts  except  the  sulphate  dis- 
solve readily  in  nitric  or  hydrochloric  acid  ;  the 
carbonate,  phosphate,  arsenate,  and  oxalate  are 
insoluble,  the  sulphate  sparingly,  and  almost  all 
the  other  salts  of  calcium  are  readily  soluble  in 
water. 

Ammonium  carbonate  precipitates  calcium 
carbonate  from  solutions  of  calcium  salts,  thus 
separating  it  fiom  the  alkali-metals.  In  order 
to  completely  remove  calcium  (the  carbonate 
being  slightly  soluble,  1  part  dissolving  in 
40,000  parts  water)  it  is  usual  to  precipitate  it 
by  means  of  ammonium  oxalate  in  ammoniacal 
solution,  calcium  oxalate  being  almost  com- 

'  Dirers  (G.  J.  ISSt,  270)  obtains  it  by  oxidation  of  cal- 
cium sul  phydi-ate  in  a  current  of  air,  calcium  hydroxy- 
su'pliydrate  being  first  formed  and  tlien  oxidi-ed  bv  the 
SH,  to  thiosulphate  Ca( SH )OII  -I-  20^ -f  H =  CaS,Oj-l- 2H ,0. 
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"pletely  insoluLle  in  water.  It  is  distinguished 
from  barium  and  strontium  by  the  greater  solu- 
bility of  its  sulphate,  a  solution  of  calcium  sul- 
phate giving  an  immediate  precipitate  with 
barium  salts  and  one  after  some  time  with 
soluble  strontium  salts. 

Calcium  is  generally  estimated  quantitatively 
as  oxide  or  carbonate  with  intermediate  precipita- 
tion as  oxalate  by  addition  of  ammonia  till  the 
reaction  is  alkaline,  and  afterwards  of  ammo- 
nium oxalate.  The  washed  and  dried  oxalate 
is  heated  to  low  redness  if  it  is  to  be  converted 
into  carbonate ;  but  if  the  oxide  is  required  it  is 
ignited  over  the  blowpipe  in  a  platinum  crucible. 
If  boric  or  phosphoric  acids  are  present  this 
method  cannot  be  employed  and  the  calcium  is 
then  precipitated  as  sulphate  by  adding  dilute 
sulphuric  acid  and  alcohol. 

In  presence  of  much  magnesium  Sonstadt 
(C.  N.  29,  209)  recommends  use  of  potassium 
iodate,  which  completely  precipitates  calcium 
but  not  a  trace  of  magnesium. 

Atomic  weight  of  calcium. — The  first  accu- 
rate determinations  were  made  by  Erdmann 
and  Marchand  by  the  ignition  of  Iceland  spar 
and  of  pure  precipitated  calcium  carbonate. 
The  results  showed  that  if  oxygen  =  15-96  the 
atomic  weight  of  calcium  is  39  9.  If  oxygen  = 
IG  then  calcium  =  40-0.  Subsequent  determina- 
tions by  Baup  and  Dumas  have  confirmed  these 
numbers.  A.  E.  T. 

CALICHE.  The  term  by  which  the  impure 
native  sodium  nitrate  or  Chili  saltpetre  is  known 
throughout  South  America  (r.  Sodium). 

CALOMEL.    Mcrcurous chloride,  v.  Meucdut. 

CALOPHYLLUM  INOPHYLLUM.  A  tree 
(Order  GuUifcire)  (dilo  of  Fiji,  tamarind  of  E. 
Polynesia,  and  cashumpa  of  India),  the  seeds  of 
which  yield  60  p.o.  of  a  fragi-ant  green  oil,  fluid 
at  ordinary  temperatures,  solidifying  when  cooled 
below  10°C.  The  tree  bears  fragrant  white 
flowers.  The  oil,  the  woondel  or  bitter  oil  of 
Indian  commerce,  used  for  medicine  and  for 
lamp  oil,  is  of  a  greenish  tint,  and  a  very  little 
imparts  its  colour  to  a  whole  cask  of  cocoanut 
oil  (Ph.  [.SI  S,  36.3). 

CALOTYPE  V.  Photography. 

CALUMBA.  Colombo,  Columho,  Badix  Ca- 
himbre,  liacine  dc  Colombo  (Fr.) ;  Kalumba  or 
Cohimboinirzel  (Ger.). 

The  root  of  Jateorhiza  imlmata  (Micrs), 
an  herbaceous  climbing  plant  inhabiting  the 
forests  of  Eastern  Africa  (Fl.  a.  H.  23  ;  lientl.  a. 
T.  13).  The  fleshy  root  is  sliced  transversely  and 
dried.  It  was  introduced  into  Europe  in  the 
seventeenth  century  as  an  antidote  for  poison, 
and  found  a  place  in  the  Ijondon  Phnrniaoopd'ia 
of  1788.  It  possesses  mild  bitter  tonic  proper- 
ties, for  which  purpose  it  is  now  chiclly  em- 
ployed in  medicine. 

Proximate  analyses  of  caluNiba  were  made 
by  Planche  (IJl.  Ph.  3,  189)  and  Buchner(Ph.  C. 
1831,  429).  It  consists  of  bitter  matter,  10-13 
p  c. ;  yclloio  resinous  extractive,  5  i^.c;  volatile 
oil,  traces  •  starch,  30-3,5  p.c.  ;  gum,  4-9  p.c. ; 
and  woody  fibre,  12-39  p.c.  The  ash  is  about 
0  p.c.  Tannic  acid  is  absent.  The  physiolo- 
gically active  constituents  of  caluniba  are  co- 
'nnil.in,  columbic  acid,  and  berberine.-  The  first 
of  these,  coliimbiii,  C„,IL,0.,  was  discovered  in 
1830  by  Wittstock  (P.  19,  298).    It  is  obtained 


from  an  alcoholic  extract,  by  treatment  with 
ether,  in  colourless  prisms.  A  somewhat  modi- 
fied method  has  recently  been  suggested  by 
Duquesnel  (Year  Book  Pharm.  1887,  148),  by 
which  a  yield  of  0-34-0-4  p  c.  is  obtained, 
Columbin  is  a  bitter  neutral  substance  which 
melts  at  a  gentle  heat,  and  is  sparingly  soluble 
in  cold  water,  alcohol,  and  ether.  It  may  be 
recrystallised  from  glacial  acetic  acid.  M.p.  182" 
(Patemo  a.  Oglialoro,  B.  12,  68.5).  The  crystals 
were  measured  by  Eose  (P.  19,  441).  Bodekcr 
(A.  69,  39)  made  an  analysis  of  columbin  and 
detected  berberine  and  another  yellow-colouring 
agent,  columbic  acid,  in  the  root.  The  acid  is 
obtained  as  a  soluble  calcium  salt  by  treating 
the  alcoholic  extract  with  lime  water.  The  ad- 
dition of  hydrochloric  acid  precipitates  it  in  pale 
yellow  amorphous  flakes.  Analvsed  it  gave  the 
formula  Cj..Hj,0,.,H.,0.    A  lead  salt 

(Cj,£„0„),3PbO 
was  prepared.  A.  S. 

CAM  WOOD  V.  Sa-Vderswood. 

CAMPEAOHY  WOOD  v.  Logwood. 

CAMPHINE  r.  Oii.s,  kssential. 

CAMPHOL  V.  CAMrnoRS. 

CAMPHORS.  Camphors  are  volatile  oxygen- 
ated hydrocarbons,  possessing  a  peculiar  charac- 
teristic odour.  They  are  mostly  crystalline 
solids  insoluble  in  water  but  soluble  in  alcohol. 
Except  in  the  case  of  a  few,  which  are  produced 
j  artificially,  they  are  obtained  from  plants  where 
.  they  occur  associated  with  hydrocarbons,  from 
which  they  are  probably  derived.  Most  plants 
when  distilled  with  steam  yield  volatile  oil.j 
composed  of  heavier  oxidised  compounds  held 
in  solution  more  or  less  by  lighter  hydrocarbons. 
The  former  often  separate  in  crystals  during  the 
condensation  of  the  oil  or  afterwards  on  standing, 
or  they  may  be  obtained  by  fractional  distilla- 
tion. Most  of  these  oxj-genated  products,  which 
are  very  numerous  in  the  vegetable  kingdom, 
and  wliich  include  nearly  all  the  '  stearoptenes  ' 
or  solid  portions  of  volatile  oils,  are  camphors 
in  a  wide  sense  of  that  term.  In  a  narrower 
meaning  the  word  denotes  the  well-known 
laurel  camphor  of  Japan  and  Formosa,  the  older 
camphor  of  Borneo  and  Sumatra,  and  a  few 
other  varieties.  The  earlier  Chinese  and  .\rabian 
notices  of  camphor  refer  to  the  Borneo  variety, 
laurel  camphor  being  a  product  of  a  later  though 
unascertained  period.  Garcia  d'  Orta  mentions 
the  latter  as  well  known  in  Europe  in  1563,  and 
points  out,  what  indeed  is  true  at  the  present 
day,  that  the  much  more  costly  Borneo  or 
Sumatra  camphor  is  entirely  consumed  in  the 
East  (c/.  Fl.  a.  H.  510). 

Tiie  more  important  camphors,  nsing  the 
term  in  its  larger  signification,  may  be  considered 
in  four  groups  as  isomers  or  homologues  of : 
(1)  Peppermint  camplior,  menthol,  C|„H.„0  ;  (2) 
Borneo  camphor,  borneol,  C|„HnO  ;  (3)  Laurel 
camphor,  C|„H,^0 ;  and  (4)  Thyme  camphor, 
thymol,  C|(,H,,0.  Menthol,  the  only  important 
member  of  the  first  group,  is  a  derivative  of  the 
hydrocarbon  mcnthene  C,,,!!,^,  the  members  of 
the  borneol  group  are  derivatives  of  terpenes 
C,„H,„,  while  the  isomers  of  laurel  camphor  and 
thymol  are  substituted  cymenes  CioH,,.  These 
hydrocarbons  are  derivatives  of  benzene,  and  the 
whole  class  of  camphors  have  therefore  the  same 
fundamental  structure.    For  the  most  part  cam- 
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phors  beliave  like  alcohols  or  phenols,  but  laurel 
camphor  and  the  compound  menthone  appear  to 
be  ketones.  Just  as  ketones  when  reduced  by 
nascent  hydrogen  yield  secondary  alcohols,  so 
laurel  camphor  is  converted  into  borneol,  and 
menthone  into  menthol.  For  further  discussion 
of  the  constitution  of  camphors  v.  Bn.  (3,  202) 
and  Briihl  (B.  21,  14.5  a.  4.37). 

Peppermint  camphor.  P eppermint  cam- 
phor, Mctithol,  C,„H,,.OH.  The  volatile  oils  of 
Mentha  piperita  (Sm.)  and  M.  arvcnsis  (De  C), 
\a,rieties  x^iperasccns  and  glabrata,  consist  of  the 
■  stearopteue,  menthol,  together  with  an  eheoptene, 
which,  in  the  case  of  the  English  oil,  is  a  mix- 
ture of  isomeric  and  polymeric  terpencs  (Fliickiger 
a.  Bower,  Bh.  [S]  11,  220),  and  in  that  of  the 
Japanese  is  chiefly  menthone  CmHu^O  (Beckmann, 
Jahresb.  Pliarmak.  1887,303).  The  proportion  of 
menthol  in  the  Chinese  and  Japanese  oils  is  so 
great  that  they  are  solid  at  ordinary  tempera- 
tures, while  from  the  English  and  American  oils 
only  comparatively  small  quantities  can  be  ob- 
tained (c/.  Todd,  Ph.  [3]  16,  842).  The  camphor 
is  extracted  either  by  application  of  cold  and 
removal  of  the  liquid  which  adheres  to  the  pre- 
cipitated mass  of  crystals  by  expression,  or  the 
oil  is  submitted  to  fractional  distillation.  Com- 
pare Dumas  (A.  6,  252),  Blanchet  a.  Sell  (A. 
G,  201),  Walter  (A.  28,  312;  32,  288),  Kane 
(B.  M.  16,  418;  A.  32,  28.3),  Oppenheim  (A. 
120,  351),  Beckett  a.  Wright  (C.  S.  19,  1),  Atkin- 
son a.  Yoshida  (C.  J.  41,  50),  and  Moriya  (C.  S. 
39,  77).  According  to  Trimble  the  menthol  of 
the  English  and  American  oils  pipmcnthol  is 
not  identical  but  differs  physically  from  that  of 
the  oils  of  China  and  Jajian  (Am.  J.  Ph.  1884, 
405). 

Menthol  crystallises  in  prisms  resembling 
magnesium  sulphate.  It  has  the  odour  and 
taste  of  peppermint.  M.  p.  36°  (0pp.) ;  42° 
{B.  a.  W.,  A.  a.  Y.).  B.  p.  210°  (0pp.,  B.  a.  W., 
A.  a.  Y.).  Sp.gr.  15°,  0-890  (M.).  Lirvorotatory 
(0pp.,  Arth.,  A.  Ch.  [6]  7,  438 ;  Kanonnikoff, 
J.  pr.  [21  31,  348).  Heat  of  combustion  (Lu- 
ginin,  A."  Ch.  [5]  23,  387).  Menthol  is  very 
slightly  soluble  in  water,  but  soluble  in  alcohol, 
ether,  carbon  disulphide,  petroleum  ether,  glacial 
acetic  acid,  and  concentrated  hj'drochlorie  acid. 
It  rotates  on  the  surface  of  water  in  a  similar 
manner  to  laurel  camphor.  Mixed  with  chloral, 
thymol,  or  laurel  camphor,  menthol  reacts, 
forming  a  liquid  (Kyle,  Am.  J.  Ph.  1885, 
429  ;  Becker,  Am.  J.  Ph.  1880,  2.S3).  When 
menthol  is  boiled  with  a  mixture  of  sulphuric 
acid  diluted  with  half  its  volume  of  water,  it 
changes  to  a  deep-blue  colour  (Brit.  Pharm.  1885). 

Treated  with  phosphorus  pcntoxide  menthol 
loses  a  molecule  of  water  and  forms  the  liquid 
hydrocarbon  menthcnc  C|„H|„  (W.).  Concen- 
trated hydrochloric  acid  (0pp.)  or  phosphorus 
pentachloridc  converts  it  into  mcitthyl  chloride 
C,„H|,,.C1  (W.);  vienthijl  carbonate  (C,„H„,0)..CO 
(Arth.,  A.  Ch.  [61J  7,  409)  ;  vicnthyl  silicate 
(C,„H,„0)jSi  (Hertkorn,  B.  18,  1695).  A  nitro- 
derivative  is  formed  by  the  action  of  concen- 
trated nitric  acid,  which,  reduced  with  nascent 
hydrogen,  yields  mcnihyl  amide  C,||H,,|.NH._.  (M.). 
Menthol  reacts  with  acetic  acid  producing  victi- 
thijl  acctala  C|„H,„.OAc  (0pp.  ;  Menschutkin, 
J.  R.  13,  507),  and  with  benzoic  acid  forming 
viciithijl  henzoate  CjoHjg.OBz  (Arth.,  A.  Ch.  [6] 


7,  479).  Two  atoms  of  hydrogen  are  removed 
by  treatment  with  chromic  acid,  and  the  liquid 
menthone  C|„H|„0  is  formed.  According  to 
Becki  nann  (Jahresb.  Pharmak.  1887,  363),  men- 
thone is  the  chief  liquid  constituent  of  Japanese 
oil  of  peppermint.  This  compound  is  related  to 
menthol  in  the  same  manner  that  laurel  cam- 
phor is  to  borneol,  and  can  be  converted  into 
menthol  by  the  action  of  sodium  and  carbon 
dioxide,  just  as  laurel  camphor  is  converted  into 
borneol  (A.  a.  Y.).  When  menthol  is  treated  with 
a  large  excess  of  concentrated  nitric  acid,  the 
oxidation  goes  further  with  the  formation  of  a 
dibasic  acid  C^H^O,  (M.).  Hydroxylamine  is 
without  action  on  menthol  (Niigeli,  B.  16,  498). 

Menthol  is  gradually  coming  more  into  use 
in  medicine.  It  sometimes  takes  the  j)lacG  of 
cocaine  in  the  production  of  local  anaesthesia, 
and  it  is  employed  in  certain  skin  diseases. 

Borneo  and  allied  camphors.  Borneo,  Ma- 
layan, Barns  or Dryobalanops  Camphor; 
Borneol,  Camphol,  C|(|H|,.0H.  This  is  the  pro- 
duct of  the  Dryobalanops  aromaiica  (Gartn.),a 
majestic  tree  indigenous  to  Sumatra,  Borneo,  and 
Labuan,  where  it  often  rises  without  a  branch  to  a 
height  of  150  feet,  when  its  summit  is  crowned  by 
a  magnificent  display  of  foliage  50  to  70  feet  in 
diameter,  supporting  beautiful  white  odoriferous 
flowers  (Fl.  a.  H.,  516).  The  camphor  is  deposited 
in  crystals  in  fissures  in  the  old  wood,  and  to 
obtain  it  the  trees  have  to  be  sacrificed.  The 
tree  is  cut  down  and  the  longitudinal  fissures 
opened  and  the  camphor  removed.  The  yield  ig 
not  more  than  from  3  to  11  lbs.  from  large  trees. 
Owing  to  the  reckless  mannerin  which  the  trees 
have  been  destroyed  without  the  planting  of 
others,  the  forests  of  Sumatra  now  contain  few 
that  are  worth  working  (Ph.  [3]  12,  83).  The 
camphor  is  best  jjurified  by  sublimation  (Fl.  a. 
H.  ;  Pelouze,  A.  40,  320). 

Borneol  is  also  a  constituent  of  the  following 
volatile  oils  :  Rosemary,  liosmariniis  officinalis 
(L.)  ;  (Bruylants,  J.  1879,  944;  Fl.  a.  H.,  489); 
Serpentary  root,  Arisiolochia  serpentaria  (L.), 
(Spica,  G.  17,  314),  and  Valerian,  Valeriana 
officinalis  (L.),  (Gerhardt,  A.  45,  34  ;  Bruylants, 
B.  11,  455 ;  Fl.  a.  H.,  379 ;  Haller,  C.  E.  103, 
151).  Besides  these  natural  sources  borneol 
may  be  obtained  by  the  action  of  reducing  agents 
on  laurel  camphor  (Berthelot,  A.  Ch.  [3J  50,  78), 
and  in  small  proportions  it  is  found  among  the 
products  of  the  distillation  of  amber  with  potash 
(Berthelot  a.  Buignet,  A.  115,  245). 

Borneol  is  harder  and  less  volatile  than  laurel 
camphor  and  does  not  sublime  in  the  bottles  in 
which  it  is  kept.  It  has  a  peppery  cnmphora- 
ceous  odour  and  burning  taste.  M.  p.  200-207° 
(Plowman,  Ph.  [3]  4,  709).  B.  p.  212°  (Pelouze). 
Sp.  gr.  1011  (PL).  Dextrorotatory  (Kachler,  A. 
197,  99  ;  Mongolfier,  B.  10,  729).  Eefractiou 
coefficient  (Kanonnikoff,  J.  pr.  [2]  31,  348).  It 
is  very  slightly  soluble  in  water,  but  dissolves 
readily  in  alcohol  and  ether.  Removal  of  a 
molecule  of  water  by  phosphoric  anhydride 
leaves  the  solid  terpene  bornco-camphene ,  C|„H|g 
(Wallach,  A.  230,  239).  Concentrated  hydro- 
chloric acid  (Berthelot,  A.  112,  300)  or  phos- 
phorus pentachloride  (Kachler)  reacts  with 
formation  of  bornyl  chloride  C^,^l^..C\.  Bornyl 
acetate  C||,H|,.0Ac  is  a  constituent  of  valerian 
I  oil  (Bruylants),  and  may  be  produced  by  the 
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action  of  acetic  anhydride  on  bomeol  (Montgol- 
fier,  A.  Ch.  [5]  14,  50)  and  in  a  similar  manner 
bonujl  bcuzoate,  C,„H,;.OBz  is  obtained  (Berthe- 
lot).  Sodium  reacts  on  bomeol  in  solution  in 
benzene  with  the  formation  of  a  crystalline 
sodium  salt,  C|„H,..ONa  (Kachler  a.  Spitzer,  M. 

2,  235).  The  methyl  ci/iC)  C,„H,..OMe  is  formed 
by  acting  on  the  sodium  salt  witli  methyl  iodide 
(Baubigny,  Z.  18()8,  299).  Nitric  acid  oxidises 
borneol  with  formation  of  dextrorotatory  cam- 
pJior,  C|„HmO,  in  the  first  instance,  and  the 
reaction  proceeding  further  camphoric  acid, 
C,|,H|aO,,  and  other  products  result  (Laurent, 
A.  22,  135;  Pelouze,  A.  40,  328;  Kachler,  A. 
193,  143). 

Camphors  isomeric  or  homologous 
ivitli  borneol.  Artificial Lccvoborncol  C||,H|sO 
is  produced  together  with  dextroborneol  in  the 
reduction  of  laurel  camphor  (Montgolfier,  A.  Ch. 
[5]  14,  21). 

Cineol  C,„H|^0  is  the  chief  constituent  of  the 
volatile  oils  of  santonica,  Artemisia  marilima, 
var.  Slcchmanniana  (Besser)  (Kraut,  J.  1802, 
460  ;  Kraut  a.  Wahlforss,  A.  128,  293  ;  Hell  a. 
Stiircke,  B.  17,  1970 ;  Wallach  a.  Brass,  A.  225, 
291),  and  of  cajoput,  Melaleuca  cajcpuli  (Roxb.), 
cajcputol  (Wallach,  A.  225,  315).  Cineol  is  also 
contained  in  the  volatile  oils  of  Eucahjjytiis 
globulus  (Labill.)  (Faust  a.  Homeycr,  B.  7, 1429  ; 
Jahns,  B.  17,  2943)  and  of  rosemary,  liosmarijius 
officinalis  (L.)  (Weber,  A.  238,  95).  Artificially 
it  may  be  obtained  by  the  action  of  aqueous 
phosphoric  acid  on  terpilenol,  or  in  small  pro- 
portions by  treating  terpinhydrate  with  mineral 
acids  (Wallach,  A.  239, 18).  B.p.  170°  (Wallach), 
172-5°  (H.  a.  S.).  It  does  not  alter  a  ray  of 
polarised  light.  The  terpenes  cinnnc,  C,„H,s, 
and  dicineuc,  CjoH^.^,  result  from  the  action  of 
phosphoric  anhydride  (H.  a.  S.).  Oxidised 
by  permanganate,  cineolic  acid  C,„H|^0.,  and 
other  products  are  formed  (Wallach  a.  Gilde- 
meister,  A.  240,  208).  Cineol  absorbs  hydro- 
chloric acid  gas,  forming  the  crystalline  hydro- 
chloride C,„H„0,HC1  (Hell  a.  Bitter,  B.  17, 
1977).  A  characteristic  reaction  for  cineol  is 
that,  shaken  with  a  saturated  solution  of  iodine 
in  potassium  iodide,  there  is  formed  a  glutinous 
mass  of  minute  shining  greenish  crystals  (Bn. 

3,  207). 

Colophene  camphor  C|„H,sO  resembles 
borneol  and  is  deposited  in  crystals  from  a  frac- 
tion of  that  portion  of  the  crude  product  of  the 
action  of  sulphuric  acid  on  turpentine  which  is 
volatile  in  a  current  of  steam  (Armstrong  a. 
Tilden,  C.  J.  35,  752).  Madder  camphor  C,„H„0 
is  contained  in  the  fusel  oil  of  the  crude  spirit 
obtained  by  the  fermentation  of  the  sugar  of 
madder  (Jeanjean,  A.  101,  95).  Ngcii  camphor 
C,„H,^0  is  a  product  of  the  Dlumca  balsamifera 
(De  C).  It  is  nearly  related  to,  if  not  identical 
with,  madder  camphor,  and  in  most  respects  be- 
haves like  borneol.  It  is  l;evorotatory,  and  when 
oxidised  it  yields  a  lievorotalory  isomeride  of 
laurel  camplior.  M.p.  204'"  (Hanbury  a.  Plow- 
man, Ph.  [31  4,  709  ;  Fliickiger,  Ph.  [3]  4,  828). 
Tcrpene  hydrate  C,„H„0,  the  Terpilinol,  Ter- 
iniieol,  a.niX  a-  mu\  fi- Borucols  are  also  isomerides 
of  Borneo  camphor  (Bn.  3,  207). 

The  following  volatile  oils  contain  liquid 
isomerides  of  borneol  :—Buchu  leaves,  Barosma 
bctulina  (Bart.  a.  Wcndl.),  B.  crenulata  (Hooker), 


I  B.  serratifolia  (Willd.),  contain  an  oil  C,oH,^0 

'  boiling  at  205-210°  together  with  diosphenol 
C|,H..O,  (?),  a  crystalline  camphor  melting  at  83*" 
and  boiling  at  233°  (Fliickiger,  J.  18S0,  1081). 
Diosphenol  is  probably  identical  with  the  com- 
pound  C,„H,sO.,  obtained  by  Spica  from  B. 

:  crcnata  (L.)  which  melted  at  82°,  boiled  at 
220°   (G.    15,   195);   Citronella,  Andropogon 

I  Nardus  (L.)  (Wright,  Ph.  [3]  5. 233) ;  Coriander, 
Coriandnim  sativum  (L.)  (Kawalier,  J.  1852, 
G24  ;  Grosser,  B.  14,2485);  Galangal,  Alpinia 
officinarum  (Hance)  (Vogel,  B.  J.  24,  479) ; 
Geranium,  Aiidropogon  Iwarancusa  (L.), 
Schcenanthus  (L.)  (Jacobson,  A.  157,  232) ; 
Pelargonium  Eadula  (Alton)  (Gintl.  J.  1879, 
941)  ;  Ilo]}s,  Hamulus  Lupulus  {h.)  (Wagner,  J. 
1853,  510  ;  Personne,  J.  1854,  G54 ;  OssipofY,  J.  pr. 
[2]  28,  448) ;  Lemon,  Citrus  Limonuni  (Kisso) 
(Tilden,  Ph.  [3]  9,654);  Sage,  SalviaofficiuaUs 
(L.),  Salviol  (Muur,  C.  J.  37,  678);  Tansy, 
Tanacctum  vulgarc  (L.)  (Bruylants,  B.  11,  452). 
Angustura,  Galipca  cusparia  (St.-Hil.),  yields  a 
volatile  oil  containing  C,3Ho|0  which  is  a  higher 
homologue  of  Borneo  camphor  (Herzog,  J.  1858, 
444). 

Common  and  allied  camphors.  Common 
Camphor ;  Laurel  Camphor  ;  Camphre,  Fr. ; 
Campher,  Ger.  C|„H|^0.    Common  camphor  is 
contained  in  all  parts  of  the  camphor  laurel, 
Cinnamomum  camphura  (Nees  a.Ebcrm.),  a  tree 
inhabiting  Japan,  Formosa,  and  central  China, 
and  cultivated  for  its  foliage  in  the  South  of 
Europe  and  generally  in  warm  climates.  It 
{  occurs  also  as  a  constituent  of  the  volatile  oils 
of  Lavender,  La  vandula  vera  (De  C.)  (Dumas,  A. 
I  6,  24S  ;  cf.  Fl.  a.  H.  478) ;  Rosemary,  Rosmarinus 
I  officiiudis  (L.)  (Lallemand,  A.  114,  197) ;  Sage, 
'  Salvia  officinalis  (L.)  (Muir,  C.  J:  37,  078) ;  and 
Spike,  Lavandula  sj'ica  (De  C.)  (Lallemand). 
Artificially  common  camphor  may  be  produced 
by  the  oxidation  of  borneol  (Pelouze,  A.  40,  328) 
j  and  many  of  its  isomerides  (Rochleder,  A.  44,  1 ; 
Fallin,  A.  87,  370).    The  camphor  of  commerce 
is,  however,  obtained  entirely  from  the  camphor 
laurel.    It  is  prepared  in  Japan  and  Formosa  in 
a  crude  state,  and  is  refined  in  Europe  and 
America. 

In  Formosa  the  camphor  manufacture  has 
fallen  oil  to  such  an  extent  that  the  Chinese 
government  has  recently  taken  over  its  manage- 
ment in  the  hope  of  reviving  it  as  a  state 
monopoly  (S.  C.  I.  1887,  391).  The  trees  grow 
on  both  sides  of  the  central  chain  of  mountains, 
where  they  are  found  as  high  up  as  elevations  of 

j  2,000  feet.  The  wood  is  collected  along  the 
boundary  separating  the  Chinese  coast  scttle- 

I  mcnts  from  the  native  domain  in  the  interior, 
and  it  is  cither  distilled  with  steam  in  a  very 
crude  manner  on  the  spot  or  is  taken  into  the 
towns  where  a  less  wasteful  process  of  distilla- 
tion is  carried  out.  The  trees  are  not  necessarily 
cut  down,  but  the  wood  chopped  out  in  the  form 
of  chips  by  means  of  a  long-handled  gouge.  A 
wooden  boiler  in  the  form  of  a  trough  is  made  in 
the  woods,  often  out  of  a  hollow  trunk  of  a  tree. 
This  is  coated  with  clay  and  covered  with  a  Hat 
piece  of  wood  containing  a  row  of  ten  openings 
for  jets  of  steam  to  escape.  Water  is  poured  in 
and  a  fire  lighted  beneath.    Chips  of  camphor 

I  wood  are  then  placed  above  each  of  the  ten 

'  openings  in  such  a  manner  that  the  steam  passes 
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amongst  them.  Over  each  pile  is  inverted  an 
eartlicn  pot  in  which  the  camphor  volatilised 
and  carried  upwards  with  the  steam  condenses 
in  minute  crystals,  and  out  of  which  it  is  scrajjed 
every  few  days.  Sheds  are  usually  built  over 
four  such  stills  and  the  whole  is  moved  from 
one  place  to  another  as  the  camphor  wood  is 
exhausted  (Fl.  a.  H.,  513).  A  drawing  of  a  some- 
wdiat  superior  form  of  still,  doubtless  one  of 
those  in  use  in  the  towns,  is  given  by  Fliickiger 
_(A.r.  Ph.  1879,  214).  The  camphor  thus  obtained 
is  brought  down  to  the  coast  in  baskets  holding 
half  a  pecul  (pecul  is  133^  lbs.),  where  it  is  placed 
in  vats  to  drain,  or  the  oil  which  it  still 
retains  to  the  extent  of  20  p.c.  is  removed  by 
hydraulic  pressure.  It  is  exported  in  boxes 
lined  with  lead  or  tin-plate  and  holding  about  a 
pecul  each.  In  the  market  it  is  known  as 
Formosa  or  Chinese  camphor.  It  is  usually  wet, 
and  consists  of  small  grains  of  a  light-brown 
colour.  The  Chinese  do  not  value  it,  and  for 
their  own  purposes  they  imjiort  the  more  costly 
camphor  of  Borneo  [cf.  Ph.  [3]  13,  223). 

The  procedure  is  somewhat  different  in  Japan. 
The  trees,  which  should  not  be  less  than  a 
hundred  years  old,  are  cut  down  and  chopped 
into  small  pieces.  Metal  boilers  have  long  been 
in  use  (Kiimfer,  1712;  Fl.  a.  H.),  still  at  the  pre- 
sent day  very  crude  wooden  receivers  may  some- 
times be  seen.  Compare  drawing  by  Fliickiger 
(Ar.  Ph.  1S7'J,  214).  A  still  is  described  by  the 
United  States  Consul  Jones  of  Nagasaki  (Y.  B. 
Ph.  1884,  212),  which  consists  of  a  metal  boiler 
over  which  is  fixed  a  tub  containing  the  cam- 
phor chips,  and  so  arranged  that  the  steam  pass- 
ing through  it  carries  the  camphor  and  oil 
vapours  into  a  first  and  second  wooden  con- 
denser. In  the  second  the  camphor  crystallises 
amongst  straw  in  an  upper  compartment,  and 
the  water  and  oil  collect  below.  An  improved 
form  of  apparatus  is  described  with  a  drawing 
by  Oishi  (S.  C.  I.  1884,  353).  An  iron  boiler  is 
placed  over  a  furnace,  and  to  this  is  fitted  a 
wooden  tub  containing  the  camphor  chips  and 
constructed  so  that  the  steam  after  traversing 
the  chips  escapes  together  with  the  oil  and 
camphor  by  a  bamboo  or  wooden  pipe  to  a 
special  form  of  condenser.  The  boiler  is  circu- 
lar with  a  diameter  of  3  feet.  The  tub  or  steam 
jacket  has  a  diameter  of  2  feet  10  inches  below 
and  1  foot  6  inches  above,  and  is  4  feet  high. 
The  condenser  is  a  flat  rectangular  wooden 
vessel  fitted  inside  with  a  number  of  partitions 
so  as  to  expose  as  large  a  surface  as  possible  for 
condensation.  It  is  cooled  by  being  placed 
horizontally  in  a  shallow  trough  of  cold  water  in 
which  it  is  partly  submerged.  Another  some- 
what sma-ller  trough  is  laid  on  the  top  of  it,  and 
cold  water  is  arranged  to  flow  through  both 
during  the  operation.  The  charge  of  120  kilos 
of  chips  is  exhausted  in  24  hours  and  has  to  be 
renewed,  but  the  contents  of  the  condenser 
need  only  be  removed  every  5  or  10  days.  This 
is  filtered  to  separate  the  solid  camphor  from 
the  oil  which  still  holds  some  20  p.c.  of  camphor 
in  solution.  This  is  obtained  by  fractional  dis- 
tillation and  the  application  of  cold  to  the 
distillate.  The  yield  of  camphor  is  greater  in 
winter  than  in  summer,  while  the  reverse  is  true 
of  the  oil.  In  summer  a  charge  of  120  kilos  of 
wood  gives  2-4  kilos  or  2  p.c.  of  camphor,  and 


1-8  litres  of  oil,  in  winter  3  kilos  or  2-4  p.c.  of 
camphor  and  -.5  to  -7  litres  of  oil.  The  oil  .after 
separation  of  the  dissolved  camphor  is  ajiplied 
to  illuminating  and  other  purposes.  The  cam- 
phor is  exported  in  double  tubs,  one  inside  the 
other,  and  containing  a  pecul  each.  It  is  drier 
and  lighter  in  colour  than  Formosa  camphor, 
and  often  has  a  pinkish  hue.  It  fetches  a  some- 
what higher  price  in  the  market. 

Crude  Japan  or  Formosa  camphor  contains 
from  2  to  10  p.c.  of  impurities  insoluble  in 
alcohol.  It  is  refined  in  this  country,  on  the 
Continent,  and  in  the  United  States,  and  also  to 
some  extent  in  India.  In  Europe  the  crude  pro- 
duct is  mixed  with  a  little  charcoal,  sand,  iron 
filings,  or  quick  lime,  and  sublimed.  The  opera- 
tion is  generally  performed  in  glass  flasks  '  bom- 
bolocs,'  in  the  upper  half  of  which  the  camphor 
condenses  in  the  form  of  large  concavo-convex 
cakes  with  a  hole  in  the  middle  which  corre- 
sponds to  the  opening  in  the  neck  of  the  flask. 
To  remove  the  cakes,  which  generally  weigh 
from  9  to  12  lbs.,  the  flasks  are  broken.  The 
sublimation  requires  great  care  owing  to  the 
inflammability  of  camphor  vapour,  and  the 
right  temperature  to  be  employed  is  a  matter  of 
importance.  The  flasks  containing  the  crude 
camphor  are  rapidly  heated  on  a  sand  bath  to 
120-190°  to  remove  water,  then  the  temperature 
is  allowed  to  rise  slowly  to  about  2(14^^,  and 
maintained  at  that  for  21  hours.  [Cf.  Fl.  a.  H., 
514.) 

Purified  camphor  consists  of  colourless  trans- 
lucent masses  traversed  by  numerous  cracks, 
or,  when  slowly  condensed, of  hexagonal  crystals. 
It  can  be  broken,  but  is  too  tough  to  admit  of 
being  powdered  by  trituration.  This  may,  how- 
ever, be  readily  effected  if  a  little  alcohol  be 
added,  which  escapes  again  during  the  opera- 
tion. Camphor  is  used  in  medicine  for  its 
stimulant  and  antiseptic  properties,  and  it  is 
largely  consumed  by  the  natives  of  India. 
Sp.gr.  0-992  (10°);  m.p.  175°;  b.p.  204°.  It 
sublimes  to  some  extent  at  ordinary  tempera- 
tures ((■/.  Folger,  y.  B.  Ph.  18813,  232).  Dextro- 
rotatory (Landolt,  A.  189.  334).  Kefraction  co- 
efficient (Kanonnikoft',  J.  pr.  [2]  31,  348).  Cam- 
phor, in  common  with  chloral  hydrate  and 
some  other  substances,  rotates  in  a  jjeculiar 
manner  on  the  surface  of  water  (Tomlinson, 
P.  M.  [41  4(5,  376  ;  Ph.  4,  654  a.  672 ;  C.  N. 
36,  215;  37,  72;  52,  60).  Water  dissolves  it 
very  sparingly,  but  it  is  readily  soluble  in 
alcohol,  ether,  and  chloroform.  Mixed  with 
chloral  hydrate  it  forms  an  oily  li(pud, 

C„H,„0,CC1,CH0,H,0, 
which  has  been  employed  in  medicine  (Brown, 
Ph.  [3]  4,  729 ;  Saunders,  Ph.  [3]  7,  89  ;  Caze- 
neuve  a.  Imbert,  Bl  [2]  34,  209  ;  Zeidler,  ,1. 
1878,  645;  Albright,  Am.  J.  Ph.  1886,  282). 
Similar  combinations  take  place  between  cam- 
phor and  chloral  alcoholate  (Zeidler),  phenol 
(Fliickiger,  Ph.  Chem.  2,  450),  menthol  (Kyle, 
Am.  J.  Ph.  1885,  429),  and  thymol  (Symes, 
Ph.  [3]  9,  598). 

Phosphoric  anhydride  removes  water  from 
camphor,  forming  cv»iP)!c  CidH,,,  together  with 
other  hydrocarbons  (Armstrong  a.  Miller,  B. 
1(),  2259).  With  phosphorus  pentachloride  it 
yields  camphor  dichloride  C|„H|,,C1.^.  Nitro- 
caiiq^lwr,  C,„H,5(N02)0,  is  prepared  by  reduction 
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of  chloronitro-cariiphor  (Cazeneuve,  Bl.  47,  920;  I 
49,  92  ;  ScbilT,  B.  13,  1403),  and  this  by  treat-  { 
ment  ■with  sodium  amalgam  is  converted  into 
amido-CMuphor  C,oH,.(MHl.)0  (Schifl).  Mono-, 
di;  and  tridtloro-camphor  (Bn.  3,  271).  Of  ; 
the  bromine  derivatives,  mo7wbromo-camplior 
C,„H|-BrO  is  employed  in  medicine,  and  is  an 
article  of  trade.  It  is  prepared  by  treating 
camphor  with  bromine  at  130°,  and  crystal- 
lising: the  mass  obtained  from  petroleum  ellier. 
It  may  be  purilied  by  rccrystallisation  (Maisch, 
Am.  J.  Ph.  44,  177;  Gault,  I'Union  Ph.  15, 
20G ;  Keller,  J.  1880,  726).  From  alcohol  it 
crystallises  in  colourless  prisms  or  needles,  from 
petroleum  either  in  long  flat  prisms  or  glossy 
scales.  Monobromo  camphor  has  a  weak  cam- 
phoraceous  odour  and  taste.  M  p.  7(j' ;  b.p. 
274°  (Perkin,  A.  Spl.  4,  125).  It  is  insoluble  in 
water,  but  soluble  in  alcohol,  ether,  chloroform, 
benzene,  the  fixed  oils,  and  sulphuric  acid.  By 
.the  action  of  reducing  agents,  camphor  is  con- 
verted into  borncol.  This  may  be  accomplished 
conveniently  by  adding  sodium  to  an  alcoholic 
solution  of  camphor  (Jackson  a.  Menke,  Am.  5, 
271 ;  Jackson,  Am.  6,  40G).  Hot  alkaline  per- 
manganate (Grosser,  B.  14,  2.507),  or  nitric  acid 
(Kachler,  A.  102,  2()2 ;  193,  143),  oxidises  cam- 
phor with  the  formation  of  camphoric  acid, 
C,H,  ,(COOH).,. 

Camphors  isomeric  or  homologotis 
with  common  camphor.  Isomerides  of 
common  camphor  are  :  Anise-camphor  formed  by 
the  action  of  nitric  acid  on  anethol,  b.p.  190-193° 
(Landolph,  B.  13,  145) ;  Inactive  caniplwr,  ob- 
tained by  oxidising  inactive  camphene  with 
chromic  acid  (Aniistronga.  Tilden,  B.  12, 1756)  ; 
Lcevocamphor  produced,  according  to  Biban  (Bl. 
24,  19),  by  the  oxidation  of  lievo-camphene  (but 
V.  A.  a.  T.)  and  occurring  in  volatile  oil  of  Fever- 
few, Pyrcthrum  Parlhcniiim  (Sm.)  (Chautard, 
C.  K.  37, 160),  differs  only  from  common  camphor 
in  its  behaviour  towards  polarised  light;  and 
Carveol  (Lcuckart,  B.  20,  114). 

The  following  are  the  most  important  vola- 
tile oils  which  contain  isomerides  of  eam])hor  : 
Arbor  vitce,  Thuja  occidcntalis  (L.),  Thiijol 
(Jahns,  Ar.  Ph.  221,  748)  ;  Chamomile,  Anihc- 
mis  nobilis  (L.),  Aiitlievwl  (Kobig,  A.  19o,  95)  ; 
Cowbane,  Cictita  virosa  (L.)  (Trapp,  J.  1858, 
444)  ;  Galbanum,  one  of  the  products  of  the 
distillation  of  galbanum  (Kachler,  B.  4,  39 ; 
Miissmer,  A.  119,  257)  ;  German  Chamomile, 
Matricaria  Chamomilla  (L.)  (Kachler,  B.  4,36  ; 
Bizio,  J.  18()1,  ()81) ;  Hyssop,  Hijssopus  officituilis 
(L.)  (Schmidt,  Lchrb.  Ph.  Ch.  2,  830) ;  "Elecam- 
pane, Inula  llclcniuui  (L.),  Inula,  or  Alant 
Camphor,  a  liquid  with  the  odour  of  peppermint, 
which  when  treated  with  phosphoric  anhydride 
yields  cymcnc,  and  with  chromic  acid,  tercph- 
thalic  acid  (Kallen,  B.  9,  154)  ;  Nutmeg,  Mi/ris- 
tica  frarirans  (Houtt.),  Myristicol  (Wright,  B.  6, 
147);  Pennyroyal,  Mentha  pulegium  (L.)  (Kane, 
A.  32,  286),  and  the  nearly  related  PuJccjium 
Micranthum  (Claus)  (Butleroff,  J.  1854,  694); 
Pichurim  Beans,  Nectandra  Puchm-y  (Nees), 
(Miiller,  J.  1853,  514) ;  Sage,  Salvia  officinalis 
(h.),  ni.p.  174°  ;  b.p.  205°  (Muir,  C.  J.  37,  678) ; 
and  Wormwood,  Arteinisia  Absinthium  (L,), 
Absintltol  (Beilstein  a.  KuplTer,  A.  170,  290). 

The  more  important  homologues  of  common 
camphor  aie; 


Matico  caviphor  C, .11^,0,  contained  in  the 
volatile  oil  of  matico  leaves.  Piper  angustifolium 
(Ruiz  a.  Pavon),  which  on  standing  deposits  the 
camphor  in  crystals,  m.p.  94°.  Concentrated 
hydrochloric  acid  colours  it  intense  violet,  chan- 
ging to  blue  and  green  (Kiigler,  B.  10,  2841). 

Cedar  camplwr  C,iH._.,0,  a  crystalline  mass 
obtained  from  the  volatile  oil  of  Junipcrus 
Virginiana  (L.),  m.p.  74^,  b.p.  282°.  Yields 
ccdrene  Cp  H..,,  when  treated  with  phosphoric 
anhydride  (Walter,  A.  39,  247  ;  48,  35). 

Cubebs  camphor  C,.H;,0,  a  constituent  of 
the  volatile  oil  of  the  old^fruits  of  the  Piper 
ciibcba  (L.).  The  crvstals  melt  at  GS-7°-70°  (W.), 
65°  (S.),  67°  (S.  a.  W.).  B.p.  148°  (S.).  Deliy- 
draled  by  sulphuric  acid,  cubcbcnc  C,.,H,,  is 
formed  (Blanchet  a.  Sell,  A.  6,  294  ;  Winckler, 
A.  8,  203;  Schmidt,  Z.  1870,  lUO  ;  Schaer  a. 
Wyss,  J.  1875,  497). 

Ledum  camphor  C,5H.,iO  (?)  obtained  from 
the  volatile  oil  of  Marsh  Tea,  Ledum  pialustrc 
(L.).  Needles,  m.p.  104-105°,  b.p.  292°.  By 
the  action  of  phosphoric  anhydride,  the  sesqui- 
tcrpene  C,.,H,|  is  formed  (Kizza,  J.  It.  19,  319; 
Trapp,  B.  8,  542  ;  Hjelt  a.  Collan,  B.  15,  2501). 

Patchouli  camphor  Ci^H^O  (?)  a  crystalline 
camphor  contained  in  the  volatile  oil  of  Pogo- 
stemon  patchoidi  (Pclletier)  ;  m.p.  54-59°,  b.p. 
206°.  By  the  action  of  acetic  anhydride  it  loses 
water  and  forms  patchoulcne  C,  H.,,  (Gal.  C.  R. 
1869,  68,  406  ;  Montgollier,  Bl.  28,  414  ;  Maiscb, 
Am.  J.  Ph.  1884,  84). 

Sandalwood  camphor,  Santalol  C,jH^,0,  a 
liquid  camphor  obtained  from  the  volatile  oil 
of  Santaluui  album  (L.),  b.p.  310^  (Chapoteaut, 
Bl.  37,  303). 

Thyme  and  allied  camphors.  Thyme  cam- 
phor, Thymol  C,„H,,0,  i.e.  C,Hj.Me.(OU).Pr. 
[1:3:4]. 

Thjnnol  is  a  constituent  of  the  volatile  oils 
of  Ajonan,  Carum  ajowan  (Benth.  a.  Bork.) 
(Haines,  C,  S.  Mem.  8,  289 ;  Stenhouse,  A.  98, 
2()9,  a.  307  ;  Miiller,  B.  2,  130)  ;  Garden  Thyme, 
TIn/)nus  vtdgaris  (L.)  (Doveri,  A.  64,  374; 
Lailcmand,  A.  Ch.  [3]  49,  148);  Horse  Mint, 
Monarda  punctata  (L.)  (Arppo,  .V.  58,  41)  and 
together  with  carvacrol  in  Wild  Thyme,  Thymus 
serpyllum  (L.)  (Jahns,  B.  15,  819 ;  Fcbre,  J. 
1881,  1028).  To  extract  it  the  oils  are  shaken 
with  a  solution  of  caustic  soda,  when  the  thymol 
passes  into  the  aqueous  portion  in  the  form  of  a 
soluble  sodium  salt  and  is  thus  separated  from 
the  hydrocarbons.  Tlio  alkaline  solution  is 
aciditied  with  hydrochloric  acid,  which  precipi- 
tates the  crude  camphor.  It  may  then  be  puri- 
fied by  crystallisation  from  glacial  acetic  acid  or 
alcohol.  Anotlicr  plan  is  to  submit  the  oils  to 
fractional  distillation  and  to  precipitate  tho 
thymol  from  the  heavier  portions  of  the  distil- 
late by  the  application  of  cold. 

Thymol  has  the  odour  of  thyme  and  a  warm 
pungent  taste;  m.p.  50°,  b.p.  222°  (Stenhouse), 
230°  (Lailcmand).  It  is  sparingly  solulde  in 
water,  but  very  soluble  in  alcohol,  ether,  and 
alkaline  solutions.  It  forms  a  liquid  with  men- 
thol (Kvle,  Am.  J.  Ph.  1835,  429),  camphor 
(Symes,  'Ph.  [3]  9,  598),  berberine  (Lloyd,  New 
Remedies,  1881,  195),  but  not  with  chloral 
hydrate  (Symes,  cf.  Mazzara,  G.  13,  272).  If  a 
solution  containing  thymol  be  warmed  with 
iis  volume  of  glacial  acetic  acid  together  with 
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more  than  its  volume  of  sulphuric  acid,  a  deep 
red-violet  colour  is  developed.  This  reaction  is 
obtained  even  in  very  dilute  solutions  (Robbert, 
J.  Th.  1881,  109  ;  Wolff,  Fr.  22,  90).  For  other 
test  reactions  see  Stornier  (Ar.  Ph.  [3]  25,  3G  ; 
Fh.  Z.  31,  744;  Hirschsohn,  Ph.  [3j  12,  21). 
For  colour  reactions  with  sugars  v.  Lindo 
(C.  N.  55,  239). 

Phosphoric  anhydride  splits  the  thymol 
molecule  into  2^''0A'/^'-''"'  Q-iHg  and  m-  crcsol 
C,,H,Me.0H[l:3].  Phosphorus  pentasulphide 
deoxidises  it  with  the  formation  of  p-  cymcna 
C,H,.Pr.Me[l:4]  (Fittica,  A.  172,  305).  Well- 
detincd  salts  are  formed  with  sof/nnu  Cn|H|3.0Na, 
incrciirr/  CmHjj.HgOH,  and  alu')ii)iium 

(C,„H„0).,A1. 
By  the  action  of  nitrous  acid  on  thymol,  iso- 
nitrosothymol  C||,H|,_,(N.OH)0  is  obtained  in 
yellow  needles  (Schiff,  B.  8,  1500)  and  from  this 
compound  nilrothymol  C|„H,.|(NO.JO  (Schilf) 
and  amidothyinol  C||,H|.,(NHo)0  are  derived. 
Halogen  derivatives  (Bu.  3,498);  Methyl  ether 
C|„H,,OMe  (Engelhardt  a.  Latschinoff,  Z.  18G9, 
43)  ;  Ethyl  ether  C,„H|3.0Et  (Jungtleisch,  Z. 
18(55,  532) ;  Acetate,  C,„H,:,.OAc  (Paterno,  Bl. 
25,  32) ;  Demoatc,  C,„H,3.0Bz  (E.  a.  Z.)  ;  Car- 
bonate (C,„H,,0).,CO  (Richter,  J.  pr.  [2]  27, 
605)  ;  Phosphates  (C,„H,.,0).,PO  (E.  a.  Z.). 
(C,„n,,0).,HO,PO  (Kreysler,  B.  18,  1705;  Dis- 
calzo,  G.  15,  280),  and  (C,„H,30)(HO),„PO(D., 
Bn.  3,  496). 

Thymol  is  used  in  medicine  as  an  antiseptic. 

Camjyhors  isomeric  with  'thyme  cam- 
phor.  Carvol  C|„H|.,.OH  is  a  liquid  isomeride 
contained  in  the  following  volatile  oils  :  Caraway- 
seed,  Canim  canii  (L.)  (Volckel,  A.  85,  24(1)  ; 
Dill-fruit,  Peiicedamim  graveolens  (Hiern) 
(Nietzki,  N.  Handb.  Chem.  2,  98G) ;  Spearmint, 
Mentha  viridis  (L.)  (Gladstone,  J.  1803,  548), 
and  Crisped  Mint,  Mentha  cris2M-{L.)  (Schmidt, 
Lehrb,  Ph.  Chem.  2,  845).  Carvol  is  distin- 
guished from  other  constituents  of  volatile  oils 
by  its  power  of  combining  directly  with  sul- 
phuretted hydrogen  to  form  the  crystalline 
hydrosulphide  (C,„H,.,0),H  ,S  (cf.  Fliickiger,  B. 
9,  408  ;  Bn.  3,  501).  Carvacrol,  cymophenol 
(C,H,.Me.(OH),Pr)[l:2:4]  is  a  thick  oil  closely 
related  chemically  to  thymol.  It  is  formed  by 
distilling  carvol  in  presence  of  solid  phosphoric 
acid  or  caustic  potash,  and  occurs  in  the  follow- 
ing volatile  oils  :  Origanum  7tir<zn;i  (L.)  (Jal.ns, 
J.  1879,942);  Satureja  hortensis  (L.)  (Jahnr.B. 
15,  810)  ;  S.  montana  (L.)  (Haller,  Bl.  37,  411); 
and  Thymus  scrpiyllum  (L.)  (Jahns,  Bn.  3, 
500).  A.  S. 

CAMPOBELLO   YELLOW  v.  Naphtiludene 

COLOURING  SIATTEUS. 

CANADA  BALSAM  v.  Balsvms;  and  Oleo- 

EESIN'S. 

CANADA  PITCH  or  HEMLOCK  SPRUCE 
KESIN  r.  Resins. 

CANADOL.  Petroleum  ether  or  ligroin. 
That  portion  of  refined  petroleum  which  boils 
at  about  00°  and  has  sp.gr.  of  -05  to  -70  consists 
mainly  of  normal  hexane  {v.  Paraffin  ;  and 

PETRdlJ-.Ull). 

CANARIN.  A  yellow  colouring  matter  ob- 
tained by  the  action  of  bromine  or  a  mixture  of 
potassium  chlorate  and  hydrochloric  acid  upon 
potassium  or  ammonium  thioeyanate;  it  probably 
consists  of  perthiocy anogen  C^HN^S^  (H. 


Schmid,  D.  P.  J.  251,  41).  (For  details  of  mode 
of  preparation  v.  D.  P.  J.  253,  130,  also  S.  C.  I. 
3,  470.)  Cloth  dyed  with  canarin  resists  light 
and  soap.  Neither  concentrated  acids  nor  alkalis 
destroy  it  or  dissolve  it  out  of  the  fibre.  Bleach- 
ing powder  lias  no  action  upon  it.  Acts  as  a 
mordant  for  basic  aniline  dyes. 

CANDLES.  Candles  are  among  the  most 
ancient  forms  of  illuminants.  The  excellence  of 
a  candle  depends  on  the  nature  of  the  wick  and 
of  the  combustible  matter,  and  on  the  manner 
and  extent  in  which  these  are  apportioned.  In 
the  following  list,  the  torch  must  be  regarded  as' 
a  huge  wick  with  the  minimum  amount  of  com- 
bustible mat  ter  ;  this  proportion  being  gradually 
altered  until  the  present  ratio  of  about  1  part 
wick  to  50  parts  of  combustible  matter  is  reached. 

Table  showing  iJie  stages  in  the  developn:cnt  of 
candles. 

Torch.    Pine  branches  or  slips  (Lat.  tivda), 
saturated,  naturally  or  artificially,  with 
resinous  or  fatty  matter. 
Link.    Rope-strands  steeped  in  resin,  tar,  or 
pitch ;    in  olden  times,   doubtless,  with 
asphalt  or  bitumen. 
Flambeau.  A  core  of  hemp,  soalvcd  in  rosin 
and  coated  with  crude  bees-wax.  Later 
the  outer  coat  was  of  bleached  wax. 
Dips.  Wicks  of  rush-pith  (rush-lights), crude 
flax  or  cotton,  and  subseijuently  of  twisted 
cotton  yarn,  coated  with  wax  or  tallow  by 
repeated  dippings. 
Moulds.  (Introduced  about  the  15th  century 
by  the  Sieur  de  Brez.)    Hard  tallow,  sper- 
maceti, stearin,  or  j>ara£fin,  cast  round  the 
wick  in  a  mould. 
In  addition  to  these  varieties  may  be  men- 
tioned rolled,  iwured,  and  draivn  candles. 

Dips,  the  cheapest,  as  well  as  the  oldest  form 
of  candle,  were  made  until  comparatively  lately 
of  tallow  or  household  grease.  Wax  candles 
were  mostly  poured,  drawn,  or  rolled.  The  great 
advantage  of  the  '  dip  '  lies  in  the  ease  with 
which  it  can  be  made.  The  thrifty  housekeeper 
was  wont  to  set  aside  the  superfluous  kitchen  fat 
for  melting  day,  when  part  went  to  make  soap 
whilst  the  harder  portions  were  formed  into 
candles.  The  fat  was  thrown  into  boiling  water 
and  boiled  three  or  four  times  with  a  little  salt 
to  '  render  '  it.  The  dirt  and  impurities  being 
removed  by  subsidence,  the  clean  liquid  fat  was 
run  through  a  strainer  into  the  candle  pan. 
Some  skill  and  experience  were  required  to  regu- 
late the  temperature  of  the  melted  fat.  If  too 
hot,  the  liquid  fat  would  run  oft'  the  wicks  ;  if  too 
cold,  the  material  would  congeal  too  quickly  and 
adhere  irregularly  and  in  lumps  to  the  wicks. 
In  households  these  would  be  rushes,  divested  of 
their  i^eel,  with  the  exception  of  a  thin  strip 
which  was  left  to  give  strength  to  the  pitli. 
These  were  usually  tied  in  bunches  of  four,  so 
that  one  wick  could  be  held  between  each  pair  of 
fingers,  and  thus  be  immersed  in  the  liquid  fat. 
A  short  time  was  allowed  after  each  dip  to  cool 
the  last  coat.  Four  dippings  mostly  sutiiced  ; 
when  the  finished  candles  were  hung  up  in  an 
airy  loft  to  harden  and  whiten. 

In  dips  as  manufactured  on  a  large  scale  the 
wicks  are  of  twisted  cotton,  and  are  strung  on 
rods,  each  rod  holding  eight.    The  workman, 
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holding  an  end  of  the  rod  in  either  hand,  first 
immerses  the  wicks  in  very  hot  tallow,  in  order 
that  theii-  fibres  may  be  thoroughly  saturated,  and 
then,  as  each  rod  is  ready,  it  is  slid  on  to  a  cross 
frame  to  cool ;  when  the  wicks  are  re-dii)ped  in 
tallow  of  about  1G°C.  {GO^F.}  till  the  desired 
■weight  is  obtained. 

Many  devices  exist  for  reducing  labour  and 
ensuring  uniformity  of  result  in  manufacturing 
dips.  Of  these  contrivances  the  '  Edinburgh 
•wheel '  is  the  best  known.  It  consists  of  a  long 
pole,  pivoted  vertically,  and  having  mortises 
cut  about  its  centre  through  which  pass  long 
wooden  bars,  each  pivoted  at  its  centre  on  an 
iron  pin.  These  bars  carry  frames  at  their  ex- 
tremities, each  of  which,  in  their  turn,  holds, 
say,  eight  wicked  rods.  The  post  revolves,  and 
as  each  bar  w'ith  its  frame  passes  over  the  melt- 
ing pan,  it  is  pulled  down,  so  as  to  immerse  the 
wicks.  The  opposite  frame  restores  equilibrium, 
and  the  rotation  and  dipping  are  proceeded  with 
until  the  i)roper  weight  is  obtained,  which  is 
signalled  by  some  contrivance  on  the  post,  itself 
the  object  of  much  invention.  The  most  perfect 
apparatus  of  this  kind  was  patented  a  few  years 
ago,  and  worked  by  Price's  Candle  Company 
at  the  Inventions  Exhibition  in  Loudon  in 
1885. 

Rolled,  poured,  and  drawn  candles.  Rolled 
candles  are  now  almost  obsolete.  Formerly,  the 
larger  sizes  of  church  candles  were  made  by 
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'  rolling  '  a  cake  of  warm  wax,  kneaded  until  it 
was  plastic,  round  a  wick,  and  imparting  the 
necessary  smoothness  and  uniformity  by  means 
of  a  rolling-pin.  This  process  has  now  been 
entirely  superseded  by  that  of  pouring.  '  Drawing  ' 
is  resorted  to  only  in  the  ca!^c  of  small  sizes  and 
tapers.  In  pouring,  a  similar  apparatus  to  tliat 
used  in  dipping  is  employed,  but  instead  of  the 
wicks  being  dipped,  the  melted  wax  is  poured  over 
them  whilst  the  frame  is  kept  in  rotation  (fig.  1). 
In  tlie  larger  sizes  the  wicks  have  to  be  reversed 
from  time  to  time  to  ensure  a  uniform  thickness. 
The  workman  ascertains  the  correct  dimensions 
by  measuring  with  a  piece  of  tape.  After  every 
two  or  three  pourings,  according  to  the  weather, 
the  hoops  are  hung  in  a  current  of  air  to  cool. 
When  the  candles  arc  of  the  requisite  thickness, 
they  arc  severed  from  the  frame  and  placed  on  a 
smooth  marble  slab.  The  operator  then  rolls 
them  to  and  fro  under  a  board,  on  which  he  leans 


with  his  full  weight.  By  this  process,  which  re- 
quires much  skill  and  practice,  the  irregularities 
are  smoothed  away,  and  the  candles,  in  the 
hands  of  a  skilful  workman,  assume  the  evenness 
of  outline  of  moulded  candles,  with  a  peculiar 
softness,  indescribable,  though  unmistakable 
when  once  identitied.  The  ends  of  the  candles 
are  nosv  cut  clean  with  a  sharp  knife,  and  their 
tips  shaped  with  the  finger  and  a  small  strip  of 
wood. 

It  will  be  readily  seen  that  this  process,  which 
involves  much  skilled  labour,  must  render  wax 
candles  very  expensive.  They  are,  indeed,  the 
most  costly  form  of  illuminant  ;  so  that  but  few 
private  persons  can  or  will  afford  to  burn  them. 
Their  use  is  contined  to  churches  and,  to  a  less 
extent,  to  carriage  lamps,  in  which  formerly  no 
other  candle  could  be  employed,  by  reason  of  the 
strong  spring,  although  now  several  efficient 
substitutes  exist  and  are  coming  into  favour. 

To  understand  the  favour  which  wax  con- 
tinued to  enjoy  long  after  the  introduction  of 
stearin  and  paraffin,  which  are  not  only  much 
cheaper,  but  give  a  better  light,  we  must  take 
several  circumstances  into  account.  The  first 
and,  doubtless,  the  most  cogent  fact  lies  in  the 
slia.  p  contrast  which  formerly  obtained  between 
wax  and  tallow,  a  contrast  which  finds  mention 
in  many  a  tale  of  social  life,  even  as  far  back  as 
the  times  of  Haroun  Aliaschid.  The  caudle  at 
one  period  was  absolutely  the  only  means  of 
illumination  available,  and  formed  a  very  con- 
siderable item  in  the  household  expenses.  As 
only  the  rich  could  afford  this  luxury,  the  was 
candle  became  intimately  associated  with  the 
other  signs  of  wealth,  as  essential,  indeed,  as 
arms  or  silver  plate.  Tlie  introduction  of  sper- 
maceti in  the  middle  of  the  last  century  greatly 
influenced  the  use  of  wax,  and  this  was  quickly 
followed  by  the  adoption  of  gas  in  houses. 
Within  the  last  few  years  the  electric  light  has 
replaced  both  wax  and  spermaceti  in  houses 
where  for  centuries  no  other  light  was  known  ; 
and  before  long  a  wax  candle  in  a  private  house 
will  be  as  rare  as  a  tinder  box. 

To  adapt  the  bees-wax  as  it  comes  from  the 
liive  to  the  requirements  of  the  chandler  but 
little  is  needed  beyond  the  ordinary  cleansing 
processes.  The  clean  wax  is  run  from  the  copper 
over  a  rapidly  rotating  drum  into  cold  water, 
by  wliich  moans  it  becomes  divided  into  fine 
shavings.  These  are  exposed  to  the  influences 
of  sun  and  air  for  several  weeks,  with  occasional 
re-meltings  and  pourings,  after  which  the  now 
cream-white  wax  is  ready  for  use. 

Drawn  candlvs  are  made  by  drawing  a  con- 
siderable length  of  wick  through  a  pan  of  wax 
(fig.  2),  maintained  at  a  regulated  temperature  by 
fire  or  steam.  The  wick  is  wound  from  one  drum 
on  to  another.  As  it  leaves  llieiian  it  traverses  a 
plate  perforated  with  holes  increasing  from  half 
an  eighth  to  half  an  inch  in  diameter,  whereby  the 
superfluous  wax  is  stripped  olT,  the  coated  wick 
as  it  emerges  being  of  the  diameter  of  tlie  hole. 
When  the  wick  is  all  wound  olT,  the  drums  are 
reversed,  the  end  of  the  coated  cotton  passed 
through  the  hole  next  in  size,  and  the  operation 
continued  till  the  requisite  size  is  obtained. 
This  is  seldom  over  half  an  inch,  as  the  risk  of 
cracking  increases  considerably  with  the  diameter 
of  the  cable.    In  fact,  this  process  is  resorted  to 
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mainly  for  manufacturing  '  spills  '  or  lighting- 
wicks  and  the  little  tapers  used  for  decorating 
Christmas-trees,  but  here  also  stearin  in  the  first 
and  paraUin  in  the  last  have  gradually  displaced 
wax. 


Fig.  2. 


Mould  mjjfZZcs.— Before  describing  the  manu- 
facture of  mould  candles — the  chief  variety  of 
candle  now  made — it  is  necessary  to  devote  some 
space  to  the  wide,  which  is  to  the  candle  what 
the  burner  is  to  the  gas.  Till  about  1820,  the 
only  wicks  used  were  made  of  twisted  cotton  yarn, 
still  to  be  seen  in  tallow  dips.  No  means  for 
consuming  the  wick  being  employed,  snutfors 
had  to  be  used  to  remove  the  charred  and  glow- 
ing end.  Several  expedients  were  devised  to 
bring  the  wick  automatically  into  contact  with 
the  air,  and  thus  cause  it  to  be  consumed  as  the 
candle  burnt.  The  best  of  these  consisted  in 
twisting  the  wick  round  a  rod,  and  while  in  a 
state  of  tension,  coating  one  side  with  size  or 
other  stiffening.  This  imparted  a  tendency  to 
turn  outwards  and  curl  over,  which  to  a  great 
extent  obviated  the  use  of  snuffers.  Mr.  Palmer 
invented  a  simple  means  for  achieving  the  same 
result  more  thorotighly.  He  introduced  a  fine 
thread  coated  with  metallic  bismuth  into  the 
substance  of  the  wick,  which  thread  he  called 
the  '  doctor.'  When  ignited,  the  easily  fusible 
metal  formed  a  globule  on  the  end  of  the  cotton, 
which  by  its  weight  bent  the  wick  out  of  the 
flame  into  the  air,  when  the  oxygen  could  com- 
bine with  the  incandescent  carbon,  whilst  the 
bismuth  was  volatilised.  So  successful  was  this 
device,  that  Palmer's  '  Metallic  Wick  '  candles 
achieved  great  popularity,  especially  for  burning 
in  candle-lamps,  for  which  largo  candles  some- 
times weighing  two  pounds  were  employed. 

But  the  introduction  of  '  braided  '  or  '  plaited  ' 
wicks  by  Cambeceres  rendered  such  precau- 
tions unnecessary,  the  fiat  form  of  the  wick,  as 
now  made,  imparting  a  sufficient  tendency  to 
curve.  Now  all  except  tallow  candles  are  pro- 
vided with  these  cores. 

Before  the  wick  can  be  used  by  the  candle- 
maker,  it  has  to  be  '  pickled,'  i.e.  soaked  in  a 
solution  of  certain  chemicals,  which  vary  with 
the  nature  and  purpose  of  the  cotton.  In  fact, 
the  preparation  of  these  solutions  forms  one  of 
the  chief  items  in  a  good  candle-maker's  educa- 
tion, and  to  carry  it  out  thoroughly  demands  no 
little  chemical  knowledge.  For  the  wick  itself 
varies  much  in  its  composition,  especially  as  re- 
gards the  percentage  of  mineral  matter.  The 
pilait,  too,  will  vary  in  tightness,  however  care- 
fully woven.  Then  again,  a  isaraffin  candle  re- 
quires a  tight  plait,  to  check  a  too  rapid  supply 
of  the  liijuid  fuel.  A  wax  or  sperm  candle,  on 
the  other  hand,  where  the  melted  material  is  less 
mobile,  or  has  a  less  tendency  to  smoke,  needs 
a  loose  texture.  The  nature  of  the  combustible, 
its  melting-point,  viscidity,  and  burning  powers  ; 


the  composition  of  a  suitable  material  from 
several  sources,  the  selection  of  a  wick  that  in 
number  of  threads,  structure,  and  substance  is 
adapted  to  the  special  material  chosen,  the  sub- 
sequent treatment  of  this  with  such  salts  as 
will  correct  or  enhance  its  tendencies  ;  these  are 
some  of  the  points  which  must  be  considered 
before  proceeding  with  the  more  mechanical 
operations. 

The  wicks,  which  arrive  at  the  factory  from 
the  cotton-spinner's  in  hanks,  are  placed  two  or 
three  days  before  being  wanted  in  the  appro- 
priate solution.  Of  these  solutions,  the  object 
is  to  counteract  either  '  ashing  '  or  '  smoking,' 
two  great  evils  to  which  the  candle  is  liable. 
Borax,  nitre,  sal  ammoniac,  potassium  chloride 
or  chlorate,  and,  more  rarely,  phosphorus  com- 
pounds, are  the  principal  salts  employed  for  this 
purpose ;  though  almost  every  manufacturer  has 
his  own  receipt.  The  proportion  of  the  salt  to 
water  is  usually  about  2  oz.  to  1  quart.  The  wicks 
are  steeped  in  the  solution  for  about  twenty-four 
hours,  after  which  they  are  placed  on  a  perforated 
shelf  to  drain  off  the  bulk  of  the  liquid  and  then 
transferred  to  a  centrifugal  machine  rotating  at 
a  speed  of  nearly  1,000  revolutions  a  minute, 
where  the  residual  water  is  expelled  without  the 
slightest  torsion  or  other  disturbance  in  the 
structure  of  the  threads,  which  would  be  almost 


Fig.  3. 


inevitable  in  any  other  process.  The  hanks, 
still  slightly  damp,  are  placed  in  a  cupboard 
heated  by  steam,  and  finally  hung  up  in  an 
airy  room  until  required.  The  amount  of  salt 
remaining  in  the  fibre  must,  of  course,  be  very 
small,  but  it  is  quite  sufficient  to  influence 
materially  the  burning  of  the  candle.  The  wick 
is  next  transferred  to  the  spools,  from  which  it 
passes  to  the  machine.  This  task  is  performed 
by  boys,  who  wind  the  wick  off  the  hanlv  pre- 
viously stretched  on  a  circular  rotating  frame, 
on  to  '  spools  '  or  bobbins  on  spindles  (fig.  3). 
As  they  wind,  they  let  the  wick  run  through 
their  fingers,  to  detect  any  knots  or  other  irregu- 
larities, which  might  interfere  with  the  burning 
of  the  candle.  The  spools  are  now  ready  for 
transport  to  the  machine.  The  old  '  hand-frame,' 
the  forerunner  and  nucleus  of  the  j^resent  compli- 
cated apparatus,  consists  of  a  cluster  of  pewter 
moulds  held  together  by  wooden  collar,;  at  either 
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end.  Each  mould  is  traversed  longitudinally 
by  a  wick,  which  is  secured  by  a  peg  at  the  top 
and  wire  at  the  base,  and  it  has  to  be  iirovided 
■with  a  little  loop  of  cotton,  through  which  a 
wire  is  passed. 

The  butt-ends  of  the  moulds  open  into  a 
trough  about  two  inches  deep.  Into  this  the 
hot  material  is  poured  until  it  is  quite  filled,  and 
the  whole  frame  is  then  placed  in  a  tank  of 
water,  the  temperature  of  which  varies  with  the 
description  of  candle,  as  will  be  explained  pre- 
sently. When  quite  cold,  the  candles  are  re- 
moved from  the  pi^jcs  by  simply  inverting  the 
frame,  the  cake  of  superfluous  wax  having  been 
previously  scraped  olT,  and  the  wires  and  pegs 
withdrawn.  As  the  pipes  are  made  slightly 
conical,  and  as  the  substance  shrinks  in  cooling, 
there  is  seldom  any  dilliculty  in  emptying  the 
frame;  or  if  one  or  two  of  the  candles  should 
refuse  to  leave  the  moulds  a  slight  tap  with  a 
mallet  speedily  loosens  them.  This  method  is 
obviously  slow  and  cumbrous,  and  were  it  not 
that  some  people  will  have  hand-made  goods, 
also,  that  a  few  odd  sizes  for  which  it  would  not 
be  worth  while  to  keep  special  machines  can 
o'nly  be  made  in  hand-frames,  there  would  not 
be  a  frame  in  a  factory.  A  hand-frame  can  be 
filled  and  emptied,  at  quickest,  once  an  hour, 
■while  a  machine  will  do  thrice  the  amount  of 
work  in  the  same  time. 


Fig.  4  represents  a  candle-machine  of  re- 
cent manufacture,  for  making  ca-.idlcs  with 
ordinary,  i.e.  not  self-fitting,  ends.  It  consists, 
mainly,  of  a  metal  tank  (o)  in  wdiich  the  pipes  are 
fixed  with  their  butts  opening  in  a  trough  and 
their  tips  emerging  below.  The  tips  are  not  of 
one  piece  with  the  moulds,  but  can  slide  up  and 
down,  fitting  water-tight  when  drawn  home. 
The  motion  is  communicated  by  pistons  (p),  to 
which  the  tips  are  soldered,  and'which  are  per- 
forated longitudinally. 

The  wicks  wound  on  the  spools  before-men- 
tioned, which  rotate  on  a  series  of  spindles  at 
the  base  of  the  machine,  pass  up  these  per- 
forations D.  The  tanks  a  which'  surround  the 
pipes  are  connected  with  hot  and  cold  water 
cistei-ns,  or  preferably  with  cold  water  and  steam. 


I  To  commence  the  operation  the  wicks  are  drawn 
througli  the  pistons,  tips,  and  pipes,  and  tempo- 
rarily secured  in  the  troughs.  These,  and  the 
moulds  opening  into  them,  are  now  filled  roughly, 
merely  tj  afford  a  starting-point  for  the  wick, 
and  emptied  as  soon  as  the  material  is  cold.  To 

'  effect  this  the  trough  is  scraped  clear  with  a 
spud,  after  which  the  handle  k  is  slowly  turned. 
This  by  means  of  rack  and  pinion  gear  im- 
jDarts  a  vertical  motion  to  the  pistons,  which 
mount  up  the  pipes,  carrying  the  duitmiy 
candles  with  them,  and  unwinding  the  wick 
from  the  spools.  As  the  candles  emerge  from 
the  pipes  they  are  received  in  a  clamp  frame  c, 
which  is  held  open  by  a  spring  handle.  When 
the  tips  are  clear  of  the  trough  the  clamp  is 
closed,  gripping  the  candles  firmly.  The  handle 
is  now  turned  the  reverse  way,  causing  the 
pistons  to  descend  in  the  moulds  till  the  tips 
close  the  ends  securely.  Thus  the  wicks  are 
left  in  the  centre  of  the  pipes,  held  by  the  dum- 
mies above  and  the  spools  below.  The  next  step 
depends  on  the  nature  of  the  material  used.  If 
stearin  candles  are  to  be  made  the  tanks  are 
charged  with  tepid  water,  the  temperature  of 
which  the  operator  determines  by  his  hand  in 
preference  to  other  methods.  The  reason  for 
this  precaution  depends  upon  the  highly  crystal- 
line structure  of  stearic  acid,  which  renders  it 
liable  to  crack  if  chilled  too  suddenly,  or  to  crys- 
tallise if  cooled  too  slowly,  whereby  the  appear- 
ance if  not  the  structure  of  the  candle  would 
be  impaired.  On  this  account  also  the  melted 
stearin  is  stirred  while  in  the  melting  pans  till 
it  assumes  the  consistency  and  appearance  of 
gruel,  in  which  state  it  is  transferred  to  the 
'jacks,'  and  thence  to  the  moulds.  When  these 
are  full  they  are  allowed  to  rest  about  twenty-five 
minutes  until  they  are  sutViciently  hard  to  permit 
of  their  being  willidrawn  without  fracture.  The 
troughs  are  not  scraped  in  this  case,  as  the  tops 
are  hard  enough  to  act  as  clamps  if  supirorted 
on  side  pieces.  As  soon  as  the  pipes  are  filled 
again  and  the  material  set  enough  to  hold  the 
wick  without  extraneous  aid,  the  upper  row  of 
candles,  often  whilst  still  hot,  is  removed  into  the 
air,  where  they  cool  and  bleach.  This  tendency 
of  stearin  to  crack  was  a  great  obstacle  to  the 
success  of  these  candles  when  they  were  first  in- 
troduced.   Among  the  various  devices  emidoyed 

I  to  overcome  the  defect  was  that  of  stirring  a 
small  proportion  of  arsenic  into  the  melted 
stearin.  This  certainly  broke  the  grain,  but  it 
was  of  course  dilTused  into  the  air  on  burning 
the  candles.  When  this  became  generally  known 
the  prejudice  against  stearin  was  such  as  to 
affect  the  success  of  the  new  substitute  for  tal- 
low, and  to  this  day  stearin  candles  enjoy  but  a 
comparatively  limited  popularity  in  this  country. 

Paraffin  candles,  on  the  other  hand,  are  al- 
most unknown  on  the  Continent,  whilst  stearin 
is  universally  burnt ;  but  when  in  1S51  James 
Young  obtained  from  shale  oil  a  pure  white 
paralliii,  which  was  subsequently  made  into  can- 
dles under  a  patent  of  J.  K.  Field,  the  immediate 
popularity  of  the  novel  illuminant  left  little  doubt 
as  to  what  would  be  the  material  of  the  candle 
of  the  future.  Still,  even  the  most  enthusiastic 
optimist  of  that  day  would  have  hesitated  before 
acce))tiiig  the  jsrophecy  which  to-day  has  seen 
accomplished,  that  paraffin  candles  would  bo 
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sold  at  half  the  price  of  tallow  dips,  and  that 
the  costeinionger  would  be  able  to  illuiiiiiiate 
his  barrow  and  the  driver  his  cab  with  a  brighter 
light  and  drawn  from  a  handsomer  candle  than 
was  formerly  within  the  rich  man's  reach. 

The  main  diliiculty  experienced  in  beginning 
the  manufacture  of  paratlin  candles  arose  from 
want  of  precaution  in  regulating  the  temperature 
while  casting.  The  same  machine  can  be  em- 
ployed for  either  paratlin  or  stearin  candles,  but 
when  paraffin  is  about  to  be  used  the  water  in  the 
tanks  is  raised  to  a  temperature  of  nearly  '20  J  -F., 
by  passing  steam  through  the  pipe.  Also  the 
parallin  itself  is  heated  to  about  170°- 180°  F., 
and  poured  in  a  highly  mobile  state.  When  the 
jjipes  are  filled  the  hot  water  is  discharged  from 
the  tanks  and  cold  water  immediately  intro- 
duced, thus  suddenly  chilling  the  lluid  material. 
If  the  exact  point  be  missed  failure  will  result. 
Thus,  if  the  pipes  are  colder  than  the  inflowing 
paraffin  it  will  congeal  as  it  touches  the  metal, 
assuming  a  dull,  striated  aspect.  On  the  other 
hand,  if  the  moulds  are  suffered  to  cool  slowly 
the  candles  will  shrink  on  to  instead  of  from  the 
walls,  and  will  be  injured  in  extraction,  if  indeed 
they  can  be  withdrawn  at  all  without  being 
melted  out.  When  the  operation  is  properly 
carried  out,  and  the  pipes  are  not  worn  with 
usage,  and  if,  further,  the  paraffin  is  highly  re- 
fined and  of  a  high  melting-point,  the  candles 
leave  the  moulds  with  a  lustre  which  hardly 
diminishes  by  ordinary  handling.  This  lustre, 
combined  with  the  translucency,  snowy  white- 
ness, and  ready  adaptability  to  ornament  in 
shape  and  colour,  gives  paraffin  the  jji-e-emi- 
nenceover  all  other  materials  for  candle-making. 
It  has,  however,  its  disadvantages.  The  readi- 
ness with  which  it  liquefies  by  heat  gives  a  ten- 
dency to  'gutter'  to  even  the  best  paraffin 
candles.  Moreover,  paraffins  have  the  peculiar 
property,  which  is  independent  of  their  melting- 
points,  of  becoming  plastic  after  exposure  to  a 
moderate  degree  of  heat.  The  time  required  to 
develop  this  tendency  varies,  it  is  true,  with 
the  hardness  or  fusibility  of  the  paratlin,  which 
ranges  from  105°F.  to  140°F. ;  but  even  ozokerit, 
which  is  often  wrought  up  to  142-3°F.,  is  affected 
by  protracted  heat.  The  inferior  varieties  of 
these  candles,  from  the  ease  with  which  their 
substance  melts,  are  very  prone  to  smoke  ;  the 
wick  is  apt  to  be  too  abundantly  supplied  with 
fuel,  and  is  consequently  chilled  below  the  point 
at  which  complete  combustion  can  take  place. 

By  judiciously  mixing  stearin  and  paraffin 
the  candle-maker  is  able  to  obviate  many  of  the 
defects  of  the  substances  whilst  retaining  their 
advantages.  Such  candles  as  petro-stcarine, 
paliuitine,  and  other  pox^ular  varieties,  are  made 
on  this  principle. 

One  of  the  greatest  improvements  of  the  last 
quarter  of  a  century  in  candle-making  is  the 
si'If-fitting  end,  by  which  simple  device  a  candle 
will  lit  any  normally  constructed  sconce  without 
scraping  or  using  paper,  or  other  expedient  to 
enlarge  or  diminish  the  butt.  The  self-fitting 
end,  patented  in  1864  by  J.  L.  Field,  is  now  in 
universal  use.  Fig.  5  will  give  an  idea  of  the 
conical  butt,  while  fig.  (5  represents  the  machine 
patented  by  E.  Cowlesfor  its  manufacture.  The 
difficulty  to  be  overcome  lies  in  the  butt  project- 
ing beyond  the  stem  of  the  candle,  which  renders  j 
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the  ordinary  method  of  withdrawal  impracti- 
cable.   To  meet  this,  the  butts  are  cast  in  a 
separate  frame,  which  can  be  fitted 
to  or  removed  from  the  i^ipes  at  fi 
will.    When  the  machine  is  to  be  /(i 
filled  the  butt  frame  is  lowered  by  /(I 
the  chain  till  the  butts  rest  upon  |l 
and  fit  tightly  into  their  respective  j 
pipes.    The  wicks  are  then  drawn  I 
through  the  butt  moulds  with  a  wire  |i 
and  clamped  in  a  centric  position,  ^,J|j 
after  which  the  filling  is  proceeded  \\\W 
viith  in  the  usual  manner.  When 
cold  the  wicks  are  cast  loose,  the     Fig.  5. 
tops  scraped  off,  and  the  upper  frame 
hoisted  off  the  butts  as  intheengraving,the  opera- 
tion being  concluded  as  before.   It  will  be  noticed 
that  this  apparatus  precludes  running  a  continu- 
ous wick,  as  in  the  making  of  plain  ends  ;  and  in 
a  large  factory  a  serious  loss  is  incurred  in  the 
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course  of  the  year  by  the  inch  or  two  ot  wick 
snipped  off  at  each  operation.  A  very  ingenious 
machine  for  saving  this  waste  is  also  due  to  Mr. 
Cowles,  who  invented  a  split  bed-plate  holding 
the  butts.  When  ready  for  withdrawal  the  butt 
moulds  are  raised  and  opened  out  by  a  simple 
lever  motion,  and  the  candles  can  thus  be  passed 
through  without  further  trouble  (tigs.  7  and  8). 

Another  improvement,  wliiclr  has  found  more 
favour  on  the  Continent  than  with  us,  consists 
in  perforating  the  stem  of  the  candle  longitudi- 
nally so  as  to  afford  an  internal  escape  for  any 
grease  which  would  otherwise  have  guttered 
down  the  outside.  The  up-draught  of  air  which 
takes  place  m  the  tubes  has  a  tendency  to  en- 
sure more  perfect  combustion.  By  reason  of  the 
j  hardness  re(juired  in  their  manufacture  these 
j  candles  must  be  made  with  stearin. 

E  E 
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Much  art  has  been  expended  on  the  orna- 
mentation of  candles.  Before  the  introduction 
of  aniline  dyes,  candles  were  coloured  with  such 
pigments  as  vermilion,  ultramarine,  and  verdi- 
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gris  ;  these,  besides  causing  a  dull,  heavy  appear- 
ance, ruined  tlie  wick  by  choking  it  with  incom- 
bustible matter.  In  wax  candles  this  evil  was 
minimised  by  coulining  the  colour  to  the  last 


translucent  parafiDn,  however,  did  not  admit  of 
this  device.  Parafli  n  candles  are  now  coloured  with 
the  so-called  coal-tar  dyes  by  dissolving  the  dye 
in  a  small  proportion  of  stearin,  which,  when 
added  to  the  parallin,  colours  it  to  any  desired 
shade.  Of  ornamented  candles  (fig.  9),  one  of 
the  most  popular  forms  is  the  '  cable  '  or  spiral 
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coating,  which,  owing  to  the  opacity  of  the  wax, 
gave  the  appearance  of  a  candle  coloured  throuRh- 
out  with  but  slight  effect  on  the  burning.  The 


Fig.  9. 

pattern.  This  form,  as  patented  by  Field,  was 
made  by  turning  the  plain  candle  in  a  lathe  of 
coniplicaled  structure,  which  could  fashion  over 
thirty  different  sizes  and  patterns  of  candles,  e.g. 
cabled,  spiral,  fluted,  striped,  &c.  By  grooving 
out  continuous  patterns,  replacing  the  candle  in 
its  mould,  and  running  in  coloured  stearin,  a 
number  of  fanciful  devices  were  obtained,  each 
of  which  had  their  period  of  popularity.  Tlie 
'  King  Alfred's  candle  '  where  the  stem  is  divided 
by  grooves  of  this  kind  into  sections  burning  an 
hour  each,  still  enjoys  favour. 

The  demand  for  cabled  candles  is  now  so 
large  that  they  are  made  in  moulds,  the  pistons 
while  ascending  being  caused  to  rotate,  so  as  to 
screw  the  candles  out  of  their  spiral  moulds. 

Night  lights  are  short  thick  cylinders  of 
some  one  or  another  of  various  fats  and  waxes,  in- 
closed in  paper  cases  and  furnished  with  small 
wicks  ;  their  object  being  to  give  a  constant  and 
lasting  rather  than  a  bright  light.  They  are 
usually  cast  direct  in  the  cases,  but  of  late, 
Trice's  Candle  Co.  have  adopted  the  jilan  of 
casting  the  cylinders  in  a  machine  similar  to  a 
candle  frame,  and  employing  a  material  so  hard 
(pressed  cocoa-nut  stearin)  as  to  retain  its  form 
in  hot  weather  without  external  support.  These 
litjhts  arc  burnt  in  glass  cups,  thus  shedding  their 
full  light  and  rendering  the  precaution  of  water 
imnccessary.  Another  very  popular  form  of  this 
illuminator  is  Clark's  'pyramid'  night-light, 
whicli,  as  its  name  indicates,  is  coniform.  In 
this,  the  material  employed  is  pressed  tallow  of 
great  purity,  and  the  wick  is  a  rush-pith  with 
two  lateral  strips  of  the  peel  left  adhering. 
These  turn  outwards  in  burning,  giving  a  neat 
and  shapely  ilame.  The  base  of  the  cone  is  a 
disc  of  plaster  of  Paris,  which  holds  the  wick 
upright  till  the  whole  of  the  fat  is  consumed  ;  a 
result  achieved  less  surely  in  the  other  kinds, 
where  the  wick  is  of  '  inkle  '  (flax),  held  by  a  little 
strip  of  tin,  into  which  the  base  of  the  wax  fibre 
is  fixed. 

The  strides  made  in  gas  and  electric  illumina- 
tion have  not  materially  alYected  the  prosperity 
of  candle  numufactures.  On  the  contrary,  every 
year  sees  a  considerable  increase  in  the  number 
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of  candles  made.  The  amount  of  paraffin  worked 
up  in  Great  Britain  alone  in  the  year  1887  could 
not  have  been  much  under  35,000  tons,  judging 
from  the  outputs  of  the  great  Scotch  companies. 
Price's  Company  turn  out  over  00,000,000  night- 
lights  in  a  year,  and  other  firms  contribute  their 
proportion,  while  stearin  and  other  candles  are 
made  in  immense  quantities,  one  firm  alone 
working  about  2,000  tons  of  tallow  annually. 

L.  r. 

CANDLE-NUT  is  the  fruit  of  the  candleberry 
tree.  Ah: ii rites  trihtba,  belonging  to  the  family 
of  spurgcworts  or  Eupliorhiawa.  The  tree 
attains  the  height  of  30  or  40  feet,  and  is  a 
native  of  the  Moluccas  and  South  Pacific  Isles, 
but  is  cultivated  in  many  tropical  countries.  In 
India  it  is  known  as  Indian  akhrout.  The  fruit 
of  A.  triloba  is  two-celled,  fleshy,  olive-coloured, 
and  about  two  and  a  half  inches  in  diameter. 
Each  cell  contains  one  nut  resembling  in  appear- 
ance and  taste  a  small  walnut,  the  shell  of  which 
is  very  hard.  The  kernels  having  been  dried 
are  threaded  on  reeds,  thus  forming  a  candle  ; 
several  of  these  candles  being  wrapped  in  a 
leaf  of  pandanus  or  screw-pine  form  a  torch. 
The  expressed  oil  of  the  candle-nut  is  known  as 
eboc  oil,  country  walnut  oil,  and  artist's  oil.  It 
is  palatable,  but  is  chiefly  used  by  painters  as  a 
drying  oil.  The  Cingalese  tenn  it  kekune,  and 
the  Sandwich  Islanders  kukui.  It  is  said  to  be 
used  by  the  latter  as  a  mordant  to  their  vege- 
table dyes.  The  refuse  from  the  oil  press  is 
given  to  the  cattle  as  food.  It  is  imported  into 
the  British  Isles,  but  only  to  a  limited  extent. 

CAN  ELLA  B.lRK.  The  dried  bark  of  Canclla 
alba,  obtained  from  Florida  and  the  West  Indies 
in  large  bufli-coloured  quills  or  pieces  of  about  an 
inch  broad.  Has  a  bitter  pungent  acrid  taste 
and  odour  of  a  mixture  of  cloves  and  cinnamon, 
due  to  a.  volatile  oil  containing  eugenic  acid 
which  is  also  found  in  oil  of  cloves.  The  bark 
contains  a  bitter  principle,  canellin,  together 
with  resin,  mannite,  and  starch.  Used  in 
medicine  as  an  aromatic  bitter  and  tonic,  and  in 
rheumatism  and  gout. 

CANELLE  or  BISMARCK  BROWN  v.  km- 

COLOUIilNG  MAl'TKIiS. 

CANNABIN  or  INDIAN   HEMP  RESIN  v. 

Resins. 

CANNABINENE  v.  Eesins. 

CANNABIS  INDICA  v.  IIesins. 

CANTH?.RIDES.  Spanish  flics  (Gantharis 
vesicatitria).  Dried  coleojiterous  insects  used  in 
medicine,  in  the  form  of  plasters,  tincture,  lini- 
ments, etc.,  on  account  of  their  vesicating  pro- 
perties, due  to  a  peculiar  acrid  principle,  can- 
tharidin. 

Employed  also  as  a  stimulant  diuretic,  as  an 
aphrodisiac,  and  as  an  emmenagogue.  Obtained 
principally  from  Hungary,  Russia,  and  the  South 
of  France. 

Cantharidin  C|JI|.,0,  is  oljtaincd  by  treating 
the  powdered  insects  with  chloroform  or  ether, 
and  evaporating  the  extract  and  treating  the 
residue  with  carbon  bisulphide  to  remove  fat ; 
or  by  mixing  the  cantharides  with  water  and 
magnesia  ;  drying,  treating  with  dilute  sulphuric 
acid,  and  extracting  with  ether.  Crystallises  in 
trimetric  plates,  melts  at  218°,  but  begins  to 
sublime  at  85\  It  is  tasteless  and  inodorous  ; 
blisters  the  skin  strongly,  especially  when  in 


solution  or  mixed  with  fat.  Appears  to  be  the 
lactone  of  cantharidic  acid  C,„H, ,0,,,  the  alka- 
line salts  of  which  may  be  obtained  by  heating 
cantharidin  with  acjueous  solution  of  potash  or 
soda. 

CANTON'S  PHOSPHORUS  v.  C.vlcidm. 

CAOUTCHOUC  V.  IxniAKiiiiuEn. 

CAOUTCHOUC  OIL.  An  oil  which  has 
proved  eiiicient  in  preventing  rust.  It  is  spread 
with  a  piece  of  flannel  in  a  very  thin  layer  over 
the  metallic  surface  which  is  to  be  pireserved, 
and  allowed  to  dry.  To  remove  it,  the  article 
has  simijly  to  be  treated  with  caoutchouc  oil 
again,  and  washed  after  twelve  to  twenty-four 
hours  (S.  C.  I.  1,  315). 

CAPSICUM  RESIN  v.  Rksins. 

CAPRIC  ACID  or  DECOIC  ACID  v.  Fatty 

ACIDS. 

CAPROIC  ACID  or  HEXOIC  ACiD  v.  Fatty 

ACIDS. 

CAPRYLIC  ACID  or  OCTOIC  ACID  v.  Fatty 
ACins. 

CAPSAICIN  V.  Rksins. 

CAPUT  MORTUUM.  A  term  employed  by 
the  alchemists  to  denote  the  residue  remaining 
in  the  retort  or  alembic  after  the  volatile  matter 
had  passed  awav. 

CARAGHEEN  MOSS.  Irish  pearl  moss 
[Cliondriis  crispiis)  ;  r.  C.AniiAiiEioN  ;  Ar.ci.n. 

C<\RAJURU,  CARCURU,  cir  CRAJURU.  A 
Brazilian  dyestuff  of  a  red  colour,  said  to  be 
identical  with  cliica-red,  used  by-certain  Indian 
tribes  to  stain  their  skins,  and  which  is  obtained 
from  the  leaves  of  the  Bignonia  Cldca.  It  is  a 
light,  mealy,  odourless,  tasteless  powder,  which 
acquires  a  coppery  lustre  on  trituration.  In- 
soluble in  water,  but  soluble  in  alcohol,  ether, 
and  alkalis  (Virey,  J.  Ph.  1844,  151). 

CARAMEL.  The  brown  substance  produced 
by  tlie  action  of  heat  on  sugar  or  glucose,  and 
used  for  colouring  liquors,  sweetmeats,  and 
gravies. 

Properties. — Amorphous,  dark  brown,  brittle 
mass  ;  porous  and  deliquescent ;  completely  so- 
luble in  water,  partially  soluble  in  alcohol ;  of 
a  bitter  taste  and  non-fermentable,  but  often 
contains  unaltered  sugar,  which  gives  it  a  sweet 
taste  and  renders  it  fermentable.   Melts  at  about 

100 -c. 

Preparation.  —Common  sugar  is  heated,  with 
constant  stirring,  in  a  metal  pan  capable  of  con- 
taining about  ten  times  the  quantity  taken,  till 
the  whole  mass  melts,  turns  brown,  and  at  last 
suddenly  froths  up,  when  the  heat  must  be  im- 
mediately stopped.  During  the  heating  much 
water  and  a  little  acid  escape,  but  no  permanent 
gas.  Kot  more  than  15  x).c.  of  the  weight  of 
the  sugar  should  be  driven  off,  as  the  product  is 
liable  to  become  insoluble  if  further  heated. 

For  preparation  of  caramel  colours,  Asrymusry . 
recommends  the  following  processes  (long  kept 
secret) : 

Gohnir  for  rum. 
Potassium  or  sodium  hydrate       .    3  kilos. 
Water  6  „ 

Or  potassium  or  sodium  carbonate    4  ,, 

Water  8  „ 

Dissolve  with  heat  in  large  iron  pan,  and  add 

Glucose  120  kilos. 

Or  syrup  of  glucose  .       ,       .    130  ,, 
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Boil  over  the  fire  till  irritating  vapours  begin  to 
appear,  tlion  decrease  the  heat  and  stir  con- 
tinuously till  the  required  shade  is  produced, 
then  stop  the  process  by  adding  30  to  40  litres 
of  water  in  a  fiuo  jet. 

Colour  for  beer  or  vinegar. 
Ammonium  carbonate      .       .       G  kilos. 

Water  G  ,, 

Glucose  120  „ 

Process  exactly  as  above. 

Detection  of  caramel  in  wines,  £c. — 10  c.c.  of 
the  liquid  to  be  tested  is  mixed  with  30  to  50  c.c. 
of  paraldehyde,  and  enough  alcohol  added  to 
make  the  liquids  mix  ;  if  caramel  is  present,  it 
forms  a  dirty-brown  precipitate  sticking  to  the  j 
bottom  of  the  vessel ;  the  solution  is  poured  off, 
the  precipitate  w-ashcd  with  alcohol  dissolved 
in  a  little  hot  water,  and  the  solution  evaporated 
to  1  c.c,  when  difterent  quantities  of  caramel 
may  be  compared  by  comparison  of  colours  to 
confirm ;  this  solution  is  mixed  with  one  of  2 
parts  hydrochloride  of  phenylhydiazine  in  20  I 
of  water,  with  excess  of  acetate  of  soda.  Caramel 
yields  an  amorphous  bi"own  precipitate. 

RotKjh  test  for  caramel  in  beer. — Add  a 
quantity  of  tannic  acid,  and  shake  thoroughly. 
If  malt  only  is  present,  the  colour  is  precipi- 
tated.   Caramel  colour  remains  unchanged. 

Little  is  known  of  the  chemistry  of  caramel. 
Gelis  separated  it  into  three  amorphous  sub- 
stances, caramelanc,  carainelene,  aiul  caravicl- 
ine,  dilTering  in  solubility  and  colouring  power, 
but  not  of  fixed  composition. 

CARANNA  V.  Oleo-iiesins. 

CAKAPA  BARK.  The  bark  of  Carapa 
Cuiaiicnsis,  a  meliaceous  tree  found  in  Guiana 
and  Hispaniola  ;  has  a  bitter  taste,  and  is  used 
as  febrifuge.  Said  to  contain  an  alkaloid,  cara- 
pine  (Petroz  and  Eobinet,  J.  Ph.  7,  2'.)3,  349). 

The  kernels  of  C.  Gniaricnsis  yield  by  pres- 
sure a  bitter  fat  oil,  used  by  the  Indians  for  pro- 
tecting the  skin  against  the  punctures  of  insects  ! 
(Cadet,  .1.  Ph.  5,  41) ;  BouiUav,  J.  Ph.  7,  293).  i 

CARBAMIC  ACID  CH.NO,  or  NH.COOH. 
Amidofonnic  acid.  An  acid  not  known  in  the 
free  state.  Ammonium  carbamate  is,  however, 
met  with  in  freshly  sublimed  commercial  ammo- 
nium carbonate,  and  may  be  prepared  by  mixing 
gaseous  ammonia  and  carbon  dioxide.  Obtained 
also  by  the  action  of  alkaline  solution  of  potas- 
sium permanganate  on  albumen,  leucine,  tyro- 
sine, and  glycocoll. 

CARBAZOLE  C,,H.,N  or  <^^"|J'>NH.  A 

white  ciystalline  substance  found  amongst  the 
pro;Uicts  of  the  distillation  of  coal-tar,  and  occa- 
sionally met  with  in  crude  anthracene.  May  be 
obtained  by  passing  vapour  of  aniline  or  di- 
phcnylamine  through  a  red-hot  tube,  or  by  boil- 

C  H  \ 

ing  imido-diphenyl  sulphide  HN<]^g''jj'^S  with 

reduced  copper.  Forms  white  lainina>,  m.p.  238°, 
b.p.  352". 

By  melting  together  carbazole  and  oxalic 
ncid,  and  extracting  with  hot  water  and  benzene, 
dissolvin<;  tlie  residue  in  warm  alcohol,  filtering 
and  evaporating,  carbazole  blue  is  obtained. 
The  alcoholic  solution  of  carbazol-e  blue,  when 
treated  with  glacial  acetic  acid  and  zinc-dust,  is 
decolourised.    Filtered  into  caustic  soda  solu- 


tion the  leuco-  base  separates  out  as  a  white 
flocculent  precipitate.  On  oxidation  with  any  of 
the  usual  reagents,  the  blue  colouring  matter  is 
again  formed.  On  the  basis  of  this  reaction, 
and  on  an  analysis  which,  however,  is  not 
entirely  satisfactory,  Bamberger  and  Miiller  con- 
sider the  compound  to  be  a  triphenylmethane 
deris'ative  of  the  formula 

 JL  ^ 

(HO).Ci(C„H..NH.C,H,),. 
(B.  20,  1,903-1,907;  S.  C.  I.  G,  GGO.)    V.  Di- 

PHENYL. 

C ARB  ODYN AMITE  r.  I  xplosives. 
CARBOHYDRATES.  {KohUnhydratc,  Ger.) 
C„H.j,„0„i  :  ji,  as  a  rule,  =G  or  some  whole  mul- 
tiple thereof,  and  m-5  or  G  or  some  whole 
multiple  of  them.  A  tenn  applied  to  a  large 
and  important  group  of  bodies  forming  ^xt  sc 
the  chief  constituents  of  plants,  and  existing, 
but  to  a  smaller  extent,  in  animals  and  animal 
products  ;  some  of  them  are  decomposition  pro- 
ducts of  other  organic  compounds. 

Classirication.—  'rheve  is  no  really  satisfac- 
tory classification  of  these  substances,  our  know- 
ledge being  at  present  not  sutliciently  extensive 
to  admit  of  such  ;  they  may,  however,  be  con- 
veniently grouped  as  follows  : 

Class  I.  Saccharans.  ?!C„H|„0..  Amorphous, 
soluble  in  water,  insoluble  in  alcohol  :  yielding 
directly  bodies  7iC„H|.0„  by  the  action  of  acids, 
no  intermediate  compounds  being  formed. 
a-.Vmylan.  Liivulan. 
/3-.\inylan.  Galaetans  o,  P,  y  and  8. 

Dextran.  Paragalactan. 
Class  II.  Saccharens,  »iCJIn,0^.  Possessed 
of  structure,  insoluble  in  water  and  alcohol ; 
yielding  C,.H...0,|  compounds  by  the  action  of 
acids  and  certain  ferments,  and  linally  C^H,^0^ 
by  action  of  acids. 

The  Celluloses.  Starch. 
Tunicin.  Inulin. 
Class  III.  Saccharins,  7iC,H,„0..  Amor- 
phous, soluble  in  water,  insoluble  in  alcohol ; 
yielding  by  the  action  of  acids  C|._.H.P||,  and 
"finally  C^H|.p^  bodies,  converted  by  certain  fer- 
ments into  C|.JI^O,,  bodies. 

Maltodextrin.      Dextrin-like  products 
The  Dextrins.  from  luulin. 

Glvcogen. 

Class  IV.    Saccharoses.    The  Sugars. 

Group  a,  iiC|..H_.,0|,,  Soccharons;  sweet 
tasted ;  crystallisable,  soluble  in  water  and 
alcohol  (not  absolute) ;  converted  by  acids  and 
some  by  ferments  into  C„H,..0„  bodies. 

Sucrose  (cane  sugar).    Trehalose  (Mycose). 

Maltose.  Mclezitose. 

Lactose  (milk  sugar). 

Synantliiose  (?) 

Mellitose  (Kallinose). 
Group  6,  i(C„H|_.0,|,  Glucoses.  Crystallis.able, 
but  with  greater  dilRculty  than  members  of 
group  a  ;  soluble  in  water  and  alcohol,  broken 
down  by  the  continuous  action  of  acids,  the 
products  being  no  longer  carbohydrates. 
FunncnUib'.c  by  Nou-ternieiitabic  by  Yeast 

Yeast 

Dextrose.  Sorbinose. 

T       ,  n   ^    „    ( Identical  with  Dextrose, 

L;evulose.  C  ocose  J  e.  r,,hcr  (B.  21,  9881 ; 
Galactose.     Phlorose.  ,  ^^^^^.^      j  ^^^^^  ^3^^^ 

Arabinose  (?). 
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Grou20  c,  C,H|.^0„.  Probably  aromatic  com- 
pounds having  little  or  nothing  in  common  with 
the  other  members  of  the  carbohydrate  group. 

Inosite     )  Identical,  Maquenne  Scyllit. 

Dambose.  I  (C.  E.  104, 1853-.55). 

Class  V.  Compounds  related  to  the  carbo- 
hydrates and  capable  of  yielding  these  substances 
by  the  action  of  acids,  and  some  of  them  by 
that  of  certain  ferments. 

Gums,  mucilages,  glucosides,  pectins. 

Tollens  (Die  Kohlenhydrate,  Breslau,  1888) 
classifies  the  carbohydrates  according  to  the 
number  of  C„  groups  contained  in  the  molecule. 
Starting  with  bodies  of  the  glucose  type, 
C^Hj.^O,;,  he  terms  them  wozosaccharides,  the 
saccharoses  of  the  cane-sugar  type,  C|.,H,.jO||, 
being  cZisaccharides ;  raffinose,  C,j,H3./0,,;,  or 
Cj^HeiOj.,,  would  be  a  ii'isaccharide  or  iic.ra- 
saccharide  according  as  the  molecule  contains 
three  or  six  groups  ;  Tollens  places  these  com- 
pounds among  the^joZ(/saccharides,the  molecular 
weights  of  which  are  unknown,  but  which  pro- 
bably contain  many  C„  groups. 

Scheibler  (B.  18,  GIG)  has  suggested  a  classi- 
fication of  the  sugars  which  is  also  based  upon 
the  relative  magnitude  of  the  molecules  ;  all 
sugars  being  described  as  saccharoses,  Scheibler 
proposes  to  alter  the  termination  of  the  word  in 
such  a  manner  as  to  indicate  the  size  of  the 
molecule.  The  simpler  sugars,  CJi|.p„,  would 
be  dextrose,  la;vulosc,  galactose,  &c.,  and  sugars 
of  the  cane-sugar  type,  C|,H2^,0|,,  saccharoi/ose, 
malto^iosf,  lactoiiosc,  while  raffinose,  C|„H.,^,0|,;, 
receives  the  syllable  <ri  before  the  termination, 
making  the  word  raffinotriose.  This  system  has 
not  hitherto  found  many  adherents. 

1.  General  characters. — All  the  members  of 
the  group,  except  those  mentioned  under  Class 
IV.  c,  when  submitted  to  the  continued  action 
of  sulphuric  or  hydrochloric  acid  yield  as  final 
products  brown  or  black  humous  substances, 
formic  acid,  and  hevulinic  acid  ;  this  latter  acid 
is  aceto-propionic  acid  CH^.CO.CHoCHj.COOH. 

2.  Certain  unorganised  ferments,  produced 
usually  during  the  process  of  germination  (malt- 
ing, (%c.),  and  acids  convert  some  of  the  members 
of  Class  II.  into  those  of  Class  III.,  and  finally 
into  those  of  Class  IV. ;  this  change  is  accom- 
panied by  the  fixation  of  one  or  more  water 
molecules. 

3.  The  power  of  reducing  solutions  (chiefly 
alkaline)  of  the  oxides  of  the  heavy  metals,  such 
as  those  of  gold,  platinum,  silver,  mercury, 
copper,  bismuth,  &c.,  in  some  cases  to  metals, 
in  others  to  lower  oxides,  is  possessed  by  all 
the  glucoses  and  by  some  of  the  saccharons, 
Class  IV.  a. 

4.  Solutions  of  all  the  carbohydrates  possess 
the  power  of  rotating  the  plane,  of  polarisation 
of  a  ray  of  light  (i.e.  are  oiitically  active)  ;  some 
rotate  to  the  right,  some  to  the  left,  the  intensity 
of  the  rotation  varying  with  the  substance,  the 
strength  of  the  solution,  and  the  refrangibility 
of  the  ray,  &c.  (v.  SACCHArajiETiiY). 

Mutual  relationships. — The  mutual  I'clations 
of  the  members  of  the  carl5ohydrate  group 
are  in  many  instances  fairly  apparent.  The 
amylans  are  hydrated  direcilij  to  dextrose  by 
the  action  of  acids ;  starch,  on  the  contrary, 
yields  the  intermediate  bodies,  dextrin  and  malt- 
ose, which  are  finally  converted  into  dextrose. 


The  final  product  of  the  action  of  acids  on  cellu- 
lose is  also  dextrose,  but  the  relation  of  cellulose 
to  the  starch  series  is  not  understood.  Dextran 
and  Irevulan  ma,y  be  the  saccharans  of  the 
sucrose,  or  cane-sugar  series,  but  bodies  corre- 
sponding to  starch  and  dextrin  are  at  present 
wanting  in  this  series. 

Sucrose  yields  Irevulose  and  dextrose,  and 
lactose  or  milk  sugar,  galactose  and  dextrose, 
and  in  this  way  other  members  of  the  group  are 
related. 

These  changes  may  be  expressed  by  the 
following  equations  : 
Hydrolysis  of 

Amylan  yields  Dextrose 

«(C„H,„0,)     -f    nU.fl    =  M(C,;H,,0,;) 

Starch       yields     Dextrin  and  Maltose 
?i,(C,H,„0,)  +  H.p  =  )»(C,H,„0,)-hC,„H„.0,, 
Dextrin      "  Maltose' 
«j(C„H,„0,)    +    H,0    =  C,,H,,0„ 
Maltose  yields  Dextrose 

C,,H,,,0,,     +     H.O      =  2C„H,,0„. 
Sucrose  (cane-sugar)  Dextrose  and  Livvulose 
C,,,H,„0,,  +  H,0  =  C,H,A  +  C,H,,0„. 
Although  this  equation  represents  the  gene- 
rally received  theory  of  the  decomposition,  there 
seems  to  be  some  doubt   of  its  correctness 
(H.  Winter,  C.  C.  1887,  1,373-1,374). 
Lactose  (milk-sugar)  yields 

Dextrose  and  Galactose 
C,,H,,0„  -f  H,0  =  C„H,,Os  -I-  C,H„0„. 
In  this  case  also  it  is  highly  probable  the 
reaction  is  not  so  simple  as  it  is  rei^rcsented  by 
the  equation. 

Inulin  yields  a  series  of  dextrin-like  sub- 
stances and  finally  laevulose  C,.H|./3,;.  The 
decomposition  appears  to  be  similar  to  that 
of  starch  (v.  siqjra).  See  also  DragendoriJ 
(Materialien  zu  einer  Monographic  des  Inulins, 
St.  Petersburg,  1870) ;  H(inig  and  Schubert 
(Sitz.  W.  9G  [2]  6.53) ;  and  (M.  8,  .529-5G0).  The 
IcBvulans  (there  may  be  two  or  more)  hold  pro- 
bably the  same  relation  to  inulin  as  the  amylans 
do  to  starch,  and  Irevulose  takes  the  place  of 
dextrose  in  this  group.  Some  members  of  the 
inulin  group  are  wanting,  or  are  imijerfectly 
known. 

Lactose  yields  galactose  and  dextrose  by  the 
action  of  acids,  but  whether  there  are  dextrin, 
starch,  and  amylan  bodies  of  this  set  is  not  at 
present  known.  Galactans  yielding  galactose 
direct  by  the  action  of  acids  are  probably  the 
saccharans  of  the  milk-sugar  group.  Most  of 
the  other  members  of  the  C,2H.„0|,  group  yield 
dextrose  on  digestion  with  acids,  liat  what  rela- 
tion the  various  members  hold  one  to  the  other 
it  is  at  present  impossible  to  say. 

Fisher  and  Tafel  (B.  20,  2,5GG)  converted  dex- 
trose into  la'vulose  in  the  following  manner. 
The  phenylhydrazin  comiJound  with  dextrose 
^  gliicosa.w>io'  C|„H_,,N,,0,  when  reduced  with 
zinc  and  acetic  acid  yields  isoglucosamin 
C„H|.,NO„  and  this  base  reacts  with  nitrous  acid 
with  evolution  of  nitrogen  and  the  production 
of  a  sugar  identical  in  every  respect  with  hovulose. 

A.  J.  Brown  (C.  J.  40,  172)  indirectly  per- 
formed the  same,  and  the  converse  reaction. 
Dextrose  is  converted  into  mannitol  by  nascent 
hydrogen,  and  mannitol  under  the  influence  of 
Bacterium  aceti  yields  Li'vulose.  La'vulose  in 
presence  of  growing  Bacterium  xtjlinum  (C.  J. 
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41),  432)  is  converted  into  cellulose,  and  cellu- 
lose into  dextrose  by  acids. 

The  gums  are  acids,  and  yield,  amongst  other 
products,  directly  members  of  Class  IV.  group  6, 
by  the  action  of  dilute  mineral  acids.  Some  of 
the  mucilages  are  gums,  others  belong  probably 
to  Class  I. 

Constitution. — If  we  turn  from  these  specu- 
lations to  the  consideration  of  the  constitution 
of  the  carbo-hydrates,  the  facts  as  far  as  the 
^^lucoses  are  concerned  are  fairly  clear.  The 
first  broad  fact  is  that  alcohols  are  formed 
amongst  the  products  of  the  action  of  nascent 
hydrogen  on  these  substances.  Dextrose  and 
Iffivulose  yield  mannitol  CoH,  ,0,j  under  these 
circumstances,  whilst  galactose  yields  the  iso- 
meric alcohol,  dulcitol  C^Hi^Oj;.  It  has  been 
proved  by  Miintz  and  Aubiii  (C.  R.  83,  1213) 
that  the  mannitols  obtained  from  dextrose, 
Iffivulose,  and  invert  sugar  are  identical. 
Wanklyn  and  Erlenmeyer  (J.  1861,  731,  and 
1862,  480)  have  shown  that  both  mannitol  and 
dulcitol  yield  secondary  hexyl  iodide 

CH3.CH,,.CH,.CH,.CHI.CH3 
by  the  action  of  hydriodic  acid ;  it  is  therefore 
evident  that  the  glucoses  from  which  these 
alcohols  are  formed  must  also  possess  all  their 
six  carbon  atoms  united  in  a  normal  chain. 

We  do  not  think  that  sufficient  stress  has 
been  laid  upon  the  relative  proportions  of  these 
alcohols  obtainable  from  the  glucoses  ;  it  is  well 
known  that  much  more  mannitol  is  obtainable 
from  licvulose  than  from  dextrose,  and  the  pro- 
jioi'tion  of  dulcitol  from  galactose  is  greater  than 
that  of  mannitol  from  either  ;  further,  the  pro- 
portion in  the  most  favoured  case  is  far  below 
the  theoretical  quantity.  Other  products  are 
formed,  and  even  in  the  most  favoured  case 
(dulcitol)  in  quantities  quite  as  great  as  that  of 
the  alcohol.  We  sliould  have  some  knowledge 
of  these  products  before  \vc  build  much  upon  the 
production  of  these  alcohols  from  the  glucoses, 
and  we  feel  satisfied  that  the  by-products  are 
much  greater  than  can  be  accounted  for  by  the 
action  of  alkalis  upon  the  sugars  or  on  the 
resulting  products.  They  may,  however,  be 
allied  to  the  pinacones,  double  tertiary  alcohols, 
produced  by  the  action  of  nascent  hydrogen  upon 
the  ketones. 

According  to  the  experiments  of  Berthelot 
(A.  Ch.  [3]  GO,  93)  the  glucoses,  at  all  events 
dextrose,  when  submitted  to  the  action  of  acetic 
anhydride,  yield  a  body  which  contains  5  acetyl 
groups  for  every  6  atoms  of  carbon,  but  the  ex- 
periments are  decidedly  incomplete  ;  if  we  admit 
the  production  of  this  compound  we  have  no 
)neans  of  judging  how  the  glucose  molecule 
enters  into  the  reaction.  Colley  (C.  B.  70,  401) 
obtained  a  dextrose-monochlorhydrin-tetracctate 
C„H.0.C1(C,H.,0,),  by  lieating  dextrose  with  five 
molecules  of  acetyl  chloride.  Other  similar  com- 
pounds have  been  obtained  by  the  action  of  sul- 
pluiric,  nitric,  and  many  organic  acids  upon  the 
glucoses;  they  are  somewhat  dillicull  to  obtain 
in  a  pure  state,  but  at  all  events  they  point  to 
the  pentahydric  alcohol  nature  of  these  sugars. 

Valuable  evidence  as  to  the  constitution  of 
the  sugars  is  afforded  by  the  products  of  their 
oxidation.  Kiliani  (.\.  '20'},  1!)2)  has  shown  that 
hevulose  yields  more  than  one  third  of  its  car- 
bon in  the  form  of  glijcollic  acid  on  oxidation 


by  means  of  silver  oxide  (other  products  of  the 
reaction  are  carbonic,  formic,  and  oxalic  acids) ; 
hence  he  concludes  that  more  than  one  CH  ,0H 
group  must  exist  in  that  sugar.  The  reducing 
power  of  licvulose  in  alkaline  metallic  solu- 
tions, and  the  products  of  its  oxidation  by 
nitric  acid,  viz.  glycoUic  acid  CH..H0.C00H 
and  inactive  tartaric  acid  (CO.OH|".(CH.HO),, 
make  together  a  strong  argument  in  favour  of 
a  ketone  constitution  for  l^vulose  (Kiliani,  li. 
14,  25.30).  Dextrose,  on  the  other  hand,  yields 
by  oxidation  acids  retaining  all  six  carbon  atoms, 
viz.  gluconic  acid,  C„H|.p.,  and  saccharic  acid, 
CcH,„Os,  while  galactose  gives  isomers  of  these, 
galactonic  and  mucic  acids,  hence  dextrose  and 
galactose  cannot  be  ketones,  and  taking  their 
reducing  power  into  consideration,  aa  aldehyde 
formula  would  be  more  probable. 

From  these  facts  it  is  infeiTcd  that  the 
glucoses  must  have  one  or  other  of  the  following 
formuliE  assigned  to  them  : 

CH.OH     or       a         or  h 
(CHbll),  CH.OH  CH.OH 

CO.H  (CHOH)..  (CHOH), 

CO  CO 
CHOH  CH.OH. 
CH.OH 

In  the  former  we  have  the  structure  repre- 
sented as  mixed  aldehydic  and  alcoholic,  in  the 
two  latter  as  that  of  a  ketone  and  an  alcohol. 
Admitting  the  aldehydic  structure,  it  is  dillicult 
to  explain  the  isomerism  of  the  glucoses ;  and 
further,  these  bodies  do  not  possess  two  well- 
attested  properties  of  the  aldehydes,  viz.  tlicy 
are  not  oxidised  in  the  air,  and  they  do  not  yield 
the  beautiful  violet-red  colouration  in  a  solution 
of  magenta  decolourised  by  sulphurous  acid. 

ToUens  looks  upon  the  glucoses  as  constructed 
thus  : 

CH.pH        CH.OH  ^CH., 
^CH,        ^CH"  CHOH  o'^cHOH), 

O  (CHOH),  0  (CHOH).,  0<^;^^^ 
\CH0H     \C0H  CHOH  CH.OH 

Dextrose?         CH.OH  CH.OH  Sorbose? 

I.;V'vnlo>c  ?  A'C 

As  advantages  of  these  formula;,  he  points 
out  the  fact  of  the  many  possible  variations, 
leaving  room  for  the  explanation  of  isomerism 
among  the  glucoses,  the  stability  of  the  glucoses 
in  the  air,  and  their  oxidation  in  the  presence  of 
alkaline  metallic  solutions  such  as  those  of 
copper,  mercury,  Ac,  supposing  that  in  presence 
of  alkalis  thoy  are  immediately  converted  into 
aldehydes  or  ketones  as  the  ease  may  be. 

Kiliani  (B.  18,  30()(i)  considers  that  lirvulose 
must  be  a  ketone  (this  docs  not  preclude  Tollens' 
hypothesis),  and  determined  that  it  has  the 
formula  h  above  given,  and  not  a.  Ketones 
combine  with  hydrocyanic  acid,  and  the  com- 
pounds so  produced  yield  acids  by  the  action  of 
acids  or  alkalis.  Licvulose  treated  in  this 
manner  yields  a  hydroxyacid  containing  7  carbon 
atoms,  and  this,  when  submitted  to  the  action 
of  hydriodic  acid  at  liigh  temperatures,  yields 
an  acid  of  the  fatty  series  by  the  replacement  of 
the  hydroxyl  groups  by  hydrogen.  Now,  if  the 
formula  of  lanulose  is  represented  by  the 
formula  b,  the  fatty  acid  formed  in  this  manner 

should  be  CH,.^^q(^^-'*  mctliyl-bulyl- 
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acetic  acid,  if  by  a,  CH,.CH 

etliyl-propyl-acetic  acid.  By  preparing  both 
these  acids  synthetically  and  comparing  their 
properties  with  tliose  of  the  acid  obtained  from 
lasvulose  Kiliani  found  tliat  tlie  Iffivulose  body 
was  methyl-butyl-acetic  acid,  and  hence  con- 
sidered that  the  formula  b  above  was  the  true 
formula  of  L-evulose.  Confirmed  by  Bornstein 
and  Herzfeld  (B.  18,  3253)  and  Honig  (B.  19, 
171)  by  oxidising  Iffivulose  to  formic  acid,  bioxy- 
butyric  acid,  and  glycollic  acid. 

Kiliani  (B.  19,"7('.7, 1,128)  treating  dextrose  in 
the  same  way  as  he  did  Irevulose  obtained  normal 
heptylic  acid,  hence  he  concluded  that  dextrose 
has  not  the  constitution  of  a  ketone  alcohol. 

But  little  is  known  as  to  the  constitution  of 
galactose ;  it  may  possibly  be  a  physical  iso- 
meride  of  dextrose.  It  differs  from  that  sub- 
stance in  yielding  dulcitol  instead  of  mannitol 
by  the  action  of  nascent  hydrogen ;  it  has  been 
already  pointed  out  that  dulcitol  and  mannitol 
both  give  secondary  hexyl  iodide  on  reduction 
by  means  of  hydriodio  acid,  and  yielding  mucic 
acid  C,,H|„0,  on  oxidation  with  nitric  acid  in- 
stead of  the  isomeric  saccharic  acid.  From  the 
compound  of  galactose  with  hydrocyanic  acid  a 
well-crystallised  hydroxyacid,  galactose-carbonic 
acid  C-HhOr  is  obtained  isomeric  with  dextrose 
carbonic  acid,  but  converted  by  reduction  into 
normal  7-oxyheptylic  acid,  and  finally  into 
normal  heijtylic  acid,  which  are  identical  with 
the  acids  obtained  in  a  similar  manner  from 
dextrose.  Kiliani  (B.  22,  915)  and  also  Maquenne 
(C.  E.  lOG,  2S(5),  Van  't  Hoff  and  Lebel  (BL 
22,  237,  Die  Lagerung  der  Atome  im  Raume, 
Braunschweig,  1877)  have  occupied  themselves 
more  particularly  with  this  question  of  physical 
isomerism.  They  have  found  that  all  com- 
pounds, without  exception,  which  exhibit  optical 
activity  (rotation  of  the  polarised  ray)  contain 
what  they  call  asymmetrical  carbon — that  is, 
carbon  in  which  all  four  affinities  are  satisfied 
by  four  distinct  radicles  ;  such  a  carbon  atom  is 
considered  as  lying  in  the  centre  of  a  tetrahedron, 
and  each  of  the  four  different  radicles  with 
which  it  is  combined  at  the  four  solid  angles 
thereof.  It  is  seen  that  tivo  modifications  of  the 
compound  are  possible,  which  are  related  to  one 
another  like  an  object  and  its  reflected  image. 

Taking  the  simplest  formula  applicable  to 
the  glucoses,  the  aldehyde  formula,  which  on  a 
plane  surface  shows  no  possibility  of  isomerism, 
we  see  that  it  contains  four  asym- 

1.  CH.,HO    metrical  carbon  atoms,  viz.  those 

2.  CHHO    marked  2,  3,  4,  and  5.    The  carbon 

3.  CHHO    atom  2  is  combined  with  the  four 

4.  CHHO    groups  CH,0,  C,H.O„  OH,  and  H ; 

5.  CHHO    carbon  atom  3  is  coml)ined  with 

6.  CO.H.     C,H,0,,  C.HjO.,,  OH,  and  H  ;  simi- 

larly with  the  carbon  atoms  marked 
4  and  5;  hence  a  large  number  of  modifications 
are  possible.  Such  substances  would  probably 
differ  but  little  in  their  chemical  relations,  but 
show  physical  differences  among  wlrich  the 
optical  variations  are  especially  marked. 

We  have  but  little  work  to  enable  us  to 
arrive  at  a  conclusion  as  to  how  the  glucose 
groups  are  arranged  in  the  saccharoses.  ToUens 
(B.  16,  921)  expresses  the  oxsinion  that  cane- 
sugar  is 


CHoOH 
.O-C---^ 
0  (CHOH),      (CHOH):  O. 

\CH,  CH  ^ 

CH.,OH 


XH- 


Similarly  maltose  would  be 


■0 


^CH- 


CH,~^^ 
O  (CHOH),  \  (CHOH),  O. 
"^CH,  \  CH  ---^ 

There  can  be  no  doubt  that  the  molecule  of 
starch,  dextrins  and  celluloses,  contains  many 
C,.H|,|0;,  groups,  but  we  have  no  evidence  bearing 
on  tiro  arrangement  of  such  groups  in  the  mole- 
cule. 

According  to  O'Sullivan's  work  (C.  J.  1876, 
1,  125;  I.e.  35,  770),  the  starch  molecule 
would  appear  to  contain  the  C,  group  at  least 
twelve  times,  and  Brown  and  Heron  (C.  J.  35, 
596;  and  Brown  and  Morris,  I.e.  47,  527)  in- 
dicate that  it  would  contain  twenty  such  groups. 
It  seems,  however,  probable  that  it  is  a  C,2 
or  maltose  group  which  occurs  in  the  starch 
molecule  rather  than  a  C,;  group. 

Source.  The  carbohydrates  found  in  animals 
and  animal  products  are  derived  from  plants  ; 
dextrose  of  diabetic  urine  comes  i^robably  from 
starch.  If  it  is  yielded  by  sucrose  it  would  be 
interesting  to  know  what  becomes  of  the  LtvuIoss 
group.  Is  it  converted  into  dextrose  in  the 
animal  system  ?  Starch  and  the  celluloses  may 
be  the  materials  whence  lactose  of  milk  is  de- 
rived, but  inasmuch  as  there  is  an  insufficiency 
of  mucic  acid-yielding  bodies  in  the  food-stuffs, 
it  seems  probable  the  saccharic-yielding  group 
must  in  part  be  converted  into  the  mucic  acid- 
yielding  one  in  the  animal.  Glycogen,  too,  has 
its  origin  in  starch,  and,  indeed,  possesses  many 
properties  in  common  with  the  higher  dextrins. 

The  carbonic  dioxide  of  the  atmosphere  is 
the  material  with  which  plants  build  up  the 
carbohydrates  ;  but  upon  this  subject,  too,  our 
definite  knowledge  is  very  limited.  There  are, 
however,  several  hypotheses. 

Sachs  supposes  that  leaves,  taking  up  car- 
bon dioxide  and  giving  up  oxygen,  build  up 
starch  according  to  the  following  equation 
ceo,  +  5H,0  =  C„H,„0,  +  120. 

Boussingault  and  others  consider  that  glu- 
cose is  formed  first.  Von  Baeyer  (1!.  3,  68) 
and  Wurtz  (B.  5,  534)  look  upon  the  forma- 
tion of  formaldehyde  as  the  first  step  in  the 
building  up  of  the  carbohydrates,  carbonic  acid 
being  reduced  ;  thus  H.CO,  =  CH,,0  +  0,,  the  alde- 
hyde then  undergoing  polymerisation. 

According  to  the  opinion  of  Liebig,  carbonic 
acid  is  first  transformed  into  formic  and  oxalic 
acids,  and  from  these  glycollic,  tartaric,  malic,  &c. 
acids  are  built  up,  and  these  by  further  reduction 
yield  glucose.  This  view  is  supported  by  Balls 
(B.  17,  6),  and  he  considers  that  the  carbonic 
acid  supply  is  not  derived  directly  from  the 
atmosphere  by  the  leaves,  but  from  the  soil  in 
the  form  of  acid  carbonates  by  the  roots. 

When  the  carbohydrates  are  formed  they  are 
employed  in  building  up  the  cellulose  structure 
of  the  2jlant,  and  are  stored  up  in  the  seeds, 
tubers,  bulbs,  etc.  as  a  reserve  to  supply  the 
first  food  to  the  young  plant  upon  its  start  in 
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active  life.     During  the  early  stages  of  the  [ 
giowth  of  seeds  the  carbohydrates,  starch  &c.,  \ 
are  broken  down,  oxygen  is  absorbed  (Dav,  C.  J.  [ 
38,  645;  Hellriegel,  J.  pr.    64,   94),  carbon 
dioxide  is  evolved,  and  water  formed.    In  some 
seeds  the  breaking  down  of  the  starch  is  accom- 
panied at  some  stage  by  the  formation  of  sucrose, 
maltose,  &c.  (Kjeldahl,  M.  C.  L.  3 ;  O'SuUivan, 
C.  J.  49,  58).  i 

Tlie  more  important  individual  carbohydrates  ' 
will  be  treated  of  under  the  name  in  its  place 
according  to  the  letter.    The  members  of  the 
sugar  group  will  be  found  under  the  head 
'Su^'ar.'  O'S.  andH.  I 

CAKBOLIC  ACID  Phmol  C,H..OH. 

Occurrence  and  formation. — Carbolic  acid 
occurs  in  small  quantities  in  castoreuin  |  Wohler, 
A.  67,  360),  in  urine  (Stiideler,  A.  77,  18|,  and 
is  a  constant  product  of  the  putrefaction  of  albu- 
men (Baumann,  B.  10,  68.5).  It  is  formed  when 
prganic  substances  are  strongly  heated,  and  is 
contained  in  the  tars  obtained  by  the  dry  dis- 
tillation of  bones,  wood  (Puclos,  A.  109,  136), 
shale  (brown  coal),  and  coal  (Eunge,  P.  31,  69; 
32,  308  ;  Laurent,  A.  Ch.  [3]  3,  195).  | 

The  tar  produced  in  gas  manufacture  is  the 
chief  and  almost  exclusive  source  of  carbolic 
acid.  Owing  to  the  demand  for  carbolic  acid  as 
a  disinfectant  and  for  the  manufacture  of  dyes,  ' 
it  has  become  usual  in  tar  distillation  to  collect 
a  special  fraction,  the  '  carbolic  oil,'  containing 
as  much  cai-bolic  acid  as  possible,  before  collect- 
ing the  '  creosote  oil,'  which  contains  the  other 
phenolic  constituents  of  coal-tar.  The  'carbolic 
oil '  begins  to  come  over  when  the  specific 
gravity  of  the  distillate  attains  that  of  water. 
According  to  Watson  Smith  (C.  J.  1886,  21), 
ordinary  Lancashire  coal-tar'  yields  about  5  p.e. 
by  volume  of  crude  phenols  containing  65  p.c. 
by  volume  of  carbolic  acid  crystalllsable  at 
ordinary  temperatures. 

Coke  ovens  are  now  consti'ucted  so  that  the 
tar  produced  during  the  coking  of  coal  can  be 
collected;  the  following  data  having  reference 
to  the  iDercentage  of  carbolic  acid  in  such  tars 
are  given  by  Lunge  (Coal  Tar  and  Ammonia, 
ed.  1887).  The  tar  from  Hiissener's  modilica- 
tipn  of  the  Carves  oven  gave  1-37  p.c.  of  pure 
carbolip  acid,  the  tar  from  the  Simon-Carves 
oven  gave  0  05  iJ.c.  of  crude  carbolic  acid,  and 
similar  ovens  working  with  another  kind  of 
coal  and  at  a  higher  temperature  gave  0'305 
p.c.  of  crude  acid.  The  tar  collected  from  blast 
furnaces  working  with  raw  coal  contains  a  high 
percentage  of  phenolic  constituents,  the  quantity 
of  carbolic  acid  present  is,  however,  small 
(Watson  Sniitli,  I.e.). 

Carbolic  acid  can  be  obtained  by  fusing 
potassium  benzenesulphonale  with  caustic  po- 
tash ;  the  yield  is  projiortional  to  the  tempera- 
ture and  quantity  of  alkali  employed,  and  is 
best  (9()-23  p.c.  of  that  theoretically  possible), 
when  1  mol.  prop,  of  the  former  is  fused  with  : 
6  mol.  props,  of  the  latter  at  252°.  Caustic  soda 
cannot  be  employed  instead  of  potash,  since  only 
a  poor  yield  is  obtained  by  its  use  (Degeuer, 
J.  ))r.  [2J  17,  394). 

P»t7i«;v!^iO)i.— Cavbolic  acid  is  almost  ex- 
clusively obtained  from  coal-tar,  and  is  worked 
up  either  from  the  special  fraction  known  as 
<  carbolic  oil '  or  from  the  oils  intermediate  ii\ 


specific  gravity  (sp.gr.  =  1-000-1020)  between 
the  light  and  heavy  oils-  oils,  that  is,  distilling 
between  170°  and  230°.  The  acid  is  also  pre- 
sent in  the  creosote  oils  distilling  between  240' 
and  270°,  but  it  is  not  found  practicable  to 
separate  it  from  tliis  distillate  with  advantage. 
The  first  treatment  of  the  oil  consists  in  mixing 
it  thoroughly  in  an  iron  vessel  at  a  temperature 
of  40—50°  with  a  quantity  of  soda  ley  (sp.gr. 
=  l'090-l-095)  which  has  been  determined  by 
previous  experiments  on  a  small  scale.  Naphthal- 
ene and  other  hydrocarbons  present  in  the  oils 
are  more  soluble  in  strong  than  in  weak  soda 
ley,  hence  the  importance  of  using  the  latter 
when  the  object  is  the  preparation  of  pure  crys- 
talline carbolic  acid  ;  for  crude  acid,  however, 
stronger  ley  up  to  a  sp.gr.  =  1-34  can  be  used 
with  advantage.  When  no  more  carbolic  acid 
is  extracted  from  the  oils  — a  point  which  is 
usually  reached  after  about  two  hours'  agitation 
of  the  mixture,  and  is  ascertained  by  withdraw- 
ing from  time  to  time  portions  of  the  liquor  and 
testing  the  lower  layer  with  acid,  the  liquor  is 
allowed  to  clear  and  the  lower  layer  consisting 
of  carbolate  of  soda  is  drawn  ofT  from  the  oily 
upper  layer  which  contains  naphthalene  and 
some  of  the  higher  homologues  of  benzene.  The 
carbolate  of  soda  solution  (to  which  the  soda  ley 
washings  obtained  in  the  puritication  of  the 
benzene  and  light  oils  produced  in  the  distilla- 
tion of  coal-tar  are  added)  is  then  treated  with 
acid.  Lunge,  whose  treatise  on  coal-tar  and 
ammonia  (ed.  1887)  has  been  largely  consulted 
for  the  purpose  of  this  article,  however,  states 
that  a  previous  purification  is  sometimes  re- 
sorted to  with  the  object  of  removing  any  dis- 
solved or  suspended  hydrocarbons  which  would 
interfere  with  the  crystallisation  of  the  carbolic 
acid  ;  for  this  purpose  it  is  suflieient  to  pass  a 
current  of  steam  through  the  liquid  (contained 
in  an  iron  vessel  provided  with  a  condenser) 
until  the  distillate  comes  over  clear  and  free 
from  oil.  The  decomposition  of  the  carbolate  of 
soda  is  then  effected  in  a  lead-lined  vessel  by 
treatment  cither  with  hydrochloric,  or  more 
generally  with  sulphui-ic  acid,  until  the  reaction 
becomes  distinctly  acid.  With  hydrochloric  acid 
there  is  no  tendency  for  crystallisation  to  occur, 
and  the  liquor  may  stand  for  some  time  to 
ensure  a  comjilete  separation  of  the  carbolic 
acid,  but  when  sulphuric  acid  is  employed  it  is 
necessary  to  dilute  it  to  sp.gr.  =  1-70  (140°Tw.) 
to  prevent  immediate  crystallisation  of  the 
resulting  sodium  sulphate,  and  to  draw  off  the 
aqueous  layer  whilst  still  hot.  To  purify  the 
crude  carbolic  acid  so  obtained  many  processes 
have  been  devi.sed  (cf.  Bickerdike,  C.  N.  16, 
1«8  ;  Miiller,  Z.  1S65,  270).  That  most  usually 
followed  is  distillation  of  the  acid  in  wrought-iron 
stills  connected  with  zinc  worms  ;  water  conies 
over  first  and  the  carbolic  acid  which  distils 
over  in  the  fractions  175-205°  is  either  purified 
by  a  further  distillation  in  a  column  aiiiiaratus  or 
by  repeated  fractionation.  TIk^  distillate  so  ob- 
tainedshould  crystallise,  but  il  iln-  i~  not  the  case, 
distillation  with  a  little  pota>^iuiu  liiclironiateand 
sulphuric  acid  wdl  yield  a  good,  white,  crystallls- 
able product.  It  should  be  mentioned  that  car- 
bolic acid  frequently  becomes  coloured  red  on 
exposure  to  the  air ;  a  permanently  white  acid 
can,  however,  be  obtained  by  completely  oxidising 
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the  Kuljstance  pvoiluoing  the  colouring  matter, 
either  by  exposure  to  the  air  in  sliallow  pans  or 
by  gently  heating  with  potassium  bichromate 
(i  to  \  p.c.)  and  sulphuric  acid  previous  to  the 
final  distillation.  For  very  pure  medicinal 
carbolic  acid,  one  further  distillation  from  glass 
vessels  is  necessary.  (Cf.  also,  Ballard's  Sani- 
tary Eeport  to  the  Local  Government  Board 
for  1878,  51 ;  W.  J.  1885,  4G5  ;  Calvert,  Z.  18G5, 
530  ;  Behrens,  D.  P.  J.  208,  8G3.) 

Properties.—  Carbolic  acid  crystallises  in  long, 
colourless  needles,  has  a  characteristic  odour, 
melts  at  42',  boils  without  decomposition  at 
18'2-3°  at  700  mm.  (Ladenburg,  B.  7,  1G87),  at 
18a-3-184-l°  (Adrieenz,  A.  6,  441),  at  181"-'  at 
700  mm.  (Lunge,  Coal  Tar  and  Ammonia,  ed. 
1887,  138),  and  has  a  sp.gr.  =  1-084  at  0'^  and 
=  1-0(35  at  18°  (Laurent).  Ordinary  '  pure  '  car- 
bolic acid  melts  at  35°  and  boils  at  188°  (Lunge). 
The  presence  of  small  quantities  of  impurities 
such  as  water  or  naphthalene  materially  lowers 
the  melting-point.  The  red  colour  of  the  ordinary 
commercial  acid  seems  to  be  induced  by  the 
presence  of  minute  traces  of  metals,  particularly 
lead  (Meyke,  B.  16,  2513,  cf.  however,  Ebell.  B. 
17,  Referate,  69  ;  Hager,  B.  18,  Eeferate,  114). 
Carbolic  acid  is  a  deliquescent  substance,  and 
in  damp  air  forms  a  hydrate  C^H..OH  -I-  H,,0 
which  melts  at  17-2°  (Allen,  An.  3,  319) ;  at  the 
same  time,  however,  it  is  not  very  readily  soluble 
in  water,  100  parts  of  water  dissolving  4-83  joarts 
at  11°,  5-36  parts  at  35°,  6-19  parts  at  45°,  7-33 
parts  at  58",  11-83  parts  at  77°,  and  at  84°  both 
liquids  mix  in  all  proportions,  whilst  conversely 
100  parts  of  phenol  dissolve  23'3  parts  of 
water  at  9  \  26-75  parts  at  32 ^  31-99  parts  at 
53°,  and  40-72  parts  at  71°  (Alexejeff,  B.  10,  410). 
According  to  Hamberg  (B.  4,  751),  however,  it 
dissolves  in  15  parts  of  water  at  16-17°.  It  is 
soluble  in  all  proportions  in  alcohol,  ether, 
benzene,  glacial  acetic  acid,  glycerine,  olive 
oil,  chloroform,  carbon  bisulphide,  &c.  The 
aqueous  solution  becomes  coloured  violet  by 
ferric  chloride  and  is  without  action  on  litmus. 
According  to  Kramers  a  mixture  of  benzene, 
toluene,  xylene,  naphthalene,  anthracene  acid, 
phenanthrene  is  obtained  when  the  vapour  of 
carbolic  acid  is  passed  through  a  red-hot  tube  (A. 
189,  129).  Two  isomeric  mononitrophenols  are 
obtained  by  the  action  of  dilute  nitric  acid  (sp.gr. 
=  1-34)  (Fritzsche,  A.  110, 150)  and  at  lower  tem- 
peratures the  para-  and  at  higher  temperatures  ( 
the  ortho-  derivative  appear  to  be  chiefly  formed  | 
(Goldstein,  B.  11, 1943).  By  the  further  action  of 
nitric  acid  dinitrophenol  (Kolbe,  A.  147,  67)  and  ! 
trinitrophenol  (picric  acid)  (Schmitt  and  Glutz,  B. 
2,  52)  result.  Chlorine  (Laurent,  A.  23,  60  ;  43, 
209  ;  Faust  and  Miiller,  A.  173,  303  ;  Benedikt,  M. 
4,  233;  Benedikt  and  Schmidt,  M.  4,  606),  and 
bromine  (Korner,  A.  137,  200,  205,  208,  201), 
210;  Hiibner  and  Brenken,  B.  6,  171)  convert 
carbolic  acid  at  the  ordinary  temperature  into 
mono-,  di-,  and  tri-  substitution  derivatives, 
and  at  higher  temperatures  or  in  the  presence  of 
halogen  carriers  such  as  antimony  pentachloride 
*c.  into  tetra-  and  penta-  derivatives.  The 
nitro-,  chloro-,  and  bromo-  derivatives  of  carbolic 
acid  are  fairly  strong  acids,  and  the  acid  character 
increases  with  the  number  of  nitro-  groups  or 
chlorine  or  bromine  atoms  introduced  into  the 
molecule.  Iodine  yields  mono-  and  di-  derivatives 


in  the  presence  of  mercury  (Hlasiwetz  and 
Weselsky,  B.  2,  524)  or  iodic  acid  (Korner,  A. 
137,  213).  Sulphuric  acid  converts  carbolic 
acid  into  two  isomeric  monosulphonio  acids 
(Kekule,  Z.  [2]  3,  197)  of  which  the  ortho-  acid 
is  the  chief  product  at  the  ordinary  and  the 
para-  acid  at  higher  temperatures.  When  heated 
with  ammonium  zinc  chloride  at  280-300°, 
carbolic  acid  yields  aniline  together  with  di- 
phenylamine  and  phenyl  ether  (Merz  and  Weith, 
B.  13,  1299).  When  fused  with  caustic  potash, 
salicylic  acid,  metahydroxy-benzoic  acid,  and 
two  isomeric  diphenols  are  formed  (Barth  and 
Schreder,  B.  11,  1332)  whilst  fusion  with  caustic 
soda  results  in  the  formation  of  pyrocatechol 
(catechin)  resorcinol  (resorcin),  and  phloroglucol 
(phloroglucin)  (B.  12,  417).  The  behaviour  of 
sodium  and  potassium  phenates  (carbolates) 
when  heated  in  a  current  of  cai'bon  dioxide  has 
been  studied  by  Kolbe  (J.  pr.  [2]  10,  89 ;  cf.  also 
Schmitt,  J.  pr.  [2]  31,  410 ;  Germ.  pat.  29,939, 
June  24,  1884) ;  with  sodium  phenate  the  reaction 
commences  below  100°,  is  most  rapid  and  com- 
plete about  180°,  and  continues  up  to  the  tem- 
perature of  the  decomposition  of  sodium  salicyl- 
ate with  the  formation  of  that  compound  as  sole 
product,  but  with  potassium  phenate  salicylate 
is  formed  only  at  temperatures  below  150°, 
whilst  at  higher  temperatures  the  isomeric 
potassium  parahydroxy-benzoate  constitutes 
almost  the  entire  product ;  in  these  reactions  one 
half  of  the  phenol  is  recovered.  When  carbolic 
acid  is  heated  with  phthalic  anhydride  and  a 
dehydrating  agent  such  as  zinc  chloride  or 
sulphuric  acid,  it  yields  pheuolphthale'in  (Baeyer, 
B.  9,  1230  ;  A.  202,  68).  If  the  acid  is  heated 
with  oxalic  acid  and  sulphuric  acid  it  is  converted 
into  coralline  (Zulkowsky,  A.  194,  119  ;  202,  184), 
from  which  pure  aurine  can  be  extracted  by 
suitable  methods  (Dale  and  Schorlemmer,  A. 
196,  77),  whilst  benzaurin  results  from  heating 
carbolic  acid  with  benzotrichloride  (Doebner,  B. 
12,  1462). 

Reactions. — 1.  In  aqueous  solution  carbolic 
acid  gives  a  violet  colour  with  ferric  chloride, 
this,  however,  is  neither  developed  in  very  dilute 
solutions  (Sarauw,  B.  15,  46)  nor  in  the  presence 
of  alcohol  (Hesse,  A.  182,  161) ;  limit  of  sensitive- 
ness, 1  in  2,000  (Polacci,  B.  7,  360).— 2.  The 
aqueous  solution  on  treatment  with  \  vol.  of 
ammonia  and  then  with  a  few  drops  of  an 
aqueous  solution  of  bleaching  powder  (1  part  in 
20  parts  of  water)  gives  either  at  once  or  ou 
standing  a  blue  colouration  ;  limit  of  sensitive- 
ness, 1  in  4,000  (Salkowski,  Fr.  11,  316).— 3. 
Bromine  water  added  to  an  aqueous  solution  of 
carbolic  acid  gives  either  at  once  or  on  standing 
a  yellowish-white,  flocculent  precii^itale  of  tri- 
bromophenol  bromide  (Landolt,  B.4,  770)  ;  limit 
of  sensitiveness,  1  in  43,700  (ibid.),  1  in  80,000 
(Lunge). — 4.  A  solution  of  carbolic  acid  assumes 
a  deep-red  colour  when  boiled  with  j  to  ^  its 
bulk  of  Millon's  reagent  (a  10  to  15  p.c.  solution 
of  mercurous  nitrate  containing  nitrous  acid)  ; 
limit  of  sensitiveness,  reaction  distinct  with  1  in 
60,000,  and  still  appreciable  with  1  in  200,000. 
Salicylic  acid  gives  a  similar  reaction  (Plugge, 
Fr.  11,  173  ;  Alm6n,  J.  1878,  1079). 

Quant  ifativecsiiiiiation. — Carbolic  acidoccurs 
in  commerce  in  different  qualities ;  as  crude 
acid,  as  liquid  acid,  and  as  crystallised  acid  of 
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varying  degrees  of  purity,  (a)  Testing  of  crude 
carbolic  acid.  1.  The  percentage  of  phenols  in 
crude  carboHc  acid  can  be  approximately  deter- 
mined by  shaking  it  with  twice  its  volume  of 
lOp.c.soda  ley  added  gradually;  theseparation  of 
the  oily  and  aqueous  layers  becomes  more  accurate 
if  a  known  quantity  of  petroleum  spirit  equal  in 
volume  to  that  of  the  layer  of  indilTerent  and 
resinous  substances  is  added,  and  the  amount 
added  afterwards  deducted.  The  phenols  are 
estimated  in  a  portion  of  the  aqueous  layer  by 
treatment  with  hydrochloric  acid  and  subsequent 
addition  of  salts  to  ensure  a  complete  separation. 
Such  a  correction  is,  however,  hardly  called  for, 
since  the  phenols  will  dissolve  about  as  much 
water  as  the  water  will  dissolve  phenols 
(Beckurts,  Ar.  Ph.  [3]  24,  572).  Beekurts  (Ar. 
Ph.  [3]  24,  580)  also  states  that  Koppeschaar's 
method  (v.  infra)  gives  satisfactory  results  for 
testing  liquid  carbolic  acid  when  the  specimen 
is  free  from  cresols.  Casthelaz  (Bl.  42,  574) 
tests  measured  samples  of  crude  or  liquid  carbolic 
acid  in  tubes  with  water,  with  sulphuric  acid 
(1  to  1),  and  with  soda  solution  (1  part  soda  ley 
(sp.gr.  =  1-38)  to  9  parts  of  water)  and  linally 
fractionates  a  fourth  sample. 

2.  Testing  of  the  pure  acid.  The  exact 
quantitative  estimation  of  carbolic  acid  is  always 
made  by  precipitating  it  with  bromine  as 
tribromoi)hcnol  bromide.  The  composition  of 
this  precipitate  was  believed  to  be  tribromo-  j 
phenol  (Landolt)  until  its  true  nature  was  as-  ^ 
certaincd  by  Benedikt  (c/.  Weinreb  and  Bondi,  i 
M.  G,  50(1).  Koppeschaar's  method  (Fr.  15, 
233)  is  the  one  usually  employed,  and  this  re- 
quires the  following  solutions  :  (a)  solution  of 
sodium  thiosulpliate  (hyposulphite)  equivalent 
to  a  solution  of  iodine  containing  5  p.c.  of  iodine  ; 
{b)  solution  of  starch;  (c)  bromine  water  (titrated 
with  pure  carbolic  acid),  or  preferably  a  solution 
of  bromine  in  caustic  soda  prepared  by  adding 
an  excess  of  bromine  to  the  soda  and  subse- 
quently removing  the  excess  cither  by  boiling 
(Allen,  S.  C.  I.  1884,  C4),  or  by  cvai)orating 
the  solution  to  dryness  and  again  dissolving  in  j 
water ;  (</)  solution  of  potassium  iodide  con- 
taining 125  grams  in  the  litre.  The  process 
consists  in  treating  25  c.c.  of  the  aqueous  solu- 
tion of  carbolic  acid  (4  grams  in  the  litre)  I 
with  100  c.c.  either  of  the  solution  of  bromate 
and  bromide  with  5  c.c.  of  concentrated  hydro- 
chloric acid  to  liberate  the  bromine,  or  of  bromine 
water  in  a  stoppered  bottle,  which  is  then  well 
shaken,  allowed  to  reuuiin  for  fifteen  minutes, 
then  treated  with  10  c.c.  of  potassium  iodide 
solution,  again  shaken  and  finally  titrated  with 
the  thiosulpliate  to  determine  the  liberated 
iodine.  The  reactions  involved  are  the  follow- 
ing :  1.  C  H,.()H4-41!r..=  C,lI,Hr,,.OBr4  4HBr; 
2.  C„II,J5r,,.bBr  +  2KI  =  C,H,lir.,.6K  +  KBr  i  1, 
(Weinreb  and  Bondi,  I.e.);  so  that,  as  ficckurts 
points  out  {I.e.  infra)  the  assumption  made  by  ' 
Koppeschaar  in  the  preceding  method  that  G 
atom,  props,  of  bromine  enter  into  combination 
with  1  mol.  prop,  of  phenol  is  in  practice 
correct.  Beckurts  (Ar.  Ph.  [3]  24,  5G2)  gives  the 
following  as  the  l)est  mode  of  estimating  carbolic 
acid.  The  solutions  entployed  are  (a)  normal 
potassium  bromide  (5-l)3!)  grams  in  the  litre)  ;  (6) 
centiiiormal  potassium  bromate  (1-GGG  grams  in 
the  litre) ;  (c)  potassium  iodide  solution  contain- 


ing 125  grams  in  the  litre ;  (d)  dccinormal  sodium 
thiosulphate  (24-8  grams  of  Na.S.O,  +  jH,0 
in  the  litre).  For  the  titration  25  to  30  c.c.  of 
the  phenol  solution  (1  in  1,000)  are  treated  with 
50  c.c.  each  of  the  potassium  bfomate  and 
bromide  solutions,  shaken  with  5  c.c.  of  con- 
cent: ated  sulphuric  acid,  allowed  to  remain 
fifteen  minutes,  treated  with  10  c.c.  of  the 
potassium  iodide  solution,  and  finally  titrated 
with  thiosulphate  to  estimate  the  amount  of 
iodine  liberated.  The  calculation  is  simple  : 
from  the  50  c.c.  each  of  bromate  and  bromide 
solution,  0'2392  gram  of  bromine  is  liberated 
by  the  sulphuric  acid,  and  this  is  capible  of 
converting  0'04G9  gram  of  carbolic  acid  into 
tribromophenol ;  1  c.c.  of  the  dccinonnal  thio- 
sulphate is  equivalent  to  O'OOS  gram  of 
bromine,  a  quantity  capable  of  converting 
0'0015G  gram  of  carbolic  acid  into  tribromo- 
phenol ;  multiplying  now  0-0015G  by  the  number 
of  c.c.  of  thiosulphate  used,  and  subtracting  the 
product  from  0"04G9  gives  the  weight  in  grams 
of  phenol  in  the  quantity  of  solution  originally 
taken.  This  process  is  accurate  whenever  solu- 
tions of  jntrc  carbolic  acid,  or  mixtures  from 
which  the  pure  acid  can  be  separated,  are  to 
be  tested,  but  it  fails  in  all  cases  {c.(t.  crude 
carbolic  acid)  when  other  ]ihenols,  particularly 
cresols,  are  also  present.  Methods  for  the  esti- 
mation of  carbolic  acid  have  also  been  proposed 
bv  Waller  (C.  N.  43,  152),  Degener  (.1.  pr.  12]  17, 
390),  and  Chandelon  (S.  C.  I.  1882,  203),  but 
these  are  inaccurate  (Beckurts).  A  method  has 
been  devised  by  Allen  for  determining  phenols 
in  carbolic  soap  (An.  1S8G,  103). 

f/scs.— Carbolic  acid  has  powerful  antiseptic 
properties,  and  is  used  on  the  large  scale  as  a 
disinfectant.  Large  quantities  of  carbolic  acid 
are  also  employed  in  the  manufacture  of  sali- 
cylic acid,  whilst  in  the  colour  industry  a  con- 
siderable demand  for  the  acid  exists,  inasmuch  as 
it  is  the  source  of  picric  acid  and  coralline,  and 
is  used  in  the  preparation  of  some  azo-  colours. 

Compoiiiuis  u  ith  iiictah.' -Foi&sshnv.  phenate 
C,.Hj.OK,  formed  by  dissolving  potassium  in 
carbolic  acid  (Hartmann,  J.  pr.  [2]  IG,  3G),  or 
by  heating  carbolic  acid  with  caustic  potash 
(i5aumann,  B.  10,  G8G),  crystallises  in  slender 
white  needles  readily  soluble  in  water,  alcohol, 
and  other.  Sodium  phenate  can  be  prepared  by 
similar  methods,  and  is  used  in  the  manufacture 
of  salicylic  acid.  Compounds  with  barium  (Lau- 
rent) and  lead  (Calvert,  Z.  1865,  531)  have  also 
been  described. 

CARBON.  Symbol  C.  At.  wt.  12.  Carbon 
occurs  in  nature  in  the  free  state,  and  very 
abundantly  in  combination,  notably  in  the  form 
of  carbonates,  and  as  an  essential  constituent  of 
organic  bodies.  In  the  free  state  it  is  a  solid, 
infusible,  non-volatile  substance,  without  taste 
or  smell,  exhibiting  great  diversity  in  the 
physical  characteristics  of  its  three  allotropic 
forms,  diamond,  graphite,  and  charcoal. 

The  diamond  up  to  the  time  of  Bergmann 
was  supposed  to  be  a  kind  of  rock-crystal,  al- 
though Newton  regarded  it  as  probably  an 
unctuous  substance  coagulated.  It  was  shown 
to  be  combustible  by  the  members  of  the 
Academy  del  Cimonto  in  1G94,  and  Lavoisier 
proved  that  the  sole  product  of  its  combustion 
was  carbon  dioxide.    He  had  previously  ascer- 
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tallied  thai  this  gas  was  a  compound  of  oxygen 
and  an  element  to  wliicli  he  gave  the  name  of 
carbolic,  contained  in  coal  and  wood.  Graphite, 
as  its  synonyms,  blacklead  and  plumbago  (from 
the  Italian  graflo  pioinhino — the  writing  lead) 
imply,  was  long  considered  to  be  a  kind  of  lead, 
or  as  related  to  antimony;  Soheele  regarded  it 
as  a  compound  of  iron  and  carb6n ;  Kastner 
proved  that  it  was  essentially  carbon. 

Mamifacfiirc  of  toood  c/inrcoaZ.  — The  earliest 
plan  of  coalinij  wood,  as  the  manufacture  of 
charcoal  was  termed,  and  is  still  called,  is 
carried  on  as  follows.  A  piece  of  ground  is 
levelled  at  some  convenient  spot  in  the  forest, 
which  is  termed  the  '  hearth  '  or  '  earth.'  In  the 
centre  of  this  a  thick  pole  or  bundle  of  brash- 
wood  is  placed,  around  which  the  wood  is 
arranged,  some  of  the  pieces  being  laid  horizon- 
tally and  others  set  up  at  an  inclination,  or 
tlie  wood  may  be  placed  altogether  at  any  steep 
angle,  sloping  outwards  from  the  centre  to  form 
a  flattened  cone,  which  when  complete  is 
usually  called  a  heap  ;  the  object,  whichever 
way  the  wood  is  placed,  is  to  obtain  a  free  circu- 
lation of  air  under  the  heap  to  communicate 
■with  the  chimney  in  the  centre,  which  is  formed 
by  then  withdrawing  the  central  pole  or  bundle 


of  brushwood.  The  large  wood  should,  if  con- 
venient, be  at  the  bottom  of  the  heap,  and  the 
outside  imcked  as  close  as  possible ;  the  heap 
is  then  covered  with  small  brushwood,  and 
afterwards  with  turf,  or  the  material  most  im- 
l^ervious  to  air  which  can  be  conveniently  ob- 
tained. A  fire  is  lighted  in  the  centre  chimney, 
and  by  leaving  openings  in  the  outside  covering 
at  the  bottom  of  the  heap,  the  fire  soon  extends, 
and  can  be  guided  to  any  part  by  making  tem- 
porary openings  to  admit  the  air.  When  the 
lieap  is  sufficiently  fired  all  the  openings  are 
closed,  and  lastly  the  chimney  itself.  The  fire 
will  always  extend  most  rapidly  on  the  side 
facing  or  towards  the  wind,  and  great  care  must 
be  taken  to  watch  and  check  this,  by  keei)ing 
the  covering  on  that  side  in  good  order.  The 
charcoal-burner  must  always  be  careful  to  spread 
the  fire  as  evenly  as  possilile  through  the  heap, 
and  after  it  is  coaled  to  stop  it  down  carefully ;  he 
can  always  accelerate  the  ijrocess  in  any  part  of 
the  heap,  if  well  built,  by  opening  the  outside  to 
admit  air  freely,  but  if  he  finds  this  does  not 
act,  from  any  fault  in  setting  the  wood,  he  had 
better  open  a  hole  witli  a  bar  at  the  place  re- 
quired, and  light  a  fire  in  the  hole  ;  this  will 
soon  communicate  with  the  main  fire  in  the 


Fig.  1 


Fig.  2 
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lieap.  As  soon  as  the  smoke  and  white  flame 
cease  to  escape  at  the  vents,  the  whole  heap 
must  be  closed  from  the  air  as  carefully  as 
possible  until  the  charcoal  is  quite  cooled,  and 
is  ready  to  draw.  The  fire  must  never  burn  too 
fast ;  the  slower  the  process,  if  the  fire  is  steady 
and  regular,  the  better  the  yield  of  charcoal. 
Hard  close-grained  woods  take  a  longer  time  to 
coal  than  soft  open-grained  woods,  and  should 
be  placed  in  the  heap  accordingly.  These  tech- 
nical instructions,  handed  down  in  the  forests 
for  ages  as  secrets  from  father  to  son  amongst 
the  '  coalliers '  in  every  country  in  Europe,  arc 
the  results  of  long  practical  experience,  and 
strictly  accord  witli  the  true  principles  on  which 
the  process  is  based. 

To  carbonise  wood  under  a  movable  cover- 
ing, the  plan  of  Mcilcr,  or  heaps,  is  employed 
very  much  in  Germany.  The  wood  is  arranged 
either  in  horizontal  layers,  or  in  nearly  vertical 
ones,  with  a  slight  slope,  so  as  to  form  conical 
rounded  heaps  of  diit'erent  sizes.  The  former 
are  called  'lying  Mcilcr,''  fig.  1,  *lie  latter 
'  standing  Mcilcr '  figs.  2  and  3.  Both  arc  dis- 
tributed in  much  the  same  way. 

In  districts  where  the  wood  can  be  trans- 
ported into  one  x)lace  by  means  of  rivers  or 
mountain  slides,  a  dry  flat  space  must  bo  pitched 
upon  (screened  from  storms  and  floods),  which 
may  bs  walled  round,  having  a  slight  declivity 
made  in  the  ground  towards  the  centre  (i\ 
fig.  4).  Into  this  space  the  tarry  acid  will 
partially  fall,  and  may  be  conducted  outwards 


through  a  covered  gutter  beneath  into  a  covered 
tank.  The  mouth  of  the  tank  must  be  shut 
during  the  coking  with  an  iron  or  stone  slab, 
luted  with  clay.  A  square  iron  plate  is  placed 
over  the  inner  orifice  of  the  gutter  to  prevent  it 
being  choked  with  coal  ashes. 

Fig.  4  represents  a  walled  Mcilcr  station  : 
a,  the  station,  b  the  gutter,  c  the  tank,  which 
is  covered  with  the  slab  d ;  c,  a  slab  which 
serves  to  keep  the  gutter  clear  of  coals.  The 
cover  of  the  heaps  is  formed  of  earth,  sand, 
ashes,  or  such  other  matter  as  may  be  most 
readily  found  in  the  woods.  They  should  be 
kindled  in  the  centre.  From  six  days  to  four 
weeks  may  be  required  for  charring  a  heap, 


according  to  its  s;/.e,  hard  wood  requiring  more 
time,  and  the  slower  the  process  the  bett^er  and 
greater  is  the  product,  generally  speaking. 

Charring  of  wood  in  mounds  (Haufe  or 
licgcndc  Wcrkc)  (figs.  5  and  (5)  differs  from 
that  in  the  Mcilcr,  because  the  wood  in  the 
Hanfc  is  successively  charred,  and  the  charcoal 
is  raked  out  little  by  little.  The  product  is 
said  to  bo  greater  in  this  way,  and  also  bolter. 
Iincleft  billets,  G  or  8  feet  long,  being  laid  over 
each  other,  are  covered  with  ashes,  and  then 
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carbonised.  The  station  is  sometimes  horizontal 
and  sometimes  made  to  slope.  The  length  may- 
be 24  feet,  the  breadth  8  feet,  and  the  wood  is 
laid  crosswise.  Piles  are  set  perpendicularly  to 
support  a  roof  made  of  boughs  and  leaves 
covered  with  ashes.    Pipes  are  occasionally  laid 


Figs.  5  and  6. 

within  the  upper  part  of  the  mounds, 
serve  to  catch  and  carry  off  some  of  the  li 
Fig.  7  is  a  vertical  section,  and  fig.  8 


which 
quid, 
a  half 


reposes ;  i  a  pipe  which  leads  to  the  cistern  7:, 
I  the  pipe  destined  for  cairying  off  the  gaseous 
matter,  m  m  holes  in  the  iron  cover  or  lid. 

The  distribution  of  tlic  wood  is  like  that  in 
the  horizontal  Mcilcr  or  heaps  ;  it  is  kindled  in 
the  central  vertical  canal  with  burning  fuel,  and 
the  lid  is  covered  with  a  few  inches  of  earth. 
At  the  beginning  of  the  operation  all  the  draught 
flues  are  left  open,  but  they  are  progressively 
closed  as  occasion  requires.  In  eight  kilns  of 
this  kind  500  decasters  of  oak  wood  arc  car- 
bonised, from  which  15,000  hectolitres  of  char- 
coal are  obtained,  equal  to  64,000  lbs.  French, 
being  about  25  p.c,  besides  tar  and  3,000  veils 
of  wood  vinegar  of  from  2'  to  3^^  liaum6. 

At  Crouy-upon-the-Ourcq,  near  Meaux,  there 
is  a  well-constructed  kiln  for  making  turf-char- 
coal. It  resembles  most  nearly  a  tar-kiln.  In 
fig.  9,  a  is  the  cylindrical  coking  place  whose 
surrounding  walls  are  heated  by  the  flame  which 
passes  through  the  intermediate  space  b.  The 
place  itself  is  divided  by  partitions  of  fire  tiles 
into  three  stages,  through  the  apertures  in  which 
the  flames  of  the  fire,  c  c,  rise,  and  heat  the 
exterior  of  the  coking  apartment.  In  order  to 
confine  the  heat,  there  is  in  the  inclosing  walls 
of  the  outer  kiln  a  cylindrical  hollow  space  d, 

c 


Fig.  7. 

bird's-eye  view  and  half  cross-section  at  the 
height  of  the  pit  bottom,  of  Chabeaussi<!'re's 
kiln  for  making  wood  charcoal,  a  is  the  oven, 
b  vertical  air-pipes,  cc  horizontal  flues  for  ad- 


Fio.  8. 


mitting  air  to  the  kilns,  dd  small  pits  which 
communicate  by  short  horizontal  pipes  cc  with 
the  vertical  ones,  /  the  sole  of  tlic  kiln,  a  circle 
of  brickwork  upon  which  the  cover  or  hood  h 


at 
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Fig.  10. 


Fig.  11. 


where  the  air  is  kept  stagnant.  Tlirough  the 
apertures  left  in  the  upper  end  at  c,  the  turf  is 
introduced;  they  are  then  shut  with  an  iron 
plate  /,  which  is  covered  with  ashes  or  sand. 
The  fireplace  opens  above  this  aperture,  and  its 
outlet  is  provided  with  a  movable  iron  cover  g, 
in  which  there  is  a  small  hole  for  the  issue  of 
the  gases.  The  sole  of  the  kiln  consists  of  a 
cast-iron  slab  h,  which  may  be  raised  by  means 
of  a  hook,  upon  it.  This  is  drawn  back  after 
the  carbonisation  is  completed,  whereby  the 
charcoal  falls  from  the  coking  space  into  a 
subjacent  vault.  The  volatile  products  are 
carried  off  by  the  pipe  k,  and  led  into  the  con- 
densing cistern,  the  gases  escaping  to  the  fire- 
place, where  they  are  burned.  The  iron  slab  is 
protected  from  the  corrosion  of  the  acid  vapours 
by  a  layer  of  coal-ashes. 

Charcoal  obtained  by  the  action  of  a  rapid 
fire  in  close  vessels  is  not  so  solid  and  so  good  a 
fuel  as  that  which  is  made  in  the  ancient  way 
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by  the  slow  calcination  of  pyramidal  piles 
covered  with  earth.  One  of  the  most  economical 
ovens  for  making  wood  charcoal  is  that  invented 
by  M.  I'oucauld,  which  he  calls  a  shroud  or 
abii.  To  construct  one  of  these,  30  feet  in 
diameter  at  the  base,  10  feet  at  its  summit,  and 
from  8  to  9  feet  high,  he  forms,  with  wood  2 
inches  square,  a  frame  12  feet  long,  3  feet  broad 
at  one  end,  and  1  foot  at  the  other. 

The  figures  10  and  11  will  explain  the  con- 
struction. The  uprights,  ab  and  CD,  of  this 
frame  are  furnished  with  three  pairs  of  wooden 
handles  a  a  a,  by  means  of  which  they  can  be 
joined  together,  by  passing  through  two  con- 
tiguous handles  a  wooden  fork,  the  frame  being 
previously  provided  with  props,  as  shown  in 
fig.  11,  and  covered  with  loam  mixed  with 
grass.  A  flat  cover  of  10  feet  diameter,  made 
of  planks  well  joined,  and  secured  by  four  cross- 
bars, is  mounted  with  two  trap  doors,  m  n 


(fig.  12),  for  giving  egress  to  the  smoke  at  the 
commencement  of  the  operation  ;  a  triangular 
hole  p,  cut  out  in  the  cover,  receives  the  end  of 
the  conduit,  qrs  (figs.  13  and  12),  of  wood 
formed  of  three  deals  destined  to  convey  the 


Fig.  13. 

gases  and  condensed  liquids  into  the  casks  fgh. 
Lastly,  a  door  t,  which  may  be  ojiened  and  shut 
at  pleasure,  permits  the  operator  to  inspect  the 
state  of  the  fire.  The  charcoal  calcined  by  this 
abri  has  been  found  of  superior  quality. 

When  it  is  wished  to  change  the  place  where 
the  abri  is  erected,  and  to  transport  it  to  a  store 
of  new-felled  timber,  the  frame  is  taken  down, 
after  beating  off  the  clay  which  covers  it ;  the 
joints  are  then  cut  by  a  saw,  as  well  as  the  ends 
of  the  fork  which  fixed  the  frames  to  one 
another.  This  process  is  economical  in  use  and 
simple  and  cheap  in  construction,  since  all  the 
pieces  of  the  apparatus  are  easily  moved  about, 
and  may  be  readily  mounted  in  the  forests.  For 
obtaining  a  compact  charcoal  for  the  use  of 
artisans  this  mixed  process  of  Foucauld  is  said 
to  be  preferable  to  either  the  close  iron  cylinder 
or  the  pile. 

For  making  gunpowder-charcoal  the  lighter 
woods,  such  as  the  willow,  dogwood,  and  alder, 
answer  best ;  and  in  their  carbonisation  care 
should  be  taken  to  let  the  vapours  freely  escape, 
especially  towards  the  end  of  the  operation,  for 
when  they  are  re-absorbed  they  greatly  impair 
the  combustibility  of  the  charcoal. 

The  charcoal  of  some  woods  contains  silica, 
and  is  therefore  used  for  polishing  metals. 
Being  a  bad  conductor  of  heat,  charcoal  is 


employed  sometimes  in  powder  to  encase  small 
furnaces  and  steam-pipes.  It  is  not  affected  by 
water,  and  hence  the  extremities  of  stakes 
driven  into  moist  ground  ai'e  not  liable  to  de- 
composition. In  like  manner  casks  when  charred 
inside  preserve  water  much  better  than  common 
casks,  Ijecause  they  furnish  no  soluble  matter  for 
fermentation  or  for  food  to  animalcules. 

For  making  crayons  of  charcoal  the  willow 
is  the  best  wood  that  can  be  employed,  as  the 
softness  is  uniform  in  all  its  parts.  The  dura- 
bility of  charcoal  may  be  seen  in  several  of  our 
old  churchyards,  where  the  letters  made  with 
lampblack  are  still  perfect,  though  the  whitelead 
with  which  the  body  of  the  stones  was  painted 
is  entirely  destroyed.  This  j^roperty  of  carbon 
is  shown,  however,  in  a  more  striking  manner 
by  the  writings  that  were  found  in  the  ruins  of 
Herculaneum,  which  have  retained  their  original 
blackness  for  two  thousand  years.  The  ancients 
wrote  with  ink  made  from  ground  charcoal. 

If  it  be  required  to  purify  any  carbonaceous 
matter  to  render  it  fitter  for  delicate  pigments, 
this  may  be  done  by  first  calcining  it  in  a  close 
vessel,  and  then  lixiviating  it  in  water  slightly 
acidulated  by  nitric  acid. 

The  incorruptibility  of  charcoal  was  well 
known  to  the  ancients,  and  they  availed  them- 
selves of  this  proi^erty  upon  all  important  occa- 
sions. 

Some  years  ago  a  quantity  of  oak  stakes 
were  found  in  the  bed  of  the  Thames,  in  the 
very  spot  where  Tacitus  says  that  tlie  Britons 
fixed  a  vast  number  of  such  stakes  to  prevent 
the  passage  of  Julius  Caesar  and  his  army. 
These  stakes  were  charred  to  a  considerable 
depth,  had  retained  their  form  completely,  and 
were  firm  at  the  heart. 

Most  of  the  houses  in  Venice  stand  upon 
piles  of  wood,  which  have  all  been  previously 
charred  for  tlieir  preservation.  In  this  country 
estates  were  formerly  marked  out  by  charred 
stakes  driven  to  a  considerable  depth  into  the 
ground.  These  are  occasionally  found,  and 
usually  the  charred  portions  are  quite  perfect, 
although  every  other  part  is  decayed  (Ure) 
{v.  Wood,  destructive  distillation  of). 

Wood  charcoal  possesses  in  a  remarkable 
degree  the  power  of  absorbing  gases  in  its  pores, 
and  in  many  cases  of  determining  their  combi- 
nation.   This  power  increases  with  its  porosity. 
As  ordinary  charcoal  contains  atmospheric  air 
in  its  pores,  it  must  for  this  purpose  be  prepared 
by  heating  it  to  redness  in  a  close  vessel,  and 
cooling  over  mercury.    Saussure  gives  the  fol- 
lowing table  for  the  absorptive  power  of  freshly 
ignited  boxwood  charcoal  u^wn  different  gases  : 
Ammonia  gas        .       .       90  vols. 
Hydrochloric  acid  gas   .       85  ,, 
Sulphur  dioxide     .       .       05  „ 
Hydrosulphuric  acid      .       55  ,, 
Nitrous  oxide        .       .       40  ,, 
Carbon  dioxide      .       .       35  „ 
Ethylene       ...  35 
Carbon  monoxide  .       .         y-42  ,, 
Oxygen  ....         <)-25  „ 
Nitrogen        .       .       .         G'5  „ 
Hydrogen      .       .       .         1-25  ,, 
Charcoal  obtained   from   the  shell  of  the 
cocoa-nut  appears  to  have  still  greater  absorp- 
tive properties,  absorbing  according  to  Hunter, 
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Ammonia        .       .       .    171'7  vols. 
Carbon  dioxide .       .       .    07'7  „ 
Carbon  monoxide     .       .    21-2  „ 
Oxygen     ....    179  „ 

In  consequence  of  this  absorption  of  gases  in 
the  pores  of  charcoal,  their  chemical  activity 
is  greatly  increased.  When  a  piece  of  charcoal 
which  has  absorbed  a  considerable  quantity  of 
sulphuretted  hjdrof,'cn  is  introduced  into  oxygen, 
a  violent  reaction  immediately  takes  place,  water 
and  sulphur  dioxide  being  set  free.  If  air  be  em- 
ployed instead  of  oxygen,  sulphur  is  deposited. 

This  property  is  utilised  in  the  removal  of 
ftctid  and  bad-smelling  gases  from  rooms,  and  in 
the  sweetening  of  bad  smelling  liquids  and  of 
clothes.  For  this  purpose  charcoal  of  average 
porosity  is  found  to  he  the  most  ellicicnt,  and 
it  should  be  in  moderate-sized  pieces,  its  absor- 
bent power  being  greater  in  this  state  than  when 
in  fine  powder  or  in  very  large  pieces. 

Crude  alcohol  is  occasionally  allowed  to  re- 
main for  some  time  in  contact  with  charcoal  to 
remove  fusel  oil. 

When  charcoal  is  boiled  in  a  solution  of 
platinum  tetrachloride,  it  bccamcs  impregnated 
with  platinum  and  is  known  as  platinised 
charcoal.  This  substance  possesses  in  a 
greatly  increased  degree  the  power  of  inducing 
chemical  combination. 

Charcoal  containing  2  p.c.of  platinum  causes 
oxygen  and  hydrogen  to  unite  completely  in 
about  a  quarter  of  an  hour,  the  rapidity  increas- 
ing with  the  percentage  of  platinum,  charcoal 
containing  a  larger  quantity  of  platinum  acting 
like  platinum  sponge.  Platinised  charcoal  may 
be  applied  to  the  preparation  of  air-filters  and 
respirators,  and  also  as  a  mild  caustic  (Steu- 
house,  C.  J.  8,  10.3). 

A  further  property  of  charcoal  is  its  power 
of  depriving  most  coloured  liquids  of  their 
colouring  matters,  by  absorbing  them  within  its 
pores.  The  colouring  of  red  wine,  cochineal, 
madder,  or  indigo,  can  thus  be  removed  from 
solutions. 

This  property  was  discovered  in  17D0  by 
Lowitz,  and  is  made  use  of  on  the  large  scale  in 
several  industrial  operations,  particularly  in  the 
process  of  refining  sugar.  It  is  most  strikingly 
possessed  by  bone-black  or  animal  cluircoal 
{q.  v.). 

Charcoal  of  higher  decolourising  power  is 
obtained  from  blood,  horns,  hoofs,  clippings  of 
hides,  glue,  &c.,  in  contact  with  pearl-ash.  A 
good  decolourising  charcoal  is  also  obtained  by 
carbonising  vegetable  a^atters  mixed  with  chalk, 
calcined  Hints,  or  other  earthy  substances. 

.  Charcoal  also  precipitates  or  absorbs  certain 
substances  from  solution,  notably  iodine,  lime 
and  its  salts  (being  used  for  the  purification  of 
highly  calcareous  waters),  lead-salts  and  most 
metallic  subsalts,  besides  many  organic  sub- 
stances, as  the  bitter  principles  of  hop,  gentian, 
and  aloe,  tannin,  alkaloids  and  resius,  from  their 
alcoholic  solution. 

Oas-carbou  (Glance  coal)  is  a  very  dense  form 
of  carbon,  deposited  in  the  upper  part  of  the 
retorts  in  the  manufacture  of  coal-gas  and  in 
blast-furnaces.  It  often  exhibits  the  lustre  and 
sonority  of  a  metal,  is  very  hard,  and  a  good 
conductor  of  heat  and  electricity.  It  is  used  to 
form  the  negative  element  in  a  Bunsen  battery. 


Lamp-black  is  prepared  on  the  large  scale  by 
burning  fat,  oil,  rosin,  tar,  Ac.,  with  an  imperfect 
supply  of  air,  either  in  a  brick  furnace  or  in 
cast-iron  chambers,  the  products  of  combustion 
being  conducted  through  a  ftue  into  a  large 
chamber,  from  the  ceiling  of  which  a  large  cloth' 
hood  is  suspended,  upon  which  the  lamp-biack 
is  deposited.  In  this  way  only  the  loose  light 
soot  is  collected,  the  denser  soot  remaining  be- 
hind in  the  flue. 

An  arrangement  of  lamps  for  the  preparation 
of  an  especially  fine  quality  of  lamp-black  from 
waste-fat  and  mineral  oils  is  described  in  Payen- 
Paul,  pp.  64,  05. 

The  lamp-black  obtained  by  these  processes 
contains  about  80  p.c.  of  carbon,  and  is  always 
contaminated  with  resinous  and  oily  substances, 
j  together  with  water  and  ammonium  sulphate, 
and  small  quantities  of  other  inorganic  salts. 
It  can  be  purified  by  heating  to  redness  in 
closed  crucibles  to  remove  organic  matter,  and 
by  treatment  with  hydrochloric  acid  and  sub- 
sequent washing  with  water  to  remove  tlie 
mineral  ingredients.  Commercial  lamp-black  is, 
however,  sulficiently  jjure  for  the  purpose  for 
which  it  is  usually  employed — viz.,  for  painting 
and  the  manufacture  of  printer's  ink, 

Co>rrouKns  of  Cvnuox. 
Carbon  tetrabromide  or  Tetrabrom-methane 

CBr,.  White  lustrous  crystals,  of  a  characteristic 
pungent  smell,  m.p.  Of^,  b.p.  189'5°  (witii  slight 
decomposit'on).  Insoluble  in  water,  soluble  in 
alcohol,  ether,  and  chloroform.  Best  obtained 
by  action  of  bromine  ou  carbon  disulphide  in 
presence  of  iodine  (Bolas  a.  Groves,  C.  J.  [21  8,- 
101;  9,  773). 

Carbon  tribromide  or  Hexabromide  Tctra- 
hrommdhylcnc  dibnvnidc  C.llr,..  Small  rect- 
angular prisms  obtained  by  action  of  bromine 
on  ethylene  dibromide,  or  by  heating  C._.H'Brj 
with  bromine  and  water  at  17^.  Soluble  in 
carbon  bisulphide  ;  insoluble  in  alcoliol  and  ether* 
Decomposed  at  200"  into  CBr^  and  Br.,  (Hebout, 
A.  124,  271). 

Carbon  ditroaiide  Tetrahrommethylcne  CJ3r,. 
White  crystals,  m.p.  53°,  formed  by  action  of 
nascent  hydrogen  on  C.J3r,j  (Lowig,  A.  3,  292  ; 
Lennox,  C.  J.  14,  209). 

Carbon  bromochloride  v.  Watts'  Diction  u!Y. 

Ca.boa  tetrachloride  or  Tetrachlormethane 
CCl,  was  first  obtained  by  Eegnault  (A.  Ch.  [2] 
71,  337),  who  prepared  it  by  the  action  of  chlor- 
ine on  chloiotorm  in  sunshine  CHCl^ -t- Cl.j  = 
HCUCCl,. 

Dumas  afterwards  obtained  it  by  the  action 
of  chlorine  upon  marsh  gas  (A.  Ch.  [3J  73,  9;")). 
It  is  now  manufactured  by  passing  carbon 
bisulphide   saturated  with  chlorine  through  a 
red-hot  tube.     The  mixture  of  carbon  tetra- 
chloride and  sulphur  chloride  thus  obtained  is 
I  treated  with  potash  or  milk  of  lime  and  the 
■  tetrachloride  distilled  off  (Kolbe,  A.  4.5,  41  ; 
51,  14(1).    The  tetrachloride  may  contain  carbon 
disulphide  if  that  substance  was  in  excess  or  if 
the  heat  was  insufficient.    This  maybe  removed 
by  leaving  the  liquid  for  some  time  in  contact 
{  with  potash.    Geuther  removes  the  carbon  sul- 
phide by  converting  it  into  potassium  xanthato 
I  by  dissolving  the  mixture  in  alcohol,  adding 
I  alcoholic  potash  so  long  as  the  liquid  becomeu 
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darker  in  colour,  and  heating  gently  ;  tlie  un- 
altered tetrachloride  is  separated  by  water  and 
purified  by  washing  (Geutber,  A.  107,  212). 

Carbon  tetrachloride  may  also  be  obtained  by 
the  action  of  antimony  pentachloride  upon 
carbon  disulphide.  The  mixture  becomes  hot, 
and  on  cooling  deposits  crystals  of  antimony 
trichloride  mixed  with  sulphur,  whilst  carljon 
tetrachloride  remains  in  solution  (Hofmann, 
C.  J.  13,  C5).  Carbon  tetrachloride  is  a  thin 
transparent  colourless  oil,  with  a  pungent  aro- 
matic odour;  b.p.  76-7°,  and  sp.gr.  1-(;31!)5!^° 
(Thorpe,  C.  J.  1880,  201).  It  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether.  It 
yields  chlorine  and  lower  chlorides  of  carbon  on 
passing  through  a  red-hot  tube  (Regnault,  I.e.). 
When  mixed  with  hydrogen  and  passed  through 
a  red-hot  tube  with  jjumice,  it  yields  marsh  gas 
and  ethylene  (Berthelot,  A.  Ch.  53,  69).  Treated 
in  the  same  manner  with  sulphuretted  hydrogen 
it  yields  hydrochloric  acid  and  carbon  sulpho- 
chicride  CSCl,  (Kolbe,  A.  45,  41,  and  54,  140). 
In  alcoholic  solution,  and  treated  with  potassium 
amalgam,  it  yields  chloroform,  marsh  gas,  and 
metheue  chloride  (Regnault,  I.e.).  Witli  phos- 
phorus pcntoxide  phosgene  is  produced  (Gus- 
tavson,  Z.  [2]  7,  015).  With  zinc  and  dilute 
acid  it  is  converted  into  hydrochloric  acid  and 
chloroform  (Gouther,  I.e.).  Alcoholic  potash 
slowly  converts  it  into  i^otassium  chloride  and 
carbonate  (Regnault,  Lc.)  by  long-continued 
action  at  100^  in  sealed  tubes.  Ale  jholic  po- 
tash converts  it  partially  into  ethylene  (Bcrtlie- 
lot,  A.  Ch.  109,  118).  With  phenylamine  it  yields 
carbotriphenyltriamine  (Hofmann,  Pr.  0,  284, 
and  10,  184).  It  is  decomposed  at  200°  by 
molecular  silver,  being  converted  into  hexchlor- 
ethane  C.Cl,  (Goldschmidt,  B.  14,  927).  By 
heating  with  aluminium  bromide  it  is  readily 
converted  into  carbon  tetrabromide  (Gustavson, 
Bl.  [2]  30,  550). 

Carbon  trichloride  Cat  hon  hcraeldoridc, 
Tetrad ilorctlujlcne  dicliloride  C.,Cl^,  discovered 
by  Faraday  (Tr.  1820-47),  also  investigated 
by  Regnault  (A.  Ch.  [2]  09,  100,  and  [2J  81, 
371)  is  obtained  by  the  action  of  chlorine  in 
sunshine  upon  various  derivatives  of  ethyl  and 
ethylene ;  on  carbon  diehloride,  on  ethylene 
chloride  (Faraday,  I.e.,  and  also  Liebig,  A.  1, 
219)  ;  on  ethyl  chloride,  first  in  the  shade, 
afterwards  in  sunshine  (Laurent,  A.  Ch.  [2]  84, 
328)  ;  on  mono-,  di-,  or  trichlorinated  ethyl 
cl  Ijride  (Regnault,  I.e.)  ;  on  ethyl  sulphite 
(Ebelmen  and  Bouquet,  A.  Ch.  [3]  17,  06)  ;  on 
ethyl  oxide  (Regnault)  ;  on  hydrochlorate  of 
ethylaraine  (Geuther  and  Hofacker,  A.  Ch. 
108,  51)  (in  this  process  some  chloride  of  nitro- 
gen is  produced) ;  by  passing  the  tetrachloride 
through  a  red-hot  tube  (Regnault,  A.  Ch.  [2J 
71,  737)  ;  by  distilling  percblorethylic  oxide, 
and  repeatedly  treating  the  distillate  with  water 
(Malaguti,  A.  Ch.  [3]  10,  6,  and  14). 

Carbon  trichloride  crystallises  in  right 
rhombic  prisms.  Colourless,  transparent,  and 
nearly  tasteless,  but  having  an  aromatic  odour. 
Sp.gr.  =  2-0;  m.p.  187°,  volatilising  even  at  ordi- 
nary temperatures.  Insoluble  in  water,  soluble 
in  alcohol  and  ether,  and  in  all  oils.  Converted 
by  repeated  distillation  into  the  diehloride  and 
free  chlorine.  Burns  with  a  red  light  in  the 
flame  of  a  spirit  lamp.    Mixed  with  hydrogen 
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and  passed  through  a  red-hot  tube  it  yields  di- 
ehloride and  hydrochloric  acid  (Geutlier,  I.e.). 
Metals  heated  in  its  vajjour  form  metallic' 
chlorides,  charcoal  being  deposited.  Heated 
with  an  alcoholic  solution  of  potassium  sulphy- 
drate  it  decomposes,  yielding  amongst  other  pro- 
ducts carbon  diehloride  (Regnault,  I.e.).  Heated 
in  sealed  tubes  with  potassium  hydrate  it  yields- 
potassium  oxalate  and  chloride 

C,C1,  +  8KH0  =  K,C,0 , 4-  OKCl  -i-  4H,0 
(Geuther,  A.  00,  247).    The  same  products  to- 
gether with  hydrogen  and  ethylene  are  formed 
when  it  is  heated  with  alcoholic  potash  iu  sealed 
tubes  (Berthelot,  A.  Ch.  109,  118). 

Carbon  diehloride  Tctrachlorctltijicne  CCl^ 
(Faraday,  Tr.  1821,  47;  Regnault,  A.  Ch.  [2]  70, 
104  and  81,  372),  is  formed  as  a  liquid  coloured 
with  chlorine  when  the  vapour  of  carbon  tri- 
chloride is  passed  through  a  red-hot  tube  filled 
with  fragments  of  glass.  It  is  purified  by  pass- 
ing it  repeatedly  through  a  red-hot  tube,  then 
shaking  up  with  mercury  and  rectifying  at 
a  low  temperature  (Faraday).  More  easily  ob- 
tained by  adding  carbon  trichloride  in  small 
portions  to  an  alcoholic  solution  of  hydrogen 
potassium  sulphide,  as  long  as  sulphuretted 
hydrogen  is  given  off.  The  liquid  is  distilled  and 
carbon  diehloride  separates  from  the  distillate' 
on  dilution  with  water  (Regnault,  I.e.).  Mobile 
hquidof  sp.gr.  =  1-019  at  20°  (Regnault),  1-012 
at  10°  (Geuther),  b.p.  =  122X\  (Regnault),  110°C. 
(Geuther),  remains  liquid  at  —18°  and  docs  not 
conduct  electricity.  Insoluble  in  water,  acids, 
and  alkalis,  but  dissolves  iu  alcohol,  ether,  and 
oils.  Decomjposed  at  a  red  heat  into  the  Jicx- 
chlorobcmcnc  C,Ch  and  free  chlorine.  When 
its  vapour  is  iJassed  over  baryta  at  a  red  heat,  it 
is  decomposed  with  vivid  ignition  into  barium 
chloride,  carbon  dioxide,  and  charcoal.  It  absorbs 
bromine  in  the  sunshine,  forming  carbon  chloro- 
bromidc  C,^Cl|Br.„  It  is  converted  by  continued 
heating  to  200°  with  potassium  hydrate  into 
p)otassium  oxalate  and  chloride,  hydrogen  being 
given  off  (Geuther,  A.  110,  247).  It  absorbs  dry 
chlorine  in  sunshine,  forming  the  trichloride, 
but  is  converted  into  triehloraci'tic  acid  when  ex- 
posed to  an  atmosphere  of  chlorine  under  water 

G.Cl ,  +  2H„0  +  CL,  =  3  HCl  +  C  ,HC1,0 , 
(fvolbe,'A.  54,  181). 

Hexchlorobenzene  C,Ch,  discovered  in  1821 
by  .Julin  and  investigated  by  Phillips  and  Fara- 
day, Tr.  1821,  and  by  Regnault  (A.  Ch.  [2]  70, 
144)  who  prepared  it  by  passing  the  vapour  of 
chloroform  or  tetraclilorethylene  through  a  porce- 
lain tube  tilled  with  fragments  of  porcelain  and 
heated  to  redness ;  the  crystalline  product  is 
dissolved  in  ether,  filtered,  evaporated  to  dryness 
and  sublimed.  Obtained  by  Hugo  Miiller  as  a 
final  product  of  the  action  of  antimony  penta- 
chloride or  chlorine  in  presence  of  iodine  on 
benzene.  For  other  methods  of  preparation  v. 
W.\TTs'  Bic  rioNAUY.  Fomis  white  delicate  needles 
with  a  silky  lustre,  tasteless,  but  with  an  odour 
resembling  spermaceti;  sublimes  without  fusion 
at  120°. 

Insoluble  in  water,  acids  and  alkalis,  hut 
soluble  in  alcohol,  ether,  and  hot  oil  of  turpentine. 
Decomposed  into  chlorine  and  charcoal  on  pass- 
ing through  a  red-hot  porcelain  tube  filled  with 
glass  or  rock  crystal.  Burns  with  a  bluish 
colour  iu  the  flame.    Potassium  burns  on  being 
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strongly  lieated  in  its  vapour.  Fonnerly  re- 
garded as  carbon  monochloride :  molecular 
formula  established  by  Bassett  (C.  J.  [2]  5,  443). 

Carbon  telraiodide  Tctraiodomctltarie  CI,. 
Dark  red  octahedra  ;  sp.gr.  4-32,  obtained  by 
action  of  aluminium  iodide  on  a  mixture  of 
carbon  tetrachloride  and  bisulphide  (Uustavson, 
B.  11,  1705). 

Carbon  nitride  v.  Cijanogcn,  art.  Cy.cjides. 

Carbon  oxychloride  COCl...  Carbonyl  di- 
chloridc,  Clduro-carbonic  acid,  Pliostjcne  gas. 
First  obtained  by  J.  Davy  by  action  of  sunlight 
on  mixture  of  carbon  monoxide  and  chlorine. 
For  details  of  this  mode  of  preparing  it  v.  Em- 
meling  a.  Lengyel,  A.  Suppl.  7,  101,  and  Wilm 
and  Wischin,  A.  147,  4.50.  Also  obtained 
by  passing  carbon  monoxide  into  boiling  an- 
timony pentachloride  (Hofmann,  .\.  70,  139 ; 
Butlerow,  Z.  18G3,  484 ;  Kraut,  Gm.-K.  I.  2, 
380) ;  by  heating  carbon  tetrachloride  with  zinc 
oxide  in  closed  tubes  at  200^,  or  by  mutual 
action  of  carbon  tetrachloride  and  carbon 
monoxide  at  400° ;  or  by  heating  a  mixture  of 
chloroform,  potassium  bichromate,  and  sul- 
phuric acid.  For  other  methods  v.  Waits' 
DicrioxAitY. 

Carbon  oxychloride  is  a  colourless  liquid 
boiling  at  8°-2,  and  of  sp.gr.  1-432^°.  Soluble 
in  acetic  acid  and  benzene ;  decomposed  by 
water:  C0C1,+  H.O  =  CO,  +  2IIC1.  With  alcohol 
forms  chhfocai  bonic  ether  CO.CIO.C.H..  Com- 
bines with  ammonia  to  form  urea  and  ammo- 
nium chloride. 

Carbon  monoxide ;  cai  bonoiis  or  carbonic 
oxide;  formic  anhydride;  CO.  Sp.gr.  •9078; 
(air  =  1).  V.D.  14.  (  -  180°)  (Wroblewski,  C.  R. 
98,  982).  S.H.p.  -2340.  S.H.v.  -10844  (Wiede- 
mann,  P.  157,  1).  C.E.  -003607  (Kegnault). 
S.  (0°)  -0287;  (9°)  -0209;  (18-5°) -02315  (Ihin- 
sen).  S.  alcohol  (2°)  -2035G;  (13°)  -20410;  (10°) 
-20506  ;  (24°)  -20452  (Bunsen) ;  lu,  =  1-000301  ;  ' 

=  1  00035  ;  ii„  =  1-000391  (Croullebois,  A. 
Ch.  [4]  20,  136).   Does  not  exactly  obey  Boyle's 

law ;  f  ^-  =  1-00293   (Regnault,  Acad.  62,  26) 

liquefied  by  cooling  to  —130°  at  prefsure  of 
200-300  atmospheres  (Wroblewski  and  Olszewski, 
A.  Ch.  [6j  1,  112). 

Discovered  by  Lassonne,  and  independently 
by  Priestley.  Composition  lirst  established  by 
Clement  and  Desornies. 

Produced  by  the  oxidation  of  charcoal  at  high 
temperatures.  By  the  deoxidation  of  carbon 
dioxide  by  means  of  hydrogtn,  carbon,  metals, 
itc,  at  a  red  heat.  In  the  reduction  of  metallic 
oxides  by  charcoal  or  coke.  By  the  dry  dis- 
tillation of  many  organic  compounds,  and  to- 
gether with  hydrogen  and  carbon  dioxide  when 
steam  is  passed  over  red-luit  charcoal.  By  pass- 
ing electric  sparks  through  carbon  dioxide  (lUiff 
and  Hofmanif,  A.  113,  140)  or  bv  heating  carbon 
dioxide  to  1,.300°  (Deville,  C.  E.  59,  873).  By 
heating  dehydrated  oxalic  acid,  or  by  heating 
dry  alkaline  formates  and  acetates  with  formic 
acid  (Lorin,  C.  K.  82,  750).  By  heating  an 
oxalate  or  formate  or  these  acids  with  concen- 
trated sulphuric  acid. 

Prepared  by  the  decomi)osition  of  oxalic  or 
formic  acid  or  potassium  ferrocyanide  by  con- 
centrated sulphuric  acid  (Fownes). 


(1)  C  .n  .O  c=CO-f  CO  .+  tt,0. 

(-2)  CH.O..  =  CO  +  H.O". 

(3)  K,Fe(CN),-i-CH."SO,  +  CH,0 

=  OCO  +  2ILS0'+  3(NH,)IS0,  +  FeSO,. 

In  the  first  case  the  gas  is  mixed  with  carbon 
dioxide,  which  must  be  removed  by  passing 
through  potash  or  lime-water.  In  the  last  re- 
action it  is  quite  free  from  carbon  dioxide,  but 
if  the  temperature  is  too  high,  a  quantity  of 
sulphur  dioxide  is  produced  in  addition  to  tho 
carbon  monoxide.  It  is  liable  also  to  contain  a 
small  quantity  of  hydrocyanic  acid  vapour. 

Dry  calcium  oxalate  or  barium  oxalate  is 
mixed  with  about  jV,  dry  lime  and  strongly  heated, 
the  gas  passed  through  lime  and  dried  :  CaC^O, 
=  CaCOj  +  CO,  any  carbon  dioxide  formed  being 
absorbed  by  the  lime. 

2>o/jcr/iVs.— Colourless,  tasteless  gas,  com- 
bustible, non-supporter  of  combustion.  Absorbed 
by  carbon,  by  several  metals,  and  by  a  solution 
of  cuprous  chloride  in  hydrochloric  acid  or  am- 
monia. It  acts  as  an  energetic  reducer.  It  is  a 
highly  jioisonous  gas,  producing  giddiness,  and 
ultimately  asphyxia  when  inhaled.  According 
to  Leblauc  (A.  Ch.  [3^  5,  223),  it  is  chietly  tho 
presence  of  this  gas  that  causes  the  poisonous 
action  of  air  in  which  charcoal  has  been  burnt. 
It  combines  with  the  red  colouring  matter  of 
the  blood-forming  carboxyha'moglobin,  and  may 
be  recognised  by  its  absorption  spectrum,  which 
is  almost  identical  with  that  of  oxygenated  b'.cod, 
and  is  characterised  by  two  bands  between  1) 
and  E.  On  the  addition  of  ammonium  sulphide 
these  disappear  in  the  case  of  oxygenated  blood, 
and  the  spectrum  shows  one  band  midway  be- 
tween D  and  E,  but  remain  unchanged  if  carbon 
monoxide  is  present  (Vogel,  B.  11,  235  ;  Ho)q>e- 
Sevler,  Fr.  3,  439,  also  Prevcr,  J.  1867,  802  ; 
Nawrocki,  J.  16,  640  ;  Grehniit.  C.  E.  87,  193). 
Carbon  monoxide  burns  ordinarily  with  a  blue 
flame,  which  by  previous  heating  becomes  red, 
generating  carbon  dioxide.  The  temperature  of 
its  flame  in  air  is  about  1,400'^  (Valerius,  J.  1874, 
58).  When  dry  it  is  not  changed  by  the  electric 
current  nor  by  ignited  platinum  wire,  but  when 
standing  over  water  it  is  dei-omi>osed  by  a 
glowing  platinum  spiral  (Buff  and  Hofmann, 
C.  J.  12,  273).  When  not  absolutely  dry  it  may 
be  exploded  with  oxygen  by  the  electric  spark  or 
by  platinum  wire  heated  to  300°  or  by  spongy 
platinum  at  ordinary  temperatures.  2  vols.  CO 
unite  with  1  vol.  O,  forming  2  vols.  C0._,. 

Dixon  (T.  1884,  617)  has  shown"  that  no 
action  takes  place  when  a  spark  is  passed  into 
a  mixture  of  perfectly  dry  carbon  monoxide  and 
oxygen,  but  that  a  mere  trace  of  moisture  renders 
the  mixture  explosive.  The  combination  takes 
place  very  slowly  in  presence  of  small  quantities 
of  steam,  and  increases  in  rapidity  with  the 
quantity  of  steam  present.  Probable  reactions  : 
2C0  +  2H  .0  =  2C0.,  -^  2H 
2H.,-(-b,  =  2H,6. 

Hence  the  steam  acts  as  a  carrier  of  oxygen 
to  carbon  monoxide  (v.  Dixon,  C.  J.  49,  94). 

According  to  Armstrong  (C.  J.  49,  112),  the 
changes  are. 

Before  explosion  O.H.O.CO 
After       „  OH.^.OCO. 

Small  quantities  of  other  gases  than  steam 
were  tried  :  if  the  gas  contained  hydrogen,  ex- 
plosion occurred,  if  the  gas  contained  no  hydro- 
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gen,  no  explosion  occnrrecl.  Wlicn  a  mixture  of 
carbon  monoxide  and  steam  is  heated  to  about 
GOO^  a  portion  of  the  carbon  monoxide  is 
oxidised.  If  the  carbon  dioxide  is  removed  as 
it  is  formed,  the  whole  may  be  oxidised.  L. 
Meyer's  experiments  (B.  19, 1,099)  seem  to  prove 
that  a  dry  mixture  of  carbon  monoxide  and 
oxygen  can  be  exploded  if  a  very  strong  spark  is 
used,  and  a  sufficiently  high  temperature  then 
obtained,  and  if  the  gases  are  under  considerable 
pressure.  When  sparks  from  an  induction  coil 
are  passed  through  a  mixture  of  carbon  mon- 
oxide and  steam,  carbon  dioxide,  a  little  formic 
acid,  and  sometimes  carbon,  are  formed  (Dixon, 
C.  J.  49,  94).  When  to  a  mixture  of  dry  carbon 
and  hydrogen  oxygen  insutliciont  for  complete 
combustion  is  added,  and  the  mixture  exploded 
by  the  spark,  carbon  dioxide  and  steam  are 
formed  in  a  ratio  dependent  upon  the  shape  of 
the  vessel  and  the  pressure  up  to  a  certain  limit, 
calledthe  '  critical  pressure.'  Above  this  pressure 
the  ratio  of  the  formation  of  carbon  dioxide  and, 
water  is  independent  of  the  shape  of  the  vessel. 
The  critical  pressure  becomes  lower  the  larger 
the  quantity  of  oxygen  used.  The  ratio 
CO  +  H^O  :  C0_,  +  Hj  remains  constant  as  long  as 
the  vol.  of  the  hydrogen  is  more  than  twice  that 
of  the  oxygen,  provided  no  steam  condense,  and 
the  pressure  is  above  the  critical  pressure. 
When  the  vol.  of  hydrogen  is  less  than  twice  the 
vol.  of  oxygen  the  above  ratio  diminishes.  The 
presence  of  an  inert  gas  increases  the  formation 
of  carbon  dioxide  and  diminishes  that  of  water, 
hence  it  lowers  the  value  of  the  ratio 

CO  +  HO:CO,+  H,. 
This  ratio  is  calledthe  '  coetliciont  of  affinity' 
of  the  reaction  (Dixon,  T.  1884,  617  ;  C.  J.  49, 
94).  According  to  Brodie,  when  carbon  mon- 
oxide and  hydrogen  are  submitted  to  the  action 
of  the  silent  discharge  marsh  gas  is  formed  by 
synthesis,  when  pure  and  dry  carbon  monoxide 
is  circulated  through  the  induction-tube  it  is 
decomposed,  carbon  dioxide  being  formed  to- 
gether with  other  'oxy-carbons  '  of  the  formuhc 
C,0,  and  C,0,  (Brodie,  Pr.  21,  245). 

Carbon  monoxide  is  converted  into  carbon 
dioxide  under  the  influence  of  nascent  oxygen 
from  chromic  acid  (Ludwig,  A.  142,  47),  but  not 
by  ozone,  either  by  difl'used  daylight  or  in  direct 
sunshine  (Eemsen  and  Southwark,  Am.  S.  [3] 
11,  136).  It  is  likewise  oxidised  by  palladium 
charged  with  hydrogen  in  presence  of  oxygon 
and  water  (Traube,  B.  15,  2325,2854;  16,123) 
(Ilemsen  and  Keiser,  B.  17,  83)  by  mixing  with 
oxygen  and  passing  over  platinum-black ;  by 
nitvic  oxide  (Hasenbach,  J.  pr.  [2]  4, 1)  by  heating 
with  metallic  oxides  and  with  many  oxysalts. 

Pure  carbon  monoxide  forms  a  colourless 
transparent  liquid  under  200-300  atmospheres 
at  —  139°  and  solidifies  to  a  snowy  mass  in  vacuo 
at  -211°  (Olszewski,  C.  E.  99,  706  ;  100,  360). 

Carbon  monoxide  ccmbines  -with  potassium 
at  about  80°  to  form  an  explosive  compound, 
KCO  (Brodie,  C.  J.  [2J  12,  260).  It  is  rapidly 
absorbed  by  a  solution  of  cuprous  chloride  in 
anm  on'a  or  hydrochloric  acid,  by  which  means  it 
may  lie  directly  estimated  in  a  gaseous  mixture 
{cf.  Tlionias,  C.  N.  37,  6).  It  unites  directly  with 
clilorine,  forming  phosgene  gas  (Schiitzenberger, 
yj.  [2]  4,  321).  It  is  absorbed  by  heated  potassium 
hydrate  at  about  200°,  forming  potassium  formate 
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(Bcrthclot,  A.  Ch.  [3]  61,  403).  Frohlich  and 
Geuther  (A.  202, 317)  recommend  passing  carbon 
monoxide  over  soda-lime  for  this  purpose.  It 
combines  with  sulphur  to  form  carbon  oxysul- 
phide ;  with  platinum  tetrachloride  to  form 
CjO.PtCl,  and  C,,0,PtCl,,  (Sohiitzenberger,  A.  Ch. 
[4]  21,  430).  It  is  rapidly  absorbed  by  anhydrous 
hydrocyanic  acid,  cooled  by  a  freezing  mixture, 
two  layers  being  formed,  but  the  gas  is  evolved 
on  removing  the  tube  from  the  mixture  (Bottin- 
ger,  B.  10,  1,122).  It  acts  on  metallic  alco- 
holates  with  formation  of  acids  by  synthesis 
(Geuther,  A.  202,  288  ;  Schroeder,  A.  221,  34). 

Carbon  dioxide  Carbonic  anhydride,  car- 
bonic acid  CO,;  sp.gr.  (gas)  1-53  (1-5241, 
Kegnault);  sp.gr.  (liquid)  1-057  at  -34°;  -966 
at  -11°;  -84  at  -hll°;  '726  at  -f  22-2°  (Caille- 
tet  and  Mathias,  C.  E.  102,  1,202).  Sp.gr. 
Eegnault,  A.  Ch.  [3]  26,  257.  V.D.  22  ;  22-42  at 
800°;  21-2  at  1180°  (Meyer  and  Goldschmidt,  B. 
15,  1165).  S.H.v.  =  -33  (eq.  vol.  air=l), -2169 
(eq.  wt.  air  =  l)  Eegnault  (C.  E.  36,  676,  &c.), 

Wiedemann  (P.  157,  24).  =  1-29  to  1-305 

(Amagat,  Eontgen,  C.  E.  71,  336;  77,  1,325). 

C.E.  =-0037  (Eegnault,   Magnus,  Joly).  ^ 

=  1-00722  (Eegnault,  C.  E.  20,  975).  At  200° 
obeys  Boyle's  law  (Amagat,  C.  E.  68,  1170  ;  73, 
183).  C.E.  hquid  CO.,  very  large,  120  vols,  at 
-20°  become  150  at  +  30° '(Thilorier,  A.  Ch.  60, 
427).  Critical  temperature  =  30-9°  (Andrews,  T. 
1869,  575).  Vap.  pressure  liquid  CO.,  in  atmo- 
spheres (Eegnault),  -25°  =  17-1;  -5°  =  30-9, 
0°  =  35-4,  .5° -40-5;  15°  =  52-2;  2.5°  =  66; 
solid  (hammered)  under  1-2°  (Landolt,  B.  17, 
309).  [-6.5°J  Mitchell,  [-57°]  Faraday;  [-78°] 
35°  =  82-2;  45°  =  100-4,  of  solid  CO.,"  in  atmo- 
spheres (Faraday).  -  57°=  5-33,  -70°-5  =  2-2  ; 
-99-4°  =  1-14;  b.p.  solid  CO.,,  i.e.  temp,  at 
which  vap.  pressure  =760  mm.,  is  much  lower 
than  m. p.  Eegnault  and  Pouillet  found  —78° 
to  -79°  (P.  77,  107).  (Thilorier)  =-95°  to 
—  98° ;  (Faraday)  =  —  99°.  By  evaporating  solid 
CO.,  mixed  with  ether  a  temperature  of  about 
-100°  is  obtained.  =  1-000395  ;  ^1,,;  =  1-000356; 
^,,  =  1-000496  (Croullebois,  A.  Ch.  [4]  20,  136; 
also  Chapman  andEiviere,  C.  E.  103,37).  H.F.p. 
(C.0.,)  =  96-96;  (CO.O)  =  67-67  ;  H.F.v.  (CO.,) 
96-96;  (CO.O)  67-67;  (C.O.,.Aq)  102-84; 
(CO.O.Aq)  73-84;  (CO.,.Aq)  5-88; 

(CO.,Aq,wNaOHAq) 

(71  =  1  =  11-016)  ((1  =  2  =  20-184)   ()i  =  4  =  20-592). 

Thomsen — 

Solubility  of  CO,,  gas  in  water : 


at  0°  = 

1-7967 

at  11°  =  1-1416 

1°  = 

1-7207 

12°  =  1-1018 

2°  = 

1-6481 

13°=  1-0653 

3°  = 

1-5787 

14°  =  1  0321 

4°  = 

1-5126 

1.5°  =1-0020 

6°  = 

1-4497 

16°  =  0-9753 

6°  = 

1-3901 

17°  =  0-9519 

7°  = 

1-33.39 

18°  =  0-9318 

8°  = 

1-2809 

19°  =  0-9150 

9°  = 

1-2311 

20°=  0-9014 

10°  = 

1-1847 

absorption -coefficient 

=  1-7967  ^  -0770y  ^  -0016424^■. 
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Solubility  of  CO.,  gas  in  alcohol : 
at  3  'i^  =  4  0442  '       at  14-2°  =  3-2357 
(;-8°  =  3-7374  18°  =  3-0391 

10-4°  =  3 -4875  22-6°  =  2-8277 

absorption-coellicicnt 

=.  4-32'J55  -  OOSOoi  +  •00124<= 

(Bunsen,  A.  93,  1). 

Carbon  dioxide  was  known  to  Paracelsus  and 
Van  Helm^nt,  and  was  carefully  studied  by  Black. 
Its  true  composition  was  first  demonstrated  by 
Lavoisier  in  177.5.  It  was  liquefied  by  Davy 
and  solidified  by  Thilorier.  It  is  formed  by  the 
combustion  of  carbon  in  oxygen  or  air.  The 
presence  of  moisture  is  necessary  for  the  com- 
bustion of  carbon  in  oxygen  (Brereton  Baker,  C. 
J.  1885,  349).  Is  a  constant  product  of  ordinary 
processes  of  combustion.  It  is  also  formed  by 
the  respiration  of  animals,  in  various  processes 
of  fermentation,  and  by  the  decay  of  animal 
and  vegetable  substances.  It  is  ejected  from 
fissures  in  the  ground  in  volcanic  districts,  and 
from  the  craters  of  active  volcanoes,  and  exists 
in  solution  in  natural  waters,  some  of  which 
contain  it  in  such  quantities  as  to  effervesce.  It 
is  found  also  in  mines,  quarries,  wells,  and 
caverns,  particularly  in  limestone  districts.  It 
is  a  constant  constituent  of  the  atmosphere, 
which  contains  on  the  average  about  0-034  p.c. 
The  air  in  streets  often  contains  as  much  as  0-05 
to  0-09  p.c.  In  crowded  rooms  it  may  reach 
•3  p.c.  It  is  further  produced  by  the  decom- 
position of  carbonates  either  by  the  action  of 
heat  or  of  stronger  acids,  and  is  frequently 
formed  when  organic  bodies  are  subjected  to  high 
temperatures.  In  the  reduction  of  many  metallic 
oxides  by  carbon  ;  by  burning  carbon  monoxide; 
by  heating  together  carbon  monoxide  and  steam  ; 
and  by  the  action  of  steam  on  calcium  carbonate 
at  red  heat  -,  by  heating  a  mixture  of  j)otassium 
bichromate  and  sodium  carbonate. 

Best  prepared  by  acting  on  chalk,  marble,  or 
magnesito  with  dilute  hydrochloric  acid  solution. 
The  gas  may  be  collected  over  water  or  by  dis- 
placement of  air.  On  the  large  scale  it  is  obtained 
by  heating  chalk  or  limestone  to  redness  in  iron 
or  earthen  vessels  (in  lime  burning)  or  by  burn- 
ing charcoal.  It  is  manufactured  also  as  a  by- 
product in  the  combustion  of  fuel.  Also  pure 
on  large  scale  by  heating  carbonates  with  steam 
(S.  C.I.  3,  508). 

It  is  a  colourless,  inodorous,  heavy  gas, 
neither  combustible  nor  a  supporter  of  combus- 
tion. Strongly  heated  potassium  or  sodium  and 
brightly  burning  magnesium  burn  in  carbon 
dioxide.  It  liquefies  under  pressure  of  36  atmo- 
spheres at  0°. 

Liquid  carbon  dioxide  can  be  obtained  in 
large  quantities  by  an  apparatus  described  by 
Thilorier  (A.  30,  122).  Natterer  compresses 
carbon  dioxide  by  a  specially  constructed  air- 
punip  (J.  pr.  35,  I'tW ;  v.  also  "Gore,  T.  1861,  03). 
It  is  prepared  from  bisulphates,  by  the  action  of 
carbonates,  the  apparatus  consisting  essentially 
of  a  leaden  vessel  containing  a  solution  of  the 
bisuliihate  and  having  a  stirring  apparatus  and 
gear  lixed  air-tight  to  it.  By  means  of  a  tube 
and  pump  an  equivalent  quantity  of  calcium 
carboiuite  (obtained  as  a  waste  product  in  the 
inanufaclure  of  caustic  soda)  suspended  in  water 
in  a  second  vessel  is  forced  in  and  the  stirrer  set 
in  motion.    The  liberated  carbon  dioxide  is  dried 


and  passed  into  a  gasometer  from  which  it  is 
afterwards  condensed.  An  apparatus  is  also 
described  which  allows  the  evaporation  and  ex- 
pansion of  liquid  carbon  dioxide  to  take  place 
round  a  tube  containing  a  solution  of  calcium 
chloride.  The  latter  is  so  cooled  that  it  may  be 
used  for  the  manufacture  of  ice.  The  carbcn 
dioxide  thus  used  is  passed  over  moist  sodium 
[  carbonate,  converting  it  into  bicarbonate  which 
I  may  be  again  used  in  the  carbonic  acid  manu- 
factory. 

Liquid  carbon  dioxide  may  be  bought  in  iron  or 
steel  bottles  containing  8  kilos,  (about  4,000  litres 
of  the  gas  at  ordinary  temperature  and  pressure), 
costing  about  1  mark  per  kUo.  It  furnishes  the 
cheapest  means  for  aerating  waters,  and  is  used 
for  raising  sunken  ships,  for  driving  torpedoes, 
extmguishing  fires,  for  cooling  purpo.=es,  and,  as 
'Pictet's  fluid,'  for  freezing  machines,  and  by 
the  firm  of  Krupp,  in  Essen,  for  the  condensa- 
tion of  steel  and  other  metals,  and  is  further 
suggested  as  a  motive  power  for  tramcars  and 
balloons  (C.  S.  I.  4,  610). 

Liquid  carbon  dioxide  is  colourless,  very 
soluble  in  alcohol,  ether,  and  volatile  oils,  but 
does  not  mix  with  water.  When  the  pressure  is 
suddenly  relieved,  part  of  the  carbon  dioxide 
immediately  vaporises,  producing  sufficient  cold 
to  solidify  the  remainder.  Landolt  allows  the 
liquid  to  evaporate  freely  into  woollen  bags,  and 
compresses  the  solid  carbon  dioxide  in  conical 
wooden  moulds  by  wooden  pistons  (B.  17,  30ii). 

Solid  carbon  dioxide  is  a  white,  llocculcnt, 
snow-like  mass,  and  may  be  left  exposed  to  the 
air  for  some  time  without  sensible  evaporation. 
1  An  air  or  spirit  thermometer  immersed  in  it 
'  sinks  to  -78°;  it  can,  however,  be  placed  on  the 
j  hand  without  any  acute  sensation  of  cold.  By 
!  mixing  with  ether  its  refrigerating  power  is 
I  greatly  increased.    The  cold  produced  in  this 
nuuincr  is  sulKcicnt  to  solidify  mercury,  and 
to  liquefy  several  gases.  The  cold  may  be  further 
intensified  by  placing  it  under  the  receiver  of  an 
air-pum,p.   (For  an  apparatus  for  collecting  solid 
carbon  dioxide,  r.  Ducretet,  C.  R.  99,  235.) 

Carbon  dioxide  when  quite  dry  has  no  action 
upon  litmus,  but  if  moisture  be  present  the  litmus 
is  coloured  wine-red.  The  colour  disapjjears 
on  exjiosure  to  air  owing  to  escape  of  the  gas. 
Passed  into  lime-water,  carbon  dioxide  renders 
it  turbid  owing  to  the  formation  of  calcium  car- 
bonate, but  if  the  gas  be  in  excess,  the  neutral 
carbonate  is  converted  into  an  acid  carbonate 
and  the  liquid  becomes  clear. 

Carbon  dioxide  is  rapidly  absorbed  by  a  solu- 
tion of  caustic  potash.  Its  solution  in  water  has  a 
sji.gr.  1-0018.  It  has  a  slightly  acid  taste,  colours 
litmus  wine-red,  and  partially  neutralises  alkalis 
and  dissolves  carbonates  of  barium,  strontium, 
calcium  and  magnesium,  &c.  Its  solution  in  | 
water  probably  contains  carbonic  acid  ILCO^. 
At  ordinary  temperatures,  and  under  1  atmo- 
sphere, the  mass  of  carbon  dioxide  dissolved 
increases  as  the  pressure.  But  at  pressures  of 
2,  3  or  more  atmospheres  the  mass  of  carbon 
dioxide  dissolved  is  less  than  that  calculated  by 
Dalton  and  Henry's  law  {v.  Khanikolf  and  Lou- 
guinine,  A.  Ch.  [4]  11,  412). 

Water  which  has  been  saturated  with  carbon 
dioxide  under  pressure  gives  it  up  as  soon  as  the 
pressure  is  removed.    This  property  is  made  use 
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of  in  the  manufacture  of  effervescing  drinks  and 
aerated  waters  {v.  Aerated  wateks). 

Under  the  same  pressure  the  volume  of  gas 
absorbed  by  water  diminishes  as  the  temperature 
rises,  the  wliole  of  the  gas  being  expelled  at 
boiling  heat.  Hence  carbonic  acid  water,  hold- 
ing an  earthy  carbonate  in  solution,  deposits  it 
when  the  water  is  boiled.  This  is  the  cause  of 
the  furring  of  kettles,  boilers,  &c.,  in  which 
sjjring-  or  river-waters  have  been  boiled. 

Potassium  burns  in  carbon  dioxide  at  a  red 
heat  with  a  red  incandescence,  deijositing  char- 
coal mixed  with  potassium  carbonate.  Sodium 
decomposes  it  in  a  similar  manner  as  do  i^hos- 
pliorus  and  boron  in  pi'esence  of  an  alkali. 

It  is  decomposed  by  the  electric  spark  into 
carbon  monoxide  and  oxygen,  if  hydrogen,  or 
mercury,  or  some  other  metal  is  present  to  com- 
bine with  the  oxygen,  otherwise  the  carbon 
monoxide  and  oxygen  recombine  to  carbon 
dioxide.  It  is  partly  changed  to  carbon  mon- 
oxide and  oxygen  by  heating  to  1300'-C.  in  a 
porcelain  tube  (Deville,  C.  E.  56,  720  ;  also 
lierthelot,  C.  E.  G8,  1035).  Partly  decomposed 
by  electric  sparks,  a  condition  of  equilibrium  is 
attained  when  change  of  CO.^  into  CO  +  O  equals 
that  of  CO  +  0  into  C0._,  (Dixon  and  Lowe,  C.  J. 
47,  571).  Mixed  with  hydrogen  and  heated  to 
bri<,'ht  redness,  or  submitted  to  induction  siJarks, 
carbon  monoxide  and  water  are  formed ;  if 
the  water  is  removed  the  whole  is  converted 
to  carbon  monoxide  (Dixon,  C.  J.  49,  'J4).  A 
mixture  of  carbon  dioxide  and  hydrogen  passed 
over  red-hot  pumice  yields  carbon  and  water 
(Dubranfaut,  C.  E.  74,  1'25). 

Mixed  with  sulphur-vapour  and  passed 
through  a  red-hot  tube  gives  carbon  monoxide, 
sulphur  dioxide,  and  a  little  carbon  oxy-  sulphide 
(Berthelot,  Bl.  [2]  40,  3G2).  Passed  through  a 
red-hot  tube  with  sulphuretted  hj'drogen  it  forms 
carbon  monoxide,  water,  and  sulphur  (Kohler, 
Bl.  11,  205).  Eeduced  to  carbon  monoxide  by 
hydrogen,  charcoal,  iron  and  zinc,  or  copper 
which  has  occluded  hydrogen  (Tissandier,  C.  E. 
74,  5.31,  Schrotter,  W.  A.  B.  34,  27),  by  potas- 
sium cyanide  (Eiloart,  C.  N.  54,  88),  by  pro- 
toxides of  iron  and  tin  (Wagner,  Fr.  1879,  559), 
and  partially  by  ferrous  sulphate,  and  a  little 
water  in  a  closed  tube  (Horsford,  B.  G,  1390). 

Carbon  dioxide  is  reduced  to  carbon  by 
heating  with  potassium,  sodium,  or  magnesium. 
Alkaline  carbonates  heated  strongly  with  phos- 
phorus or  boron  give  carbon  dioxide,  which  is 
reduced  to  carbon  (Tennant,  Crelles ;  A.  11793], 
1,158;  Dragendorff,  J.  1861,  111;  Leeds,  Bl.  12, 
1834  and  2131);  decomposes  moist  potassium 
iodide  at  high  temperatures,  yielding  hydriodic 
acid  (Papasogli,  G.  1881,  227).  Solution  of 
carbon  dioxide  in  water  yields  sodium  formate 
with  metallic  sodium  (Kolbe  and  Schmidt,  A. 
119,  251).  Carbon  dioxide  is  assimilated  by  the 
chlorophyll  corpuscles  of  plants  under  the  in- 
fluence of  sunlight,  carbon  being  abstracted  and 
oxygen  set  free. 

The  specific  heat  of  carbon  dioxide  is  greater 
at  high  than  at  ordinary  temperatures  (Berthelot 
and  Vieille,  Bl.  41,  56G).  According  to  Hoppe- 
Seyler  (H.  10,  201,  and  10,  401),  the  carbonic 
acid  and  marsh-gas  found  in  water-logged  soils 
is  due  to  a  wide-spread  process  of  fermentation 
of  cellulose. 


For  estimating  carbon  dioxide  in  air,  Ballo 
shakes  a  solution  of  potash  and  barium  chloride 
of  known  strength  with  the  air,  and  estimates 
the  quantity  of  phenolphthalein  which  is  de- 
colourised by  it  (Ballo,  B.  1884,  1097). 

Carbon  dioxide  is  used  extensively  in  the  arts 
for  the  manufacture  of  aerated  waters,  in  sugar 
manufacture  for  separating  lime  from  the  juice  of 
the  sugar-cane,  in  bread-making,  and  for  raising 
and  clarifying  beer.  It  has  also  been  proposed  to 
use  it  as  a  motive  power  where  fuel  is  expensive 
(Herbert,  C.  C.  1885,  543,  558,  572).  It  also 
possesses  antiseptic  properties  and  retards  the 
putrefaction  of  meat  (Kolbe,  J.  pr.  [2]  28,  61). 

Carboa  disulpliide  Thiocarbonic  anhydride, 
sidpliocarhonic  acid  CS._,.  This  compound  W'as 
accidentally  discovered  by  Lampadius,  in  1796, 
by  heating  ijyrites  with  charcoal.  Clement 
and  Desormcs,  in  1802,  examined  the  action  of 
sulphur  on  red-hot  charcoal,  when  they  obtained 
a  product  similar  to  that  of  Lampadius.  The 
nature  of  the  liquid  was  established  by  Vau- 
quelin. 

Maniifacturc.^^^chuiin-,  in  Germany,  and 
Pcroiicel,  in  France,  first  prepared  carbon  disul- 
pliide on  a  manufacturing  scale.  Schriitter  em- 
ployed a  cylinder  of  Hessian  clay  in  which  the 
charcoal  was  heated  ;  the  sulphur  was  introduced 
through  a  hole  near  the  bottom  of  the  cylinder, 
and  there  was  fixed  to  the  upper  end  of  the 
apparatus  an  exit  tube  for  the  vapour  of  the 
carbon  disulphide  formed.  This  apparatus  would 
produce  about  20  kilos  of  the  disuljjhide  in 
12  hours,  and  it  represents  the  type  of  the  pro- 
cesses since  employed  in  the  production  of  this 
substance  on  the  manufacturing  scale. 

Dciss  andFislier  employed  cast-iron  cylinders 
in  which  the  vapour  of  sulphur  passed  over 
charcoal  was  heated  to  redness.  Fireclay  retorts 
were  next  introduced,  glazed  internally  to  pre- 
vent the  escape  of  vapour  through  the  pores  ; 
each  cylinder  was  about  5  feet  high  and  nearly 
20  inches  diameter.  Four  retorts  were  arranged 
in  a  single  furnace  in  such  a  way  that  the 
flame  of  the  fire  could  play  entirely  round 
them.  Each  retort  was  divided  internally  into 
two  parts  by  means  of  a  perforated  shelf  ;  the 
upper  compartuient,  which  was  the  larger  of 
the  two,  served  to  contain  the  charcoal,  which 
could  be  thrown  in  through  a  special  open- 
ing in  the  lid  without  interrupting  the  working. 
A  second  opening  in  the  top  of  the  retort  was 
provided  with  a  tube  about  two  inches  in  dia- 
meter, which  led  directly  into  the  lower  com- 
partment, and  was  used  to  throw  in  sulphur  as 
required.  The  vapour  of  carbon  disulphide  which 
was  formed  during  the  process  was  conducted 
through  a  delivery  pipe  connected  with  a  third 
opening  in  the  retort  into  the  condensers.  The 
four  retorts  having  been  tilled  with  charcoal  and 
the  lids  closed,  were  heated  to  redness  by  a  coal 
fire.  Pieces  of  sulphur  wrapped  in  cylindrical 
paper  packets  were  then  dropped  in  the  pipes 
leading  to  the  lower  partitions  of  the  retorts. 
Two  such  packets,  each  containing  about  5^; 
ounces  of  sulphur,  were  thrown  in  at  intervals  of 
about  three  minutes,  the  opening  at  the  end  of 
each  tube  being  closed  at  each  successive  addi- 
tion. The  charcoal  was  renewed  every  seven 
hours,  and  was  heated  about  an  hour  and 
three-quarters  each  time  before  the  necessary 
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temperature  was  attained  for  its  combination  with 
sulphur.  The  vapour  of  carbon  disulphide 
mixed  with  that  of  sulphur  escaped  through  the 
delivery  tubes,  passing  into  the  first  row  of  con- 
densers, where  it  was  paiiiallycondensed, together 
with  some  sulphur,  the  undissolved  sulphur  de- 
positing in  the  solid  state,  and  could  be  recovered 
and  used  o%'er  again.  From  tlience  the  uncon- 
densed  vapours  passed  on  into  the  second  row 
of  condensers,  and  so  on  till  the  last  row.  The 
condensers,  amounting  to  18  or  20  in  all,  were 
connected  together  by  pipes,  the  last  of  which 
was  connected  with  the  chimney  of  the  works,  or 
better,  with  vessels  or  tubes  containing  layers 
of  pulverised  lime  to  absorb  the  suljihuretted 
hydrogen  which  would  otherwise  create  a 
nuisance  in  the  neighbourhood  of  the  works. 

The  condensers  were  made  of  sheet  zinc, 
were  cylindrical  in  shajje  and  about  26  inches  in  ' 
diameter,  bottomless,  w^ith  slotted  sides,  and  I 
stood  in  a  kind  of  shallow  cistern  containing 
water  a  little  deeper  than  the  openings,  so  as  to 
form  a  water-lute,  permitting  the  passage  of  con- 
densed liquids  while  closing  the  exit  against 
vapours.  The  lids  of  these  condensers  were  fur- 
nished with  rims  forming  a  kind  of  saucer  con- 
taining water  to  assist  in  the  aondensation  of 
the  vapours.  Each  lid  had  two  openings  in  the 
form  of  tubulures,  into  which  the  pipes  were  fixed 
for  the  transmission  of  the  vajjours  fi'om  con- 
denser to  condenser. 

(ierard  employed  a  vessel  of  cast  iron  6i  feet 
in  height,  about  -1  feet  8  inches  in  diameter,  and 
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sides  1-|  inch  thick.  The  retort  was  elliptical  in 
soclion,  stood  upon  a  brickwork  arch,  and  was 
heated  from  below  by  a  lire.  Near  tlio  bottom 
was  a  pipe  litted  with  a  valve,  through  which 
sulphur  could  be  introduced  into  the  cylinder.  At 
the  upper  extremity  there  was  a  wide  pipe  which 
could  be  closed  with  a  lid,  and  served  for  the  in- 
troduction of  charcoal  into  the  apparatus. 
Ancithor  pipe,  cast  in  one  piece  with  the  upper 
one,  sIoihmI  forward  and  passed  into  a  receiver  in 
which  lb(>  sulplun-  which  passed  owr  during  tho 
operation  was  condensed,  and  could  be  easily  re- 
moved by  opening  a  valve  in  a  tubulus  placed 
at  a  bend  in  the  pipe;  the  more  volatile  sulphur 


disulphide  passed  forward  into  the  condensers. 
The  condenser  consisted  of  three  vessels,  cylin- 
drical in  form,  arranged  vertically  one  above 
the  other,  and  communicating  by  vertical  pipes. 
The  toiJmost  condenser  had  an  exit  pipe  for 
sulphuretted  hydrogen,  &c.,  and  the  condensed 
carbon  disulphide  could  be  drawn  off  into  a 
receiving  vessel  beneath  by  opening  a  cock  in  a 
pipe  proceeding  from  the  lower  condenser. 

The  three  condensers  were  contained  in  a 
tank  5  feet  high  and  5  feet  wide,  filled  with 
water,  which  could  be  renewed  at  pleasure. 

The  addition  of  sulphur  was  continued  for  ten 
hours  daily  in  portions  of  about  3  lbs.  at  a  time 
of  three  minutes'  interval.  The  oven  was  heated 
during  the  night  to  volatilise  the  sulphur,  and 
the  residue  of  charcoal  was  used  up  by  mixing 
with  the  new  charge.  This  apparatus  yielded  in 
twenty-four  hours  about  570  lbs.  of  carbon  disul- 
phide, which  in  theory  requires  480  lbs.  of  sul- 
phur and  90  lbs.  of  carbon  for  its  production, 
but  in  practice  530  lbs.  of  sulphur  and  242  lbs. 
of  wood-charcoal  were  used.  Gerard  found  it 
advantageous  to  surround  the  generating  vessels 
with  brickwork,  w^hich  renders  them  much  more 
durable,  and  capable  of  lasting  about  two 
months. 

It  was  found  in  practice  that  retorts  could 
not  be  employed  with  economy  beyond  a  certain 
size,  as  when  they  were  too  large  the  heating 
was  irregular,  causing  considerable  waste  of 
sulphur.  When  using  unrefined  sulphur  tho 
retorts  needed  cleaning  every  fortnight,  but  with 
purified  sulphur  they  could  be  kept  working  for 
two  months. 

The  following  account  of  the  present  mode 
of  manufacture  is  due  to  Ignatius  Singer  (S.  C.  I. 
8,  1889,  93:  — 

A  is  a  vertical  cast-iron  retort,  or,  better  still, 
made  of  earthenware,  glazed  inside,  of  elliptical 
shape,  about  OG  inches  high,  and  20  by  12  inches 
internal  diameter.  It  rests  on  a  support,  n, 
ma<le  of  fire-bricks,  and  is  protected  by  a  mantle 
of  best  lire-brifks,  c,  about  4  inches  thick,  leav- 
ing a  space  of  from  ^  to  J  inch  between  if  and 
the  retort.  The  metal  of  the  retort  should  not 
be  less  than  2  inches  in  thickness,  n  is  tho 
outer  brickwork  of  the  furnace  lined  on  the  in- 
side with  fire-bricks,  n' ;  EE,  fire-grates ;  e', 
ash  pits ;  f,  furnace  doors,  made  of  frames,  a, 
into  which  a  fire-proof  i]i\h,  b,  is  inserted.  The 
furnace  doors  are  sui-pouded  by  cables  running 
over  pulleys,  and  are  counterpoised,  so  that  tlioy 
can  be  raised  or  lowered.  At  rfis  shown  a  small 
peep-hole,  through  which  the  teinperatuie  in  tho 
furnace  may  be  watched.  In  tho  lid  of  the 
retort  arc  cast  two  tubes,  o  and  o',  of  about  5 
inches  internal  diameter  and  not  less  than  1 
inch  in  thickness,  but  it  is  advisable  to  have 
them  made  somewhat  stronger,  as  the  lid  will 
then  outlast  several  retorts.  Over  the  openings, 
o,  a  vent-pipe  or  fiue,  u,  is  suspended  by  a  lever, 
so  tliat  it  can  be  raised  or  lowered  at  will,  one 
end  of  which  passes  through  the  roof.  When 
fresh  charges  of  charcoal  are  to  be  introduced 
into  the  generator  a,  which  is  done  through  flio 
tubulure  o',  the  lid  closing  the  lube  a  is  first 
removed,  and  the  vent-pipe  n  quickly  lowered, 
which  serves  the  purjiose  of  carrying  off  tlie 
noxious  gases  that  would  otherwise  be  injurious 
to  the  workmen,    g'  may  now  be  opened,  and, 
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the  carbon  fed  in  without  the  slightest  incon- 
venience. 

From  the  tubuhirc  a' issues  a  pipe,  i,  inclined 
upwards,  through  which  the  bisulphide  of  carbon 
vapours  escape.  Most  of  the  free  sulphur  pass- 
ing over  will  condense  here  and  run  back  into 
the  retort.  But  the  partially  cooled  sulphur 
falling  on  to  the  surface  of  the  incandescent 
carbon  would  be  immediately  vapourised  again, 
at  the  same  time  cooling  down  the  top  layer  of 
the  charcoal.  To  obviate  this  Singer  suggests 
that  an  opening  should  be  made  in  the  lower 
part  of  the  pipe  i,  to  which  a  hopper  can  be 
titled,  as  shown  at  j,  terminating  in  an  earthen- 
ware pipe  K,  reaching  nearly  to  the  bottom  of 
the  retort.  By  this  means  the  sulphur  distilling 
over  uncombined  would  be  conducted  back  to 
the  bottom  of  the  generator,  the  pipes  would  be 


less  liable  to  be  choked  up,  while  the  resulling 
product  would  be  purer. 

From  the  lower  end  of  the  retort,  close  to 
the  bottom,  a  pipe  m  branches  olf,  a  little 
upwards  inclined,  passing  through  the  brick- 
work and  terminating  in  a  chamber  n,  with 
door  n.  During  work  this  pipe  is  carefully  closed, 
by  a  lid.  It  serves  the  purpose  of  raking  the 
ashes  out  of  the  retort,  which  is  done  once 
a  week.  At  m  a  flue  is  shewn,  carrying  the 
noxious  gases  into  the  chimney.  The  ashes 
are  allowed  to  cool  here  before  their  removal. 
Adjoining  this  chamber  is  a  hearth  into  which 
an  iron  vessel  o  is  fitted,  for  melting  the  sul- 
j)hur.  It  is  heated  by  a  flue  from  the  furnace 
passing  underneath  it,  jsrovided  with  a  damper 
to  regulate  the  heat.  (In  tig.  2  this  sulphur 
vessel  is  raised  so  as  to  make  it  visible  in  the 
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drawing.)  A  pipe  o,  closed  by  a  conical  valve 
to  which  an  iron  rod  u'  is  attached,  connects  the 
sulphur-i30t  with  the  arm  m  of  the  retort,  by 
which  means  the  sulphur  can  conveniently  be 
introduced  into  the  latter. 

The  sulphur  flowing  down  the  incline  of  the 
arm  m  arrives  at  the  bottom  of  the  retort,  where 
it  is  volatilised  ;  the  vapours,  passing  upwards, 
combine  with  the  carbon.  The  generated  bi- 
sulphide vapours  escape  through  pipe  i,  and 
then  pass  down  the  vertical  tube  i'  into  a  vessel 
r,  where  any  excess  of  sulphur  is  deposited. 
The  lid  of  this  vessel  rests  in  hydraulic  seals, 
and  is  connected  with  the  inlet  and  outlet  pipes 
by  a  kind  of  telescopic  tube  made  air-tight  by 
water.  When  the  vessel  p  is  to  be  removed,  the 
lid  is  raised,  the  vessel  taken  away,  another 
similar  one  put  in  its  place,  and  the  lid  lowered 
again.  This  should  be  done  once  a  week  only, 
and  never  while  distillation  is  going  on. 

The  carbon  bisulphide  vapours,  now  freed 
from  the  greater  part  of  uncombined  sulphur, 
pass  through  a  Liebig's  condenser,  l,  about 
thirty  feet  long,  into  a  receiver,  s,  partially 
tilled  with  water.  The  crosspiece  t,  connecting 
the  Liebig's  condenser  with  the  receiver,  is  made 
so  that  it  can  be  detached — being  secured  at  v 
by  flanges  bolted  together,  and  at  v'  by  water 
seal — for  purposes  of  cleaning,  Ac.  From  here 
the  bisulphide  is  allowed  to  run  through  a  syphon 
p,  direct  to  the  storage  tanks.  A  better  plan, 
however,  is  to  keep  the  storage  tanks  for  the 
crude  product  on  a  high  level,  which  greatly 


facilitates  the  after-process  of  purification.  In 
this  case  the  bisulphide  of  carbon  is  allowed  to 
flow  into  a  montcjus,  u,  as  shown  in  drawing. 
A  pipe  q,  reaching  nearly  to  the  bottom,  is 
passed  through  the  cover  of  the  montejus  to  the 
high-level  tank.  A  second  pipe,  r,  connects  the 
vessel  u  with  a  force-i^ump.  On  air  being 
pumped  into  u  through  r,  the  stop-cocks  and 
p-  having  been  shut  oft",  the  bisulphide  is  pressed 
up  through  pipe  q  into  the  tank.  This  is  a  far 
better  method  than  using  pumps,  as  in  the  latter 
it  is  difficult  to  prevent  leakage,  the  crude  bi- 
sulphide having  a  very  corrosive  action  on  most 
metals.  For  the  same  reason,  the  receivers, 
tanks,  &c.,  for  the  crude  substance  should  all  be 
lined  with  sheet-lead,  as  wrought-iron  vessels 
soon  perish,  while  cojjper  is  even  more  ener- 
getically acted  upon.  Cast  iron  withstands  cor- 
rosion nmch  better,  but  is  objectionable  on 
account  of  its  porosity.  This  might  be  remedied, 
however,  by  giving  the  vessels  repeated  coatings 
of  dilute  silicate  of  soda,  both  inside  and  out- 
side, the  vessels  being  first  slightly  heated  with 
steam  and  the  silicate  applied  while  warm. 

Near  to  the  top  of  the  receiver  s  is  a  pipe,  s, 
for  carrying  off  ihe  uncondensable  vapours  — 
chiefiy  sulphuretted  hydrogen.  The  gases  are 
conducted  into  a  rectangular  vessel,  w,  where 
they  are  made  to  circulate  in  zigzag  over  a  series 
of  shallow  trays  filled  with  a  vegetable  oil,  to 
absorb  any  bisulphide  vapours  which  have  escaped 
condensation.  The  oil  can  be  made  to  trickle 
from  a  reservoir,  x,  as  shown,  through  a  gooee- 
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necked  pipe,  which,  passing  from  tray  to  tray 
in  an  opposite  course  to  that  of  the  gases,  finally 
trickles  through  x  into  a  receiver,  y.  When  a 
sullicient  quantity  has  accumulated  here,  the 
bisulphide  is  distilled  oflf  and  the  oil  returned  to 
X.  Before  the  gases  enter  this  absorber  they  are 
'  washed '  by  making  the  end  of  the  pipe  s  dip 
into  the  oil  as  shown  at  y,  whereby  the  apparatus 
is  disconnected  from  contact  with  air.  The  gases 
are  now  passed  through  a  second  vessel,  z,  simi- 
lar in  construction  to  the  one  just  described,  only 
substituting  lime  or  oxide  of  iron  for  the  oil,  to 
absorb  the  H^S,  and  ai'e  then  allowed  to  escape 
into  the  open  air  through  the  pipe  z. 

Above  tlie  retort  a,  and  between  it  and  the 
chimney,  set  at  right  angles  to  each  other,  is 
a  smaller  retort,  similar  in  construction  to  a,  but 
only  about  one-third  the  capacity  of  the  latter, 
and  is  heated  by  causing  the  products  of  com- 
bustion coming  from  the  furnace  to  circulate 
round  it  before  finally  passing  into  the  chimney. 
(Only  the  discharge  hole  li',  corresponding  to  tlie 
arm  m  of  the  retort  a,  is  visible  in  drawing.) 
As  the  generator  a  requires  fresh  charges  of  car- 
bon every  eight  hours,  it  is  very  economical  to 
keep  this  small  retort  always  filled  with  charcoal, 
which  by  the  time  it  is  required  will  be  red  hot, 
and  no  more  time  need  be  lost  than  is  required 
for  transferring  it  from  the  one  into  the  other 
retort.  By  this  arrangement,  part  of  wliat  would 
otherwise  be  waste  heat  is  utilised,  and  a  great 
saving  in  time  and  fuel  effected.  A  still  better 
plan  is  to  make  the  charcoal  on  the  spot,  eight 
hours  being  more  than  sullicient  to  char  the  wood 
and  to  heat  it  up  to  bright  redness.  The  spent 
dyewoods,  tanners'  refuse,  or  sawdust,  are  ex- 
cellent for  the  purpose,  and  as  these  would  not 
require  crushing — as  when  charcoal  is  bought 
in  lumps — a  saving  in  labour,  possibly  also  in 
money,  might  be  made,  besides  being  more 
cleanly.  By  a  small  outlay  the  vapours  might 
be  condensed,  and  pyroligneous  acid  obtained  as 
a  by-product. 

The  apparatus  is  worked  as  follows.  After 
having  allowed  the  brickwork  to  set  and  partially 
dry  for  a  few  days,  the  lires  are  started,  at  first 
gently,  to  prevent  the  brickwork  from  cracking, 
then  gradually  increasing  the  heat  until  the 
retort  becomes  a  dull  red  colour.  The  latter  is 
now  filled  with  small  charcoal,  and  the  smaller 
retort  with  chips,  sawdust,  &c.,  and  the  fires  are 
now  urged  until  the  retort  and  the  charcoal  in  it 
have  become  a  '  cherry  red.'  This  heat  should 
never  bo  exceeded,  nor  should  it  be  allowed  to 
fall  below  this,  as  in  either  case  it  would  result 
in  a  lesser  yield  of  carbon  disulphide. 

When  the  proper  temp;n'aturo  is  attained,  the 
two  openings  in  the  lid  of  the  retort  are  closed, 
the  lids  being  screwed  down  tightly,  with  some 
clay  made  into  a  thick  paste  as  a  lute.  A  better 
way  would  be  to  cast  in  the  top  of  these  tubu- 
hires  grooves,  and  the  lids  with  a  rim  loosely 
fitting  into  these  grooves,  forming  what  is  called 
an  hydraulic  seal,  only  using  lead  in  the  place  of 
water.  The  heat  there  is  sullicient  to  melt  lead, 
but  not  so  great  as  to  prevent  its  use.  This 
would  form  a  much  better  lute,  and  could  be 
opened  and  closed  in  much  less  time,  which,  in 
the  case  of  bisulphide  of  carbon  manufacture,  is 
a^reat  desideratum.  Having  previously  secured 
all  the  joints  throughout  the  ajiparatus,  sulphur  | 


is  now  run  in  by  raising  the  rod  o'  in  the  sulphur 
pot.  A  bubbling  will  immediately  be  heard  in 
the  gas-washer  at  y,  caused  by  the  escape  of 
sulphuretted  hydrogen  &c.  In  a  few  minutes 
this  bubbling  ceases,  and  carbon  bisulphide 
begins  to  distil  over.  Distillation  is  now  pro- 
ceeding, sulphur  being  charged  in  every  live 
minutes,  about  li  to  1;'  lbs.  each  time,  for  seven 
hours,  when  the"  supply  of  sulphur  is  stopped, 
and  one  hour  allowed  to  elapse  before  fresh 
charcoal  is  filled  in.  The  lid  is  then  removed 
from  c,  and  the  flue-pipe  n  lowered,  c'  may  now 
be  opened,  and  last  of  all  the  lid  h'  is  reniovcd 
from  h  of  the  carboniser,  and  the  red-hot  char- 
coal raked  from  the  carboniser,  by  means  of  a 
funnel  or  hopper,  into  the  retort  a.  The  retort 
is  now  closed,  taking  care  that  the  opening 
communicating  with  the  flue  n  is  the  last  to  be 
shut  off,  and  work  started  again.  At  the  end  of 
each  week  neither  coal  nor  sulphur  is  charged 


in  for  eight  hours,  after  which  the  whole  appa- 
ratus is  cleaned  out  in  the  following  manner. 
The  flue  n  having  been  lowered  on  to  a  as  de- 
scribed above,  the  cover  at  the  end  of  the 
delivery  pipe  i  is  removed,  and  wet  bags  or  pieces 
of  canvas  are  tightly  rammed  down  the  pipe  i, 
and  past  its  junction  with  the  vertical  pipe  l', 
so  as  to  isolate  the  condensers  &c.  from  the  fur- 
nace. The  ashes  are  now  raked  out  through  m, 
as  described  above,  the  retort  refilled  with  fresh 
charcoal,  and  while  this  is  getting  heated  up, 
the  other  portions  of  the  apparatus  are  examined, 
and  where  sulphur  is  present  it  is  removed. 

With  one  such  retort,  from  4  to  5  cwt.  of 
carbon  bisulphide  can  be  made  in  a  day,  but  it 
is  much  more  economical,  both  in  labour  and 
fuel,  to  have  several  retorts — say  four—  in  the 
same  furnace. 

Pyrites  may  be  used  instead  of  sulphur 
in  the  manufacture  of  carbon  disulphide,  and 
figure  3  shows  an  arrangement  for  this  pur- 
pose devised  by  Labois.  The  pyrites  is  fed 
from  the  hopper  a  into  the  distributing  box 
n,  whence  it  passes  into  the  roasting  com- 
partment o  by  the  valve  which  is  worked  by  a 
lever.   The  sulphur  vapour  is  conducted  through 
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an  opening  at  k  which  can  be  legulated  by  the 
valve  V  ;  it  has  then  to  traverse  the  heated  coke 
in  g'  as  indicated  by  the  arrows,  the  vapour  of 
carbon  disulphide  formed  passing  out  at  r',  and 
thence  to  the  condensing  ajiparatus  (Sc.  Am. 
Supt.  12,  4763). 

As  the  latent  heat  of  carbon  disulphide 
vapour  is  much  less  than  that  of  steam,  it  fol- 
lows that  the  former  need  be  deprived  of  only  a 
small  amount  of  heat  to  insure  its  condensa- 
tion;  it  is,  therefore,- on  this  account  advisable 
to  surround  vessels -from  which  it  is  distilled 
with  bad  conductors  of  heat,  otherwise  a  large 
amount  of  the  vapour  condenses  before  reaching 
the  condensers,  and  flows  back  into  the  distilling 
vessel. 

In  the  manufacture  of  carbon  disulphide  the 
yield  depends  mainly  upon  the  temperature  em- 
ployed. Sidot  has  shown  that  by  passing  a 
known  weight  (40  grams)  of  sulphur  vapour  over 
10  grams  of  charcoal  contained  in  a  ijorcelain 
tube  heated  to  various  temperatures,  varying 
amounts  of  the  disulphide  are  obtained,  and  he 
gives  the  following  numbers,  representing  the 
mean  results  of  three  experiments  at  each  of  the 
temperatures  indicated. 

1.  At  a  dull  red  heat,  5  grams  of  carbon  gave 
17  grams  disulphide. 

2.  At  a  red  heat  6'3  grams  of  carbon  gave 
29  grams  disulphide. 

3.  At  a  bright  red  heat  7'5  grams  of  carbon 
gave  19  grams  disulphide. 

These  numbers  show  clearly  that  to  obtain 
the  maximum  yield  a  red  heat  should  be  em- 
ployed. 

Purification  of  carbon  disulphide. — The 
crude  product,  which  contains  considerable  quan- 
tities of  sulphur,  may  be  purified  by  distillation. 
The  distilling  vessel  is  made  of  sheet  zinc,  and 
is  fitted  in  a  water-bath.  The  vapours  of  carbon 
disulphide  are  passed  through  a  wide  tube  into 
a  worm  surrounded  by  cold  water,  and  ending 
in  a  lap  at  tlie  bottom ;  the  liquid  as  it  con- 
denses is  allowed  to  trickle  into  a  vessel  placed 
to  receive  it. 

Deiss  employed  large  boilers  with  ilat  bot- 
toms, which  were  10  feet  in  length,  65  feet  in 
diameter,  and  'i\  feet  high.  They  had  domed 
covers,  externally  coated  by  badly  conducting 
material,  so  as  to  reduce  to  a  minimum  the 
amount  of  carbon  disulphide  returned  to  the 
boiler  by  condensation.  The  boiler  was  capable 
of  receiving  5  tons  of  crude  disulphide  at  a 
single  chavge,  and  had  six  delivery  tubes  which 
terminate  in  six  vertically  placed  condensers.  At 
the  bottom  of  the  boiler  there  are  two  serpen- 
tine pipes,  through  one  of  which  steam  is 
passed  until  the  crude  carbon  disulphide  boils. 
For  the  purpose  of  distilling  off  the  last  portions 
steam  is  passed  through  the  second  serpentine 
pipe  direct  into  the  boiler,  by  which  means 
carbon  disulphide  vapour  and  steam  pass  over 
together  into  the  condensers,  when  the  former 
accumulates  in  a  layer  below  the  surface  of  the 
water.  The  distillation  of  5  tons  lasts  three  or 
four  days,  and  the  products  of  the  distillation 
at  different  stages  are  separately  collected,  and 
serve  for  different  purposes.  In  the  first  por- 
tions foul-smelling  constituents  predominate, 
such  as  sulphuretted  hydrogen ;  the  inter- 
mediate portions  are  the  purest,  while  the  last 


portions  are  contaminated  with  sulphur.  Much 
of  the  sulphuretted  hydrogen  may  be  removed 
by  placing  a  small  quantity  of  caustic  soda  in 
the  boiler. 

Boniere  purified  the  crude  material  by  run- 
ning it  into  a  still  containing  a  strong  solution 
of  caustic  soda  and  heated  externally  by  steam  ; 
the  vapour  was  then  passed  through  several 
other  vessels  of  a  similar  kind  containing  alka- 
line liquids,  solutions  of  salts  of  iron,  lead,  or 
copper,  from  which  it  is  distilled  and  condensed. 
Millon  patented  a  p)rocess  which  consists  in 
mixing  tlie  disulphide  with  half  its  weight  of 
milk  of  lime,  and  then  carefully  distilling. 

Sidot  first  distils  the  crude  product,  and 
then  agitates  it  with  mercury  till  the  shining 
surface  of  the  metal  is  no  longer  blackened  by 
it.  Carbon  disulphide  when  pure  is  not  affected 
by  contact  with  mercury  for  any  length  of  time. 
Or  it  may  be  shaken  with  0'5  p.c.  of  mercuric 
chloride,  which  removes  a  fcetid  compound  of 
sulphur.  The  clear  liquid  is  then  decanted,  0'02 
of  its  weight  of  an  inodorous  fat  is  added,  and 
the  mixture  distilled  in  a  water-bath  at  a  low 
temperature  (Cloez). 

Another  method  of  purification  is  to  add  to 
100  parts  of  commercial  product  from  2  to  3 
parts  of  dried  copper  sulphate,  and  shake  the 
mixture.  The  copper  salt  blackens  and  settles 
down,  with  removal  of  the  smell  of  sulphuretted 
hydrogen.  Absolute  purity  is  obtained  by  again 
rectifying  over  dry  copper  sulphate.  The  latter 
can  be  rendered  fit  for  further  use  by  ignition, 
treating  with  sulphuric  acid,  and  again  igniting. 
The  sulphide  may  be  retained  in  a  state  of  purity 
by  allowing  it  to  stand  constantly  over  dry 
copper  sulphate  (S.  C.  I.  2,  246). 

Singer  has  employed  the  following  simple 
method  with  very  satisfactory  results  : 

A  cylindrical  vessel,  about  30  inches  in 
diameter  and  C  feet  high,  is  provided  with  a 
jDerforated  coil  of  lead  pipe  at  the  bottom.  Into 
this  vessel  the  impure  carbon  disulphide  is  run 
to  about  one-third  its  height.  Lime-water  is 
then  pumped  into  it  by  means  of  a  force-pump 
through  the  perforated  coil.  The  lime-water 
being  specifically  lighter  than  the  carbon  disul- 
phide rises  to  the  surface,  and  while  traversing 
the  body  of  the  bisulphide  in  a  finely  divided 
spray,  the  lime  combines  with  the  sulphuretted 
hydrogen,  &c.  This  washing  is  continued  until 
the  lime-water,  ^yhich  leaves  this  vessel  through 
an  overflow  pipe  near  to  the  top,  is  perfectly 
clear.  The  carbon  disulphide  is  now  run  into  a 
still,  about  1  p.c.  its  weight  of  a  cheap  colourless 
oil  added,  and  covered  with  a  layer  of  about  one 
inch  of  water,  to  which  some  sugar  of  lead  may 
be  added.  The  carbonate  disulphide  is  now 
distilled  in  a  water  -bath  and  condensed  in  the 
usual  way. 

Carbon  disulphide  comes  into  the  market  in 
sheet-iron  drums,  the  plates  forming  the  top  and 
bottom  being  bent  inwards  for  their  better  pro- 
tection from  blows  in  moving  about,  and  in  the 
upper  end  there  is  an  opening  which  can  be 
closed  by  a  screw  stopper.  Great  care  should 
be  taken  in  the  storing  of  carbon  disulphide  on 
account  of  its  extreme  volatility,  the  explosive 
nature  of  a  mixture  of  the  vapour  with  air,  and 
the  fact  that  its  products  of  combustion  are 
three  irrespirable  gases,  viz.  carbon  dioxide, 
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sulphurous  oxide,,  and  nitrogen.  The  store 
room  oiiglit  to  be  isolated  from  otlicr  buildings, 
and  should  be  well  ventilated.  The  vessels  in 
which  tlic  substance  is  kept  ought  to  be  tolerably 
large  and  placed  where  they  are  not  likely  to 
receive  a  blow  or  get  thrown  over.  When  re- 
quired for  use  the  carbon  disulphide  can  be 
drawn  off  by  means  of  a  siphon. 

Fropcrlics. — Carbon  disulpliide  is  a  colour- 
less, heavy,  and  extremely  volatile  liquid ;  the 
commercial  product  has  a  repugnant  and  f  letid 
smell,  but  when  purified  it  has  a  sweetish 
ethereal  odour,  and  an  acrid  pungent  taste.  It 
is  highly  refractive,  its  power  in  this  re- 
spect being  1-045 ;  its  sp.gr.  is  1-29215  5 
(Thorpe).  Water  dissolves  about  yhtk)  °f  i*'^ 
volume  of  the  disulphide,  and  yields  it  up 
again  unchanged  on  distilling  ;  the  solution  in 
water  possesses  the  odour  of  the  disulphide,  and 
has  a  slight  burning  taste.  The  aqueous  solu- 
tion acts  as  an  antiseptic.  Carbon  disuli)hide 
di'jsolves  sulphur,  phosphorus,  iodine,  bromine, 
chlorine,  camphor,  caoutchouc,  oils,  and  fats, 
and  may  be  mixed  in  almost  any  proportions 
with  nlcoliol,  ether,  benzene,  and  the  fixed  and 
volatile  oils.  Sulpliur  and  phosphorus  may  be 
obtained  in  crystals  by  the  spontaneous  evapora- 
tion of  their  solutions  in  carbon  disulpliide. 
When  a  rapid  stream  of  air  is  passed  through  it, 
the  vapour,  as  it  rises,  is  condensed  to  cauli- 
flower-like masses,  which  make  their  ajipearance 
on  the  surface  of  the  liquid  (Wartha,  B.  3,  80). 
When  the  whole  of  the  liquid  has  disapi5eared, 
the  resulting  solid  has  a  constant  temperature  of 
—  12°  so  long  as  it  remains  unvolatilised.  Ac- 
cording to  Wroblewski  and  Olzewski  it  solidifies 
at  —  11G°,  and  remains  solid  for  a  considerable 
time,  emitting  a  peculiar  aromatic  odour. 

Carbon  disulphide  boils  at  -lO-O^C.  (ThoriDe), 
and  the  vapour  ignites  in  air  at  14'J°C.  When 
mixed  with  three  times  its  volume  of  oxygen,  or  an 
amount  of  air  containing  that  volume  of  oxygen, 
it  is  very  explosive.  The  flame  of  burning  di- 
sulphide of  carbon  is  blue,  and  gives  rise  to 
sulphurous  and  carbonic  acid  gases :  CS.^  +  30., 
=  CO.,  +  2S0.M  When  carbon  disulphide  is  burnt 
in  a  lamp  on  the  principle  of  thoLunsen  burner, 
and  special  precautious  taken  to  prevent  explo- 
sions, it  produces  a  llame  with  an  actinic  power 
superior  to  that  of  magnesium  (C.  11.  79,  1078). 

A  mixture  of  the  vapour  of  disulphide  of 
carbon  with  nitric  oxide  burns  with  a  blue 
flame,  which  is  very  rich  in  rays  of  high  refran- 
gibility,  and  on  this  account  has  been  employed 
in  photography. 

Carbon  disulphide  ic  highly  poisonous,  inhala- 
tion of  the  vapour  prolucing  giddiness,  vomiting, 
congestion,  and  finally  conui.  When  taken  in 
small  quantity  only,  it  produces  in  time  very 
serious  effects  on  the  nervous  system.  In  the 
workmen  employed  in  its  manufacture  it  causes 
weakness,  depression,  and  loss  of  memory. 
Solution  of  ferrous  carbonate  in  carbonic  acid 
water  has  been  found  in  some  cases  effectual  as  a 
remedy.  Carbon  disulphide  vapour,  when  passed 
through  a  tube  heated  to  bright  redness,  is  partly 
resolved  into  its  elements,  carbon  depositing  and 
sulphur  i)assing  off  wilh  the  undecomposed 
compound.  Wlien  a  long  thin  plate  of  gold  or 
platinum  wound  into  a  spiral  with  tin-foil  is 
immersed  in  carbon  disulphide,  the  latter  is  said 


I  to  be  decomposed,  sulphur  combining  with  the 
tin,  and  carbon  being  deposited  in  small  crystals 
(C.  R.  63,  213). 

The  following  table  represents  its  tension 
at  varying  temperatures  (Seyferth) : 

45-5°C.  .     .      .      .1  atmosphere 
57-7    .      .      .  ,1.^ 
6G-9    ....   2  atmospheres 
74-3    .       .       .       .    2i  .. 
80-6    ....  3 
86-1    ....  3,V 
90-9    ....    4'  „ 
95-5    .       .       .       .    4i  „ 
990    ....    5"  „ 
For  table  of  vapour  pressures  between  0°  and 
50°  V.  Eamsay  and  Young,  C.  J.  47.  053 ;  also 
I  Herwig,  P.  137,  69  ;  141,  83 ;  147,  101. 
■      The  vapour  of  carbon    disulphide  when 
passed  over  metallic  oxides  at  a  red  heat  yields 
the  dioxide  of  sulphur  and  carbon,  together  with 
metallic  sulphides,  which  are  generally  found 
crystallised  and  resemble  those  found  in  nature. 
Carbon  disulphide  is  one  of  the  most  powerful 
sulphurising  agents  known,  and  by  means  of  it 
many  sulphides  may  be  jjroduccd  which  arc  not 
otherwise  obtainable  (Fremy).  It  converts  oxides 
into  sulphides  when  heated  with  them  in  sealed 
tubes.    The  vapour  is  strongly  attacked  by 
nitric  acid,  yielding  sulphuric  acid  and  nitrous 
vapours. 

A  mixture  of  the  vapour  of  carbon  disulphide 
and  sulphuretted  hydrogen  gas  when  passed 
over  red-hot  copper  yields  copper  sulphide  and 
marsh-gas :  CS.  +  2SH.,  +  Cu,  -  4CuS  -i-  CH,. 

The  vapour  of  carbon  disulphide  when 
passed  over  wood  undergoing  destructive  distil- 
lation alters  the  character  of  the  carbonaceous 
residue,  producing  a  material  having  high  con- 
ducting powers  for  heat  and  electricity,  and 
extremely  sonorous  when  struck. 

Carbon  disulphide  is  a  powerful  disinfectant. 
Meat  and  other  putreseiblc  bodies  have  been 
kept  in  an  atmosphere  containing  the  vapour  of 
this  compound  for  months  without  change. 

Heated  potassium  burns  in  the  vapour  of 
carbon  disulphide  with  formation  of  potassium 
sulphide  and  liberation  of  carbon  : 
CS,-f2K.  =  2SK.,+  C. 

When  brought  in  contact  with  a  solution  of 
an  alkaline  hydrate,  carbon  disulphide  is  de- 
composed, a  carbonate  and  a  sulpho-carbouato 
being  formed  : 

60KH -f  3CS,,  =  2CS(KS).,  +  30H.,  +  K.CO3. 

In  contact  with  solutions  of  alkaline  sul- 
phides, carbon  disulphide  also  forms  sulpho- 
carbonates  -,  SK^  +  CS,  =  CS(KS).„ 

When  the  vapour  of  carbon  disulphide  is 
passed  over  heated  calcic  hydrate,  it  is  decom- 
posed, carbon  dioxide  and  sulphuretted  hydrogen 
being  evolved. 

CS ,  +  2Ca(H0).,  =  2CaO  +  CO.,  -f  2SH.. 
This  reaction  has  been  utilised  in  the  removal  of 
carbon  disulphide  from  coal  gas,  which  is  the 
chief  source  of  the  smell  in  illuminating  gas. 

Chlorine  has  but  little  action  on  carbon  di- 
sulphide at  the  ordinary  temperatures,  but  in  the 
presence  of  iodine,  the  chlorides  of  antimony,  and 
molybdenum,  etc.,  chlorine  quickly  replaces  the 
sulphur  with  conversion  of  the  carbon  disulphide 
iuto  carbon  tetrachloride,  and  if  the  action  is 
interrupted  before  it  is  complete,  intermediate 
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compoumls  or  snlpliochloridcs  arc  formed 
(S.  C.  I.  6,  728). 

Carbon  disulpliide  combines  with  triethjd- 
phospliine  P(C.^H-,).,  to  form  a  solid  compound, 
crystallising  in  red  crystals  of  the  comjjositiou 

Carbon  disulpliide  is  not  decomposed  by 
boiling  water  under  the  ordinary  jiressure  of  the 
atmosphere.  Owing  to  its  volatility  it  may  be 
made  to  produce  great  cold  by  its  own  evapora- 
tion, and  if  this  takes  place  very  quickly  under 
the  air-pump  a  cold  of  —  60°C.  may  be  obtained. 

An  aqueous  or  alcoholic  solution  of  caustic 
potash  boiled  with  carbon  disulpliide  yields  with 
lead  salts  a  black  precipitate  of  lead  sulphide. 
This  is  a  delicate  test  for  the  substance. 

Carbon  disulphide  may  be  detected  in  coal- 
gas  by  passing  the  gas  wlaen  completely  freed 
from  sulphuretted  hydrogen  over  red-hot  cojiper 
foil,  when  the  copper  acquires  an  iridescent 
lustre,  and  its  nitric  acid  solution  diluted  with 
water  yields  after  some  time  a  precipitate  v/ith 
barium  chloride  (A.  Voge],Fr.  [2]  6,  253). 

Carbon  disulphide  may  be  regarded  as  the 
analogue  of  carbon  dioxide  : 

C0._,  carbon  dioxide 
CSj  carbon  disulphide. 
It  is  also  analogous  to  carbon  dioxide  in  its 
chemical  combinations,  e.g.  while  carbon  dioxide 
combines  with  metallic  oxides  forming  carbon- 
ates, carbon  disulphide  combines  with  metallic 
sulphides  forming  sulphocarbonates : 
C0.,-^Na,0  =  Na,C03 
CS,  +  Na,S  =Na,CS,. 

Sodium  carbonate  and  sulphocarbonate  pos- 
sess a  similar  constitution,  and  by  the  action  of 
strong  acids  they  should  give  analogous  pro- 
ducts, the  one  carbonic  acid,  and  the  other 
sulphocarbonic  acid.  Sulphocarbonic  acid  is  a 
yellow  oily  liquid,  obtained  by  decomposing  its 
potassium  salt  with  hydrochloric  acid 

K,CS:,  +  2HC1  =  H,CS,,  +  2KC\. 
Potassium  sulphocarbonate  is  used  for  the  de- 
struction of  phylloxera. 

Utics. —  The  low  price  at  which  carbon  di- 
sulphide can  be  produced  has  rendered  its  appli- 
cation possible  to  a  large  ninnber  of  useful 
purposes,  the  chief  of  which  is  in  the  prepara- 
tion of  vulcanised  caoutchouc,  and  as  a  solvent 
for  the  latter  in  the  manufacture  of  wateri^roof 
goods,  by  the  deposition  of  a  thin  layer  of  the 
dissolved  caoutchouc  on  the  fabric.  It  is  ex- 
tensively used  for  the  extraction  of  fat  from 
crude  wool,  for  the  extraction  of  fatty  oils  from 
oil  seeds  and  pressed  residues,  and  for  the 
purification  of  paraflin.  It  is  used  in  the  ex- 
traction of  uncombined  sulp)hur,  and  of  bitumen 
from  minerals.  It  is  emijloyed  by  the  shoe- 
maker in  making  seamless  joints ;  for  the  pre- 
paration of  caoutchouc  cement ;  in  the  manu- 
facture of  aluminium,  variouscolours,  ammonium 
sulphocyanide,  &c.  It  is  also  used  for  tilling 
prisms  on  account  of  its  high  dispersive  power. 
Attempts  have  been  made  to  use  it  in  boilers 
instead  of  water,  as  it  is  converted  into  vapour 
with  a  much  less  expenditure  of  heat  than 
water. 

Advantage  has  been  taken  of  its  poisonous 
properties  to  expel  weevils  from  grain  without 
injuring  the  cereal.  I'or  this  purpose  a  small 


quantity  of  the  carbon  disulphide  is  inclosed  in 
an  air-tight  chamber  with  the  grain  ;  in  a  few 
hours  both  the  larvre  and  eggs  are  killed  without 
injury  to  the  grain  (Doy^'re).  It  is  also  used  in 
Brazil  to  expel  the  Sauba  ant  from  the  founda- 
tions of  houses.  It  may  also  be  used  in  the 
analysis  of  oil  seeds  as  a  solvent  for  the  puriDose 
of  ascertaining  the  proportion  of  oil  which  the 
ground  seeds  contain. 

As  carbon  disulphide  dissolves  iodine  in  large 
quantity,  but  does  not  appreciably  dissolve  in 
water,  it  is  employed  for  determining  the  amount 
of  moisture  in  commercial  iodine. 

It  is  used  as  a  substitute  for  ether  in  dissolv- 
ing quinine  and  other  alkaloids,  for  extracting 
the  aromatic  ijrinciples  from  seeds  and  spices, 
and  for  the  extraction  of  the  scent  of  liowers. 
For  these  jiurposes,  however,  the  purest  quality 
of  the  disulphide  can  alone  be  employed. 

A  isolution  of  phosphorus  in  carbon  disul- 
phide has  been  employed  in  the  electrotyping  of 
very  delicate  objects,  such  as  grasses,  flowers, 
feathers,  etc.  Any  of  these  are  dipped  into  the 
solution,  then,  by  a  short  exposure  to  the  air, 
the  carbon  disulphide  evaporates  and  leaves  a 
thin  film  of  phosphorus  on  the  surfaces ;  they 
are  then  dipped  into  a  solution  of  nitrate  of 
silver,  by  which  silver  is  precipitated  in  a  very 
minute  film,  upon  which,  by  the  electrotype 
process,  any  thickness  of  silver,  gold,  coppery 
d'c,  can  be  deposited.  If  a  few  drops  of  carbon 
disulphide  are  put  into  a  solution  of  cyanide  of 
silver,  from  which  the  metal  is  being  deposited 
upon  the  article  to  be  electrotyped,  the  silver  is 
deposited  bright,  whereas  without  the  disulphide 
it  would  be  dull. 

Deiss,  who  first  employed  carbon  disulphide 
in  the  extraction  of  fatty  oils  from  seeds,  oil- 
cakes, and  other  pressed  residues,  used  the  fol- 
lowing arrangement. 

Carbon  disulphide  was  introduced  into  a 
large  cemented  brickwork  reservoir,  with  a  man- 
hole, which  is  generally  kept  closed,  22  feet 
long,  0  feet  in  diameter,  and  nearly  G  feet  deep, 
and  lined  with  lead  up  to  the  point  to  which  it 
was  filled  with  the  disulphide  and  water,  the 
latter  being  added  as  a  thin  layer  to  prevent  the 
too  rapid  evaporation  of  the  carbon  disulphide. 
Immediately  above  this  reservoir  is  a  worm  con- 
denser, whose  tail  pipe  dips  into  the  liquid  in 
the  reservoir  below  ;  on  one  side  of  the  condenser 
there  is  an  extractor  having  a  capacity  of  4,400 
gallons,  and  capable  of  receiving  a  charge  of  12 
tons  of  oilcake.  This  extractor  is  supplied  by 
means  of  a  pump  with  carbon  disulphide  from 
the  reservoir  below  through  a  pipe  leading  up 
from  the  reservoir  to  the  extractor.  The  latter 
apparatus  has  two  perforated  shelves,  one  nearly 
at  the  top  and  the  other  nearly  at  the  bottom,  • 
between  which  the  substance  to  be  operated  upon 
is  placed.  In  the  space  between  the  lower  per- 
forated shelf  and  the  bottom  of  the  extractor  is 
a  coil  o£  pipe  through  which  steam  can  be 
passed.  Just  above  the  upper  perforated  shelf 
there  are  nine  pipes  on  the  same  level  for  the 
purpose  of  carrying  the  vapours  produced  in  the 
operation  to  the  condenser.  There  are  also 
pil3es  just  above  this  shelf  which  are  in  direct 
communication  with  a  still  on  the  opposite  side 
of  the  condenser,  to  which  disulphide  saturated 
with  oil  is  carried,  the  saturated  disulphide 
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rising  to  tlie  surface  in  the  operation  owing  to 
tlie  difference  in  the  sp.gr.  of  tlie  carbon  disul- 
phide  (1-2'J)  and  oil  (about  O-'JOO).  The  still  in 
wliich  this  liquid  is  distilled  is  about  11  feet 
long,  5  feet  wide,  and  15  inches  deep,  holding 
when  half  filled  about  400  gallons.  The  liquid 
is  heated  by  steam  supplied  through  two  pipes 
coiled  several  times  round  the  bottom  of  the 
still,  and  the  vapour  of  the  volatilised  carbon 
disulphide  is  led  through  nine  pipes  into  the 
condenser,  and  thence  into  the  reservoir  below 
the  condenser,  and  is  ready  to  be  used  again  in 
the  extractor  for  macerating  a  fresh  quantity  of 
material. 

The  last  traces  of  carbon  disulphide  are  re- 
moved from  fat  or  oil  in  the  distilling  apparatus 
by  passing  steam  directly  into  the  apparatus 
until  all  the  carbon  disulphide  is  volatilised  and 
carried  away  by  the  steam. 

The  termination  of  the  extraction  in  the 
macerating  vessel  is  determined  by  the  colour 
of  the  liquid,  which  can  be  seen  through  glass 
tubes  fixed  in  the  pipes  conducting  the  liquid 
from  the  extractor  to  still.  As  soon  as  this  is 
colourless  the  operation  is  considered  complete, 
and  the  contents  of  the  extractor  are  then  dis- 
charged by  opening  a  cock  in  a  pipe  leading  to 
the  reservoir. 

When  this  operation  is  over,  superheated 
steam  is  passed  into  the  extractor  in  order  to 
remove  the  last  traces  of  carbon  disulphide,  and 
when  the  exhausted  material  has  thus  been 
sulliciently  cleaned,  a  cock  at  the  bottom  of  the 
extractor  is  opened  and  the  condensed  water  let 
out ;  the  lid  and  upper  perforated  shelf  are  then 
removed,  and  the  residues  spread  out  in  the  air 
to  dry.  These  residues  are  used  in  Pisa  for 
heating  the  boiler,  which  thus  supplies  steam 
for  the  whole  apparatus. 

The  time  taken  to  fill  the  extractor  with 
Carbon  disul])hidc  is  eight  hours,  the  maceration 
of  the  material  four  hours,  the  emptying  of  the 
contents  of  the  extractor  into  the  reservoir  at 
the  close  of  the  operation  two  hours,  and  the 
steaming  of  the  oil  in  the  still  in  order  to  free  it 
from  carbon  disulphide  from  eight  to  twelve 
liours.  Working  with  an  apparatus  such  as 
described,  about  '2.V  tons  of  oil  can  be  obtained 
in  thirty  hours  from  25  tons  of  oilcake. 

Extraction  of  fat  from  tvool. — Morson  and 
Jerome  employ  for  this  purpose  a  large  cylindri- 
cal vessel  with  a  close-fitting  cover  and  double 
walls,  between  which  hot  water  circulates.  The 
wool  is  placed  on  a  perforated  shelf  near  the 
bottom  of  the  cylinder,  while  a  perforated  plate, 
a  kind  of  piston,  could  be  pressed  upon  the  wool 
by  an  arrangeinent  of  screws.  Carbon  disul- 
phide is  pumped  from  a  reservoir  into  the  ex- 
tractor, and  the  disulphide  as  it  becomes  satu- 
rated with  fat  is  led  through  a  pipe  into  a  still 
which  is  heated  by  a  coil  of  steam  pipe  at  the 
bottom,  the  vapour  being  passed  to  a  worm 
condenser  and  the  liquid  disulphide  passed  into 
the  reservoir  which  is  inmiediiitidy  beneath. 
By  a  second  arrangement  of  steam  pipes,  steam 
can  bo  passed  directly  into  the  still  so  as  to 
remove  the  last  portions  of  disulphide.  A  cur- 
rent of  air  heated  to  70'  is  then  forced  through 
the  wool  by  means  of  an  air-pump.  As  all  the 
parts  of  the  apparatus  are  in  direct  communi- 
cation with  eacli  other,  it  is  necessary  to  supply 


I  the  diminished  pressure  in  the  reservoir.  When 
I  air  is  pumped  out  of  it  and  sent  through  a  tube 
'  several  times  bent  and  the  last  portion  fitted 
with  a  hot-water  jacket,  the  equilibrium  of 
,  pressure  should  be  maintained,  and  this  is  done 
by  a  supply  of  air  from  a  gas-holder  in  connec- 
tion with  the  apparatus.    The  last  portions  of 
carbon  disulphide  are  thus  swept  out  of  the  ex- 
tractor and  are  carried  through  a  pipe  into  a 
second  worm  condenser,  and  thence  to  the  I'cser- 
voir.    At  convenient  points  between  the  mace- 
rating vessel  and  the  still,  as  well  as  at  the  ends 
of  the  condensing  worms,  there  are  windows  in 
the  pipes,  which  serve  to  form  an  idea  of  tiie 
state  of  the  operation,  and  close  to  each  of 
these  windows  is  a  cock  from  which  a  little  of 
the  liquid  can  be  drawn  and  evaporated,  in  order 
I  to  see  if  a  residue  of  fat  remains. 

The  macerating  vessel  or  extractor  is  charged 
I  with  about  10  tons  of  wool,  and  is  then  reduced 
.  to  about  half  its  volume  by  screwing  down  the 
I  perforated  plate.  The  carbon  disulphide  is  then 
pumped  into  the  extractor,  and  after  filtering 
through  the  wool  ascends  through  the  perfora- 
tions and  passes  into  a  pipe  leading  to  the  con- 
denser. This  is  continued  until  the  liquid  conies 
over  colourless,  and  leaves  no  residue  on  evapo- 
ration. When  the  extracting  process  is  finished 
the  cock  admitting  carbon  d  sulphide  into  the 
extractor  is  closed,  and  a  partial  vacuum  is 
formed  by  drawing  air  out  of  the  extractor  by 
the  air-pump,  the  greater  part  of  the  disul])hide 
adhering  to  the  wool  being  carried  with  it  at 
the  first  few  strokes.  When  this  is  done  the 
water  jacket  is  heated  by  water  at  VO'^C.  and  the 
cocks  are  so  arranged  as  to  allow  the  heated  air 
to  pass  through  the  wool,  and  thence  into  the 
open  air.  By  this  method  a  considerable  quan- 
tity of  fatty  substance  is  obtained  from  sheeps' 
wool  which  was  formerly  lost. 

The  following  materials  are  treated  with 
carbon  disulphide  in  order  to  obtain  the  fatty 
ingredients  which  they  contain: — 

1.  The  dark-coloured  tar-like  residues  of 
stearin  manufactories,  which  are  products  of 
the  treatment  with  sulphuric  acid.  They  yield 
from  18  to  20  p.c.  of  fatty  acid,  which  was 
formerly  almost  entirely  lost.  The  residues  are 
mixed  with  sawdust  to  facilitate  the  filtration  of 
the  dissolved  portion. 

2.  The  dark-brown  cart-grcase  from  the  axles 
of  carts,  carriages,  Ac.  This  is  first  treated  with 
sulphuric  acid,  washed,  and  dried. 

3.  Tow  and  rags  used  in  cleaning  machinery. 
This  treatment  of  rags  &c.  has  a  threefold  ad- 
vantage; rocoveiy  of  fat  or  fatty  acids,  purifi- 
cation of  the  rags  so  that  they  can  be  used  again, 
and  the  prevention  of  spontaneous  combustion 
which  these  materials  are  liable  to  on  exposure 
to  air. 

4.  The  refuse  of  the  preparation  of  bees- 
wax, which  on  treatment  with  carbon  disulphide 
yields  a  yellow  wax  useful  for  many  purposes. 

5.  Sawdust  that  has  been  used  for  filtering 
oils  after  purilicalion  with  sulphuric  acid. 

C.  The  dirty  sediment  produced  by  the  treat- 
ment of  various  oils  with  sulphuric  acid  con- 
tains about  50  p.c.  of  oil,  which  may  be  ex- 
tracted by  carbon  disulphide  after  washing 
with  boiling  water,  drying,  and  mixing  it  with 
sawdust. 
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7.  Bones  from  slaughter-houses  and  kitchens 
that  are  to  be  used  in  the  preparation  of  bone- 
black  yield  with  carbon  disulphide  from  10  to 
12  p.c.  of  fat. 

8.  The  expressed  residues  of  oil  seeds,  such 
as  rape,  sesame,  flax,  &c.,  when  they  cannot  be 
projierly  employed  as  fodder.  In  all  cases  it  is 
necessary  to  break  up  the  oilcake  into  small  pieces 
before  treating  it  with  carbon  disulphide,  so 
as  to  ensure  thorough  penetration  of  this  sub- 
stance. The  residue  left  after  extracting  the 
fat  is  hardly  suitable  for  fodder,  but  is  valuable 
as  a  manure. 

9.  The  '  cracklings '  or  greaves  obtained  by 
the  melting  of  tallow. 

10.  The  jiressed  cacao-beans  from  which  no 
further  cacao  butter  can  be  obtained  by  pressing. 

11.  The  pressed  residues  obtained  in  the 
preparation  of  olive  oil. 

Extraction  of  bitumen  dx.  from  minerals. — 
This  i3rpcess,  employed  by  M.  Moussu,  is  in- 
teresting from  the  fact  that  it  can  be  employed 
for  the  extraction  of  bitumen  from  mineral 
bodies  which  contain  so  small  a  percentage  as 
not  to  pay  when  obtained  by  the  ordinary  pro- 
cess of  distillation.  It  consists  of  a  close  reser- 
voir for  the  disulphide  of  carbon,  over  which  is 
a  cooling  apparatus  which  serves  as  condenser 
for  the  vapour  of  sulphide  of  carbon  in  distilling 
after  the  substances  have  been  operated  upon. 
Below  the  reservoir,  one  on  each  side,  are  two 
filters  pirovided  near  the  bottom  with  a  movable 
and  perforated  shelf.  Minerals  are  introduced 
into  the  filters  upon  the  shelf  through  doors 
near  the  bottom,  which  are  then  closed  and 
made  air-tight.  The  liquid  carbon  disulphide  is 
now  admitted  through  a  pipe  at  the  bottom  of 
each  filter  proceeding  from  the  reservoir,  and  as 
the  liquid  rises  it  percolates  through  the  mine- 
rals, dissolving  out  the  bitumen,  and  when  full 
flows  out  at  the  top  through  a  pipe  leading  to  a 
still,  where  the  saturated  liquid  is  distilled,  the 
vapour  of  carbon  disulphide  ascending  into  the 
condenser,  and  the  liquid  sulphide  of  carbon  as 
it  condenses  trickles  into  the  reservoir  beneath. 
The  bituminous  matters  which  remain  in  the 
still  are  drawn  olf  by  a  cock  at  the  bottom,  and 
the  disulphide  which  remains  absorbed  by  the 
minerals  in  the  filters  is  expelled  by  a  current 
of  steam.  This  apparatus  is  practically  con- 
tinuous, very  little  loss  of  the  disulphide  taking 
place  at  each  operation,  and  as  much  as  12  ji.c. 
of  bitumen  can  be  obtained,  whereas  only  7  or 
8  p.c.  could  be  had  by  distillation. 

Extraction  of  spices  dx. — Boniire  has  de- 
vised an  apparatus  for  extracting  the  aromatic 
principles  of  various  spices  and  other  substances 
used  for  seasoning  food  by  means  of  carbon 
disulphide.  It  is  the  same  in  principle  as  the 
apparatus  already  described,  consisting  of  a 
series  of  wire-gauze  sieves  arranged  one  over 
the  other  in  an  air-tight  case.  The  carbon  disul- 
phide is  made  to  pass  through  the  sieves  which 
contain  the  substance  to  be  operated  upon,  c./j. 
pepper,  dissolving  out  the  active  principles,  and 
as  it  reaches  the  top  it  fiows  through  a  pipe  into 
a  boiler.  The  boiler  contains  either  salt,  sugar, 
lactin,  dextrin,  saltpetre,  or  other  material, 
according  to  what  is  under  operation.  The 
liipiid  is  distilled  in  the  boiler,  whicli  has  some 
peculiarity  adapted  for  this  special  purpose,  at 


110°  to  150°F.,  by  admitting  steam  Into  a  kinl 
of  jacket,  when  the  disulphide  distils  over  and  is 
condensed  in  a  worm  condenser,  while  the  salt 
or  sugar  remains  behind,  retaining  all  the  aro- 
matic or  acrid  principles  of  the  spice. 

The  pepper  is  not  only  exhausted  by  this 
plan,  but  the  salt  or  sugar  retains  all  the  aro- 
matic principles  entirely  free  from  smell  or 
taste  of  the  disulphide;  the  latter  compound 
remains  perfectly  pure  and  may  be  used  again 
for  the  same  purpose. 

Bergot  has  constructed  an  apparatus  foi" 
rapidly  determining  the  quantity  of  oil  in  seeds 
etc.  by  means  of  carbon  disulphide.  It  consists 
of  a  glass  vessel  in  the  neck  of  which  a  cyliur 
drical  glass  vessel  is  accurately  fitted,  and  at  the 
side  in  a  tubulure  is  inserted  a  small  air-pumjj. 
50  grams  of  the  finely  ground  seed  to  be  ex- 
amined are  placed  in  the  cylindrical  glass 
vessel,  and  are  covered  with  a  diaphragm 
upon  which  50  more  grams  are  placed  and 
covered  with  a  second  diaphragm.  Carbon 
disulphide  is  now  poured  on  until  the  seed  is 
fully  moistened,  and  after  a  few  minutes  a 
partial  vacuum  is  made  in  the  apparatus  by 
means  of  the  air-pump,  wlien  the  pressure  of  the 
air  drives  out  the  disulphide  and  oil  in  solution 
into  the  vessel  beneath.  This  is  repeated  until 
the  carbon  disulphide  comes  off  colourless  and 
leaves  no  oily  stain  on  contact  with  filter 
paper.  About  400  or  500  grams  of  carbon  di- 
sulphide are  sufficient  to  exhaust  the  above 
amount  of  seed. 

The  oily  solution  thus  obtained  is  then 
heated  in  a  saucer  over  a  small  water-bath,  and 
as  soon  as  the  disulphide  is  all  expelled  the 
liquid  is  heated  to  boiling,  allowed  to  cool,  and 
is  then  weighed. 

The  combustion  of  carbon  disulphide  fur- 
nishes a  sulphur  dioxide,  and  it  may  be  burned 
with  the  object  of  obtaining  this  gas  in  a 
lamp  of  special  construction  devised  by  Ckeandi 
Bey.  The  sulphur  dioxide  is  useful  as  a 
disinfecting   agent,    is    capable   of  rendering 


Fig.  4. 


good  service  in  the  bleaching  of  silk  and 
woollen  goods,  and  it  may  also  be  used  for 
bleaching  sponges,  straw  hats,  and  many  other 
objects.  The  lamp  consists  of  an  external 
vessel  of  tinned  copper  containing  water ;  a 
second  vessel  containing  the  carbon  disulphide 
stands  iu  the  water  in  the  first  vessel.    To  the 
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sides  of  the  second  vessel  three  siphons  are  fixed, 
which  admit  water  into  it  from  the  first  vessel  on 
to  the  surface  of  the  disuli^hide,  the  weight  of 
the  water  forcing  the  disuljihide  up  a  central 
tube  in  which  the  cotton  wick  is  placed.  The 
flame  can  be  regulated  according  to  the  height  of 
the  water  in  the  first  or  external  vessel,  the 
pressure  on  the  surface  of  the  disulphide  depend- 
ing on  this,  and  therefore  the  size  of  the  flame. 

When  a  room  is  to  be  disinfected  the  lamp  is 
placed  in  the  centre,  and  when  lighted  the 
door  is  hermetically  sealed.  When  all  the  di- 
sulphide has  burned  it  will,  of  course,  be  replaced 
by  water  through  the  siphons,  and  the  lamp  goes 
out  of  itself.  The  combustion  proceeds  w^ith 
great  regularity  and  without  any  danger.  About 
5h  lbs.  are  required  for  a  room  of  3,500  feet 
capacity  (La  Nature,  24,  117). 

H.  L.  Greville  has  extracted  with  advantage 
the  carbon  disuljihide  absorbed  in  the  purifiers 
of  the  gasworks.  The  lime  used  for  this  pur- 
pose, after  being  discharged  from  the  purifiers, 
is  introduced  into  a  boiler  capable  of  receiving  a 
charge  of  several  hundredweight,  fitted  with  a 
perforated  false  bottom,  pressure  gauge,  and  an 
arrangement  for  admitting  steam.  The  yield  of 
carbon  disulphide  from  one  hundred  tons  of 
spent  lime  is  about  1\-  tons  of  disulphide  of 
carbon.  In  addition  to  the  value  of  the  crude 
product  thus  obtained  the  lime  remaining  is, 
with  a  small  addition  of  fresh  lime,  fit  for 
further  use  in  the  i^urifioation  of  a  further 
quantity  of  coal  gas.  As  is  well  known,  oxide  of 
iron,  after  continued  use  in  the  absorption  of 
sulphuretted  hydrogen  from  coal  gas,  contains 
about  .50  p.c.  of  free  sulphur.  The  crude  disul- 
phide of  carbon,  obtained  as  described,  can  be 
used  for  the  extraction  of  this  sulphur,  and  the 
oxide  which  remains  is  revivified,  and  is  again 
fit  for  purifying  purposes.  The  sulphur  is 
recovered  by  distillation,  and  the  carbon  disul- 
phide can  be  used  over  again  (S.  C.  I,  2,  488). 

The  principal  seats  of  manufacture  in  Eng- 
land arc  London,  Manchester,  and  Ironbridge ; 
in  France,  Paris,  Bordeaux,  and  Marseilles. 
Germany  has  several  manufactories,  while  within 
the  Austrian  dominions  there  is  one  in  Galicia. 

Deiss  gives  the  following  estimate  of  tlie 
cost  of  carbon  disulphide  when  made  by  his 
plan  : — 

Sulphur  in  rolls,  733  kil.  at  24  fr.  17r)-92 
Charcoal,  KiO  kil.  at  4  fr.  .  .  IG  OO 
Labour,  2  men,  per  shift  .  .  18-00 
Fuel,  coke  28  heet.  at  1  fr.  24  c.  .  31-25 
lloctification,  general  charges  .  13-00 
Cleaning  the  apparatus       .      .    20  00 

274-17 

Sulphur  recovered,  300  kil.  at  21  fr.    72  00 


202-17 

Produce,  433  kil.  of  disulphide,  or  the  kil. 
costs  nearly  47  c. 

Carbon  disulphide  is  produced  at  the  rate  of 
probably  not  more  than  1,500  tons  per  annum 
in  the  United  Kingdom  ;  it  is  not  imported,  nor 
is  it  exported  in  any  considerable  quantity. 

Carbon  monosulphide.  CS '?  A  red  powder 
obtained  l)y  exposing  carbon  disulphide  to  sun- 


light. Insoluble  in  water,  alcohol,  turpentine,  and 
benzene  (Sidot,  C.  R.  C'J,  1,303  ;  74,  180  ;  81,  32). 

Carbon  sesquisulphide  C.Sj  ?  Low,  Z.  9, 
173  ;  10,  20,  C,S,  ?  Kaub.  C.  C.'l870,  57',t.  A  red- 
brown  powder  foraied  by  action  of  sodium  on 
carbon  disulphide. 

Carbon  oxysulphide  or  carboxyl  sulphide. 
COS.  Discovered  by  Than  in  181)7  ;  occurs  in 
certain  hepatic  waters  or  mineral  springs.  Pre- 
pared (1)  by  passing  a  mixture  of  carbonic  oxido 
and  vapour  of  sulphur  through  a  hot  tube; 
CO  +  S  =  COS.— (2)  By  the  action  of  sulphuric 
acid  uiJon  potassium  thiocyanate. 

CNKS  +  2S0^H,.+  0H.. 
=  COS  +  SO^HK.  +  SO,H(NH,). 
(3)  By  heating  together  sulphur  trioxide  and 
carbon    disulphide;     CSj+ 3S03  =  COS  +  4S0. 
(Armstrong). — (4)  By  heating  urea  with  carbon 
disulphide  in  a  sealed  tube  to  llO^C. 

COH.N.-i-  CS,  =  COS  +  CNS.NH,. 

The  oxysulphide  is  given  ofif  together  with 
hydrogen  sulphide  on  opening  the  tube,  and  the 
latter  is  absorbed  by  passing  through  lead 
acetate  (Ladenburg).  For  other  modes  of  pre- 
paration V.  Watts'  Dictionary. 

Pro2}:irties.— Is  a  colourless  gas  smelling  like 
hydrogen  sulphide,  but  with  a  slight  aromatic 
odour.  It  is  readily  intiammable  and  forms  with 
oxygen  an  explosive  mixture.  Water  dissolves 
its  own  volume  of  the  gas  and  acquires  its  cha- 
racteristic smell  and  taste.  A  platinum  wire 
heated  to  w-hiteness  in  the  gas  decomposes  it 
into  sulphur  and  carbonic  oxide,  the  latter 
occupying  the  original  volume  of  the  gas.  It 
has  a  specific  gravity  of  2-104G,  and  may  be 
easily  poured  from  one  vessel  to  another.  When 
burnt  in  air,  it  produces  carbon  dioxide  and 
sulphur  dioxide.  With  caustic  alkaUs  it  yields 
a  mixture  of  carbonate  and  sulphide 

COS  +  4KH0  =  CO.,K,  +  K,S  +  20H,. 
It  is  liquefied  at  a  pressure  of  12-5  atmospheres 
and  temp.  O'^C.  to  a  colourless,  mobile,  and 
highly  refractive  liquid,  which  dissolves  sulphur 
and  mixes  with  alcohol  and  ether,  but  not  with 
w-ater.  If  the  pressure  is  suddenly  released, 
solid  flakes  are  deposited,  and  jiersist  for  some 
time  (Ilosviiv,  lU.  [2]  37,  294). 

CARBONADO  v.  Dwmosd. 

CARBONITE  i\  Explosivks. 

CARDAMOM  OIL.  The  volatile  oil  distilled 
from  tlic  seeds  oi  any  of  the  many  species  of 
cardamoms  (called  also  grains  of  Paradise,  Guinea 
grains,  and  Malaguetta  pepper,  all  these  names 
being  used  in  a  somewhat  indeterminate  sense) 
as  Aiuomnvi  Mala(iuct(i,Elcttaria  Cardainoriitnn, 
FActtaria  major  or  Gramim  Paradisi,  cultivated 
in  Ceylon  and  Malabar,  and  to  a  small  extent 
in  Abyssinia.  Sp.gr.  of  the  oil  0-945.  It  is 
nearly  colourless,  of  a  strong  aromatic  smell 
and  burning  taste,  and  consists  of  a  terpene 
b.p.  170-178°,  terpinene  and  terpineol  C|„H,,0, 
b.p,  205-220'^. 

Cardamoms  come  to  this  country  as  long- 
shaped  triangular  seed  capsules,  having  three 
compartments  all  filled  with  small,  rough,  angular 
yellow-red  seeds.  The  seeds  yield  about  5  p.c. 
of  the  volatile  oil;  they  contain  also  a  fixed  non- 
drying  oil  of  a  rancid  smell.  The  oil  sometimes 
deposits  crystals  isomeric  or  identical  with 
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hyilrate  of  camplicne.     The  smaller  liind  of 
caiilamoms  have  been  found  adulterated  with 
dried  orange  pips,  detectable  by  close  inspection. 
CARDINAL-RED.     Syn.  Acid  Magenta,  v. 

Tl:rrilKNYLWETIIANE  COLOUniNG  MATTERS. 

CARDOL.  A  non-volatile  oil  found  in  the 
pericarp  of  the  Cashew  nut,  Anacardium  occi- 
duntale. 

CARICIN.  An  oil  found  in  the  seeds  of  the 
Papaw  tree,  Carica  Papaya  (Peckolt,  Ph.  [3] 
10,  o4:i). 

CARMINE.  The  red  colouring  matter  ex- 
tracted from  the  cochineal  insect.  It  is  of  some- 
what variable  composition,  containing  besides 
the  colouring  matter  some  organic  matter  from 
the  insects  and  a  little  of  the  salt  used  to  pre- 
cipitate it  from  solution. 

Preparation. — The  powdered  cochineal  is 
boiltd  with  water,  the  solution  filtered  or  al- 
lowed to  settle,  and  the  colouring  matter  pre- 
cipitated by  addition  of  some  salt,  such  as  alum, 
staiuious  chloride,  cream  of  tartar,  Eoman  alun), 
&c.  The  precipitate  is  allowed  to  settle,  and  col- 
lected. Sometimes  fish  glue  or  white  of  egg  is 
added  before  precipitation.  Carmine  is  some- 
wliat  soluble  in  water  and  very  freely  soluble  in 
alkaline  solutions.  The  whole  of  the  colouring 
matter  is  immediately  precipitated  by  alum  in 
the  form  of  a  lake. 

In  dyeing  with  carmine  a  mordant  of  alum 
or  stannous  chloride  is  used.  Kiclmeyer  recom- 
mends the  following  mixture  for  printing  on 
woollen  goods;  14  kilos,  gum,  17'5  kilos,  cochineal 
lake,  and  2-25  kilos,  fustic  lake,  are  mixed  and 
warmed  with  15  lit.  water  till  the  gum  is  dis- 
solved, then  1  kilo,  of  oxalic  acid  and  1-75  kilo, 
acid  sodium  oxalate  added,  and  the  mixture 
allowed  to  cool,  after  which  2-25  kilos,  sodium 
acetate  are  added.  After  printing,  the  fabric 
must  be  dried  for  a  day  or  two,  steamed  under  a 
slight  pressure,  and  washed  in  a  stream. 

Dctcclion  of  carmine  in  cloth. — Alcohol 
takes  no  colour  from  the  cloth,  but  when  it  is 
boiled  in  solution  of  aluminium  sulphate  the 
solution  turns  red  and  the  colour  is  unchanged 
by  the  addition  of  acid  sodium  sulphate. 

The  absorption  spectrum  of  carmine  in 
alkaline  solution  is  remarkable,  showing  two 
dark  bands  between  the  lines  D  and  E  very 
similar  to  those  of  blood.  Murexide  and  madder 
show  no  such  bands.  When  wine  is  coloured 
with  carmine  the  characteristic  absorption  bands 
cannot  be  seen  unless  more  than  12  p.c.  of  the 
total  colour  is  due  to  carmine  (Gautier),  but  tlie 
adulteration  can  be  detected  by  adding  alum, 
when  the  colour  changes  to  a  rose  tint. 

It  is  said  that  the  finest  shades  of  carmine  can 
only  be  obtained  by  working  in  direct  sunlight. 

'CARMINIC  AC'lD  v.  Glucosii.es. 

CARMOISIN.    Syn.  for   Azoriihiii,  v.  Azo- 

C('I,i)Iil;[N(l  MATTERS. 

CARMUFELLIC  ACID  C,,,H,„0,,.  An  acid 
crystalli.sing  in  thin  plates  formed  by  the  action 
of  nitric  acid  on  oil  of  cloves  (Muspratt  and 
Dawson,  P.  M.  [1]  2,  298). 

OARNALLIIE.  A  double  chloride  of  potas- 
sium and  magnesium  KC12MgCl,_,.12Hp,  found 
at  Stassfurth,  Prussia,  in  a  thick  layer  under 
rock-salt  beds,  and  accompanied  by  the  minerals 
Aiiliifdritc,  Kicscrite,  Tachhijdritc,  Sijlvitc, 
Kiiinitc,  and  Boraciie. 


Analyses  hy  Ease. 

1  2 


Magnesium  chloride  . 
Potassium  chloride  . 

.  3I-4G 

30-51 

.  24-27 

24-27 

Sodium  chloride  .  . 

.  5-10 

4-55 

Calcium  chloride  .  . 

.  2-62 

301 

Magnesium  sulphate. 

.  0-34 

1-2(3 

Oxide  of  iron   .    .  . 

.  0-14 

0-14 

Water  (by  diff.)    .  . 

.  35-57 

36-2G 

100-00 

100-00 

Hammerbacher  found  traces  of  cn?sium,  rubi- 
dium, and  thallium  in  Stassfurth  carnallite  and 
in  crystals  resembling  carnallite  from  a  spring 
of  Nauheim. 

Properties. — Amorphous  masses  of  a  fatty 
lustre  on  fresh  fracture,  deliquescent  and  freely 
soluble,  leaving  a  residue  of  iron  oxide. 

Used  as  a  source  of  potassium  salts  and  as  a 
manure  (v.  Potassium). 

CARNAUBA  WAX  v.  Wax. 

CARNINE  C;H,N,03.  A  crystalline  sub- 
stance found  in  extract  of  meat,  and  obtained  by 
treating  the  aqueous  extract  with  lead  acetate 
solution,  and  boiling  the  precipitate  with  water, 
when  cajnine  separates  out  on  evaporating  the 
filtrate  {v.  Weidcl,  A.  158,  353  ;  Schiitzenberger, 
C.  R.  78,  493;  Kruckenberg  a.  Wagner,  C.  C. 
1884,  107). 

CARONY  BARK  v.  Cuspabia  bark. 

CARRAGEEN.  Caragcen,  Carragheen,  or 
CarragaJieen;  Fr.,  Oaeinen,  Irish  or  Pearl  Moss. 
An  alga  {Chondrus  crispus)  found  on  all  the 
western  coasts  of  Europe  and  on  the  east  coast 
of  North  America.  In  Ireland  it  is  collected, 
dried,  and  bleached  in  the  sun.  Found  in  com- 
merce as  flat,  dry,  yellow-white  pieces  2  to  3 
inches  long,  usually  branching,  of  a  very  faint 
odour  and  mucilaginous  taste,  swelling  in  water 
like  g°latine.  Almost  comjjletely  soluble  in  boil- 
ing water  ;  the  solution  sets  to  a  jelly  on  cooling. 
Contains  a  high  percentage  of  nitrogen,  and  is 
of  value  as  a  food  in  diseases  of  lungs  and 
general  weakness,  usually  taken  dissolved  in  hot 
milk.  It  has  also  been  applied  as  a  size  arid  for 
stiffening  silk,  also  occasionally  in  making  jellies. 

Sometimes  found  largely  adulterated  with 
Gigartina  mamillosa,  which  is  less  valuable  and 
recognised  by  its  stalked  fruits  and  channelled 
stem  (r.  kwx,). 

CARRAWAY  OIL     Oils,  essentlu,, 

CARRIAGE  VARNISH  v.  Vaenish. 

CARROT  GUM  v.  Gums. 

CARROTIN.  The  colouring  matter  of  Daucns 
Carota.  Found  also  in  the  leaves  of  plants  and 
in  the  tomato.  Crystallises  in  small  red  plates, 
insoluble  in  water,  slightly  soluble  in  alcohol, 
readily  soluble  in  carbon  disulphide.  Composi- 
tion unknown. 

CARTHAMIN.  The  red  colouring  matter  of 
the  Carthamus  tinctorins  or  safflower  (order 
Composit'x)  (Rose  Vegetal,  Rouge  Vegetal,  Pflan- 
zenroth,  but  usually  called  carthamin,  in  French 
and  German),  a  red  dyestuff  found  in  commerce 
as  dry  leaflets  with  brilliant  peacock-green  lustre 
and  a  strong  smell  of  lemons.  An  inferior  quality 
has  a  brown-red  colour  without  lustre  and  an 
unpleasant  smell. 

Preparation. — The  flower-heads  of  carthamus 
are  placed  in  linen  bags  and  kneaded  in  running 
■\vater  till  no  more  yellow  colour  appears,  then 
soaked  in  very ,  dilute  acetic  acid  and  again 
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washed  in  running  water.  In  this  process  the  ' 
flowers  lose  about  half  their  weight. 

Stir  with  solution  of  sodium  carbonate 
(16 lbs.  soda  to  50  gallons  water  and  100  lbs. 
satHower),  let  stand  till  clear,  decant  the  liquid 
and  press  the  residue.  Add  to  the  solation  ob- 
tained as  described  10  lbs.  of  fresh  clear  lemon- 
juice  and  a  quantity- of  linen  or  cotton  rags  ;  all 
the  colouring  matter  adheres  to  the  rags.  These 
are  removed,  pressed,  and  placed  in  a  solution 
of  sodium  carbonate  (10  lbs.  soda  to  40  gallons 
water).  The  rags  are  removed  from  the  solution, 
wnich  now  contains  all  the  pigment,  this  is  ihcn 
precipitated  with  just  suflicient  lemon-juice,  lil- 
tcrcd,  and  the  precipitate  dried  on  paper  or  por- 
celain plates.  This  process  produces  the  finest 
quality  of  carthamin. 

Dyeing  with  cartliamin. — The  carthamin  is 
rubbed  up  with  water  and  passed  through  a  very 
line  sieve  into  a  large  volume  of  water.  The 
article  to  be  dyed  is  stirred  with  this  solution 
till  the  desired  shade  is  obtained,  then  removed, 
and  dipped  in  a  bath  of  alum  or  common  salt ; 
lastly,  thoroughly  washed  and  dried. 

Tlie  best  vegetable  rouge  is  made  from  car- 
thamin by  the  following  process.  Carthamin 
(or  flowers  of  Lialris  scai-iosa)  is  dissolved  in 
very  dilute  solution  of  sodium  carbonate.  A 
quantity  of  very  finely  powdered  chalk  is  added 
to  the  solution,  and  then  just  sutlicient  acid  or  | 
lemon-juice  to  precipitate  the  colouring  matter 
which  is  carried  down  by  the  chalk.  The  pre- 
cipitate is  filtered  off,  dried,  and  made  into  a 
paste  with  olive  oil.  This  is  called  Spanish  : 
vegetable  rouge.  ] 

The  colour  of  carthamin  is  quickly  destroyed 
by  light.  Its  use  as  a  dyestuff  has  been  con- 
siderably restricted  since  the  introduction  of 
eosin  and  the  salVranines.  Its  composition  is 
C,,H,„0,  {lk  Sakfloweu). 

CARVACROL  v.  Campiioks  ;  also  Oils,  es- 

8ENTI.VL. 

CARVEOL  V.  Camphors. 
■    CARVOL  V.  Campiiop.s. 

CASCARA  SAGRADA.  The  dried  bark  of  the 
BhanDiiis  I'lirshiana  (De  Cand.),  a  small  species 
of  thorn-tree  inhabiting  the  Pacific  slopes  of  the 
Eocky  Mountains.  For  botanical  characters 
see  Hooker  (Flora  Bor.  Amer.  18)  ;  I'rescott  (Am. 
J.  Ph.  187!),  16")) ;  MoUcr  (Ph.  [8]  1-1,  467) ;  Moss 
(Ph.  [.-5]  641),  1!).  Cascara  SBgrada  has  been  long 
known  as  a  cathartic  to  the  Indians  and  trappers 
of  California  ;  but  it  has  only  recently  been  intro- 
duced into  American  and  European  medicine. 
Its  physiological  action  is  similar  to  the  other 
and  belter  known  lihainnus  Frangnla  (Linn.), 
but  the  Pitrshiana  is  the  more  esteemed.  Cf. 
Kennedy  (Am.  J.  Pharm.  ISSfl,  496). 

Prescott  lias  made  a  very  complete  proximate 
analysis  of  the  bark.  It  contains  ihrco  resins, 
which  nuiy  bo  separated  from  one  another  by 
solvents,  and  a  crystalline  compound,  together 
with  tannic  acid,  oxalic  acid,  malic  acid,  Ji.rcd 
oil,  volatile  oil,  tvax,  and  a  large  proportion  of 
starch.  The  crystalline  compound  melts  and 
tlien  sublimes  just  above  100^  According  to 
Limoisin  (,I.  Ph.  [5]  0,  80),  Cascara  sagiada  con- 
tains chrysophanic  acid,  and  the  resins  obtained 
Uy  Pre-scott  are  its  decomposition  products. 
Kmndin,  which  occurs  in  rhubarb  root  together  i 
with  a  glucoside,  yielding  chrysophanic  acid,  ' 


is  also,  according  to  Schwabe  (Ar.  Pli.  18S8, 
569),  a  constituent  of  Cascara  sagrada.  This 
couipoimd,  which  is  nearly  relatel  both  in  pro- 
perties and  constitution  to  chrysophanic  acid, 
is  of  a  darker  orange-red  colour  (i-.  KurBAitB), 
and  is  probably  the  '  frangulin '  of  Wenzell 
(Pharm.  Bundsch.  18S6,  79).  Emodin  is  also 
found  in  Bhamniis  Frarujula  bark  (Liebermann 
a.  Waldstein,  B.  9,  1775).  Casf-ara  sagrada  has 
been  further  examined  bv  Meier  and  Webber  (Ph. 
[3J  18,  so4(  and  Zeig  (Ph.  [3  20,  173).     A.  S. 

CASCARILLA  BARK.  The  bark  of  Croton 
Cascarilla,  or  C.  Elutcria,  or  '  seaside  balsam,' 
a  euphorbiaceous  tree  growing  in  tlie  West  Indies. 

Duval  obtained  from  it  a  substance,  casca- 
riUine  C|,JI,.,0„  wliich  Alessandri  (Ar.  Ph.  220, 
690)  also  isolated  by  extracting  the  bark  with 
oxahc  acid,  and  precipitating  the  extract  with 
ammonia.  This  substance  dissolves  in  hydro- 
chloric acid,  producing  a  rose-coloured  solution, 
which  changes  through  purplish-red,  violet,  and 
green  to  a  sky-blue  without  the  addition  of  water. 
Boehm  (P.  J.  T.  [3]  16,  366)  finds  in  addition  au 
alkaloid  closslv  allied  to  cholin. 

CASCARILLA  OIL  v.  Oils,  essential. 

CASEIN  r.  Albi-minoius. 

CASHEW  GUM  v.  Gcms. 

CASSAVA.  The  name  given  to  the  starch 
obtained  from  the  roots  of  several  species  of  the 
Manihot,  nat.  ord.  Eitphorbiacca.  Of  these 
the  most  important  is  Manihot  iitilissima,  a 
native  of  Central  America,  but  now  cultivated 
in  the  West  Indies,  Africa,  and  other  tropical 
countries,  yielding  bitter  cassava.  Other  species 
are  M.  Carthaginensis  and  M.  Aiiji,  from  which 
is  derived  sweet  cassava.  Gage,  the  Brazilian 
traveller  (1625),  mentions  the  cassava  tree ; 
whilst  Humboldt  found  it  to  be  in  cultivation 
in  South  America,  and  the  bread  made  of  it  to 
be  the  staple  food  of  the  natives.  The  plants 
grow  in  the  form  of  a  bush  to  a  height  of  live  or 
six  feet.  Tlie  tuberous  roots  form  clusters  of 
from  three  to  eight  in  number,  fourteen  or  fifteen 
inches  long,  four  to  five  inches  thick  ;  they  are 
large  and  ticshy,  and  sometimes  amount  to  thirty 
pounds'  weight  on  one  plant.  The  tubeis  of 
the  sweet  variety  are  eaten  when  roasted  or 
boiled. 

To  obtain  the  starch  the  root  is  ground  to 
a  pulp  and  pressed  in  bags.  The  residual  mass 
consists  of  a  mixture  of  albuminous  matter, 
vegetable  fibre,  and  farina,  which  is  employed 
in  making  cassava  bread,  whilst  the  expressed 
li(juor,  after  standing,  deposits  cassava  starch. 
Til  is  starch  is  exposed  to  the  heat  of  the  sun, 
and  forms  what  is  known  as  Brazilian  arrow- 
root or  tapioca  tlour.  It  is  from  cassava  starch 
that  the  article  commercially  known  as  tapioca 
is  inepared  by  stirring  it  whilst  in  a  damp  con- 
dition upon  hot  plates.  The  starch  granules  for 
the  most  part  burst  during  this  operation,  and 
a  number  of  eoaguhited  nodules  results,  in  which 
form  it  is  familiar  in  this  country  (r.  Tapioca). 
The  milky  juice  in  the  sweet  variety  is  innocuous, 
whilst  that  in  the  bitter  is  highly  poisonous, 
owing  to  the  presence  in  it  of  hydrocyanic  acid. 
Since,  however,  the  active  principle  is  volatile, 
it  is  easily  dissipated  by  heat ;  so  that  in  the 
case  of  the  bread  made  from  the  residue,  no 
deleterious  ellects  survive  the  cooking  of  the 
cakes. 
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,  Examined  under  the  microscope,  granules  of 
cassava  starch  show  one  rounded  and  one 
truncated  end ;  the  hihnn  is  distinct,  and  placed 
near  the  rounded  end.  They  vary  in  size  from 
•0003  to  -001  inch  in  length,  and  from  -0003  to 
•0008  in  breadth.  No  difference  appears  to  exist 
i:i  the  character  of  the  starch  of  bitter  and  sweet 
cassava  ;  and  in  its  chemical  aspect  it  in  no  way 
varies  from  other  starches. 

CASSEL  EAETH,  or  VANDYKE  BROWN,  v. 

PiGI.IENIS. 

CASSEL  YELLOV/.  OxychJoride  of  lead. 
A  pigment  also  known  as  Turner's  Yellow, 
Montpclier  Yellow,  Mineral  Yclloic,  and  Patent 
Yellow. 

CASSELMAN'S  GKEEN.  A  pigment  made 
by  mixing  boiling  solutions  of  copper  sulijhate 
and  an  alkaline  acetate. 

CASSIA.  The  bark  of  Cinnamomuni  cassia, 
a  tree  belonging  to  the  order  Lauraccie  or  true 
laurels.  It  is  grown  in  China,  Java,  &o.  C. 
Cassia  furnishes  a  bark  which  is  much  like  cin- 
namon [0.  eeylanicum),  but  thicker,  coarser, 
stronger,  less  delicate  in  flavour,  and  cheaper ; 
hence  it  is  frequently  used  to  adulterate  cinna- 
mon. The  bark  is  stripped  off  the  branches, 
when  it  rolls  up  in  the  form  of  quills.  It  is  said 
to  be  preferred  to  cinnamon  itself  by  some 
chocolate  makers  on  account  of  its  stronger 
flavour.  The  unopened  flower-buds  are  also  sold 
under  the  name  of  '  cassia-buds,'  and  possess 
similar  properties  to  the  bark.  Other  species  of 
the  genus  afford  aromatic  barks,  e.g.  C.  Culi- 
la  wan,  native  to  Amboyna,  the  bark  of  which  has 
a  flavour  of  cloves  ;  C.  inc7-s,a  native  of  Malabar, 
of  which  also  the  seeds  are  used  medicinally. 
The  bark  known  as  clove-cassia  is  obtained  from 
Dicijpellium  carijojjlnjllattun,  yfhich  is  also  a  tree 
of  the  laurel  family  growing  in  Brazil. 

The  employment  of  cassia  as  a  sophistieant 
of  the  more  esteemed  and  more  costly  bark  of 
cinnamon  when  in  the  ground  state  may  usually 
be  detected  by  adding  tincture  of  iodine  to  a 
decoction  of  the  powder;  when,  since  cassia  con- 
tains more  starch  than  cinnamon,  the  substance 
will  turn  blue  ;  but,  where  inferior  qualities  of 
the  true  cinnamon  have  been  examined,  their 
constitution  has  approached  that  of  the  coarser 
bark  of  cassia,  and  this  test  has  proved  un- 
certain. Cf.  0.  Hehner  (Analyst,  1879,  225-. 
228). 

Cassia  bark  is  thicker,  redder,  stronger  to  the 
taste  than  cinnamon.  The  powder  under  the 
microscope  exhibits  a  general  resemblance  to 
cinnamon,  but  it  will  be  seen  that  cassia  differs 
from  cinnamon  in  its  coarser  structure,  and 
especially  in  the  greater  size  and  number  of  its 
starch  corpuscles. 

Cassia  yields  by  distillation  an  essential  oil 
largely  used  in  perfumery,  especially  for  produc- 
ing the  scent  in  Brown  Windsor  soap  (v.  Oils, 

ESSENTIA!). 

CASSIA  OIL  V.  OlliS,  ESSENTIAL. 

CASSIA  TOKA  or  TAGEREY-VEREY.  This 
plant  produces  grains  known  in  the  East  Indies, 
Arabia,  and  Japan  as  Tora,  but  which  are  known 
in  Pondicherry  and  other  parts  of  Hindostan  as 
Tagercy-vercy.  It  is  regularly  used  as  a  com- 
ponent of  the  indigo  vat  in  dyeing,  apparently 
serving  the  same  purpose  as  the  bran-madder  or 
molasses  used  in  Europe. 


The  native  dyers  use  the  Tagercy-verey  in  the 
following  manner.  To  dye  about  200  yards  of 
cloth,  about  lljlbs.  of  the  grain  are  steeped  in 
from  5  to  6  gallons  of  cold  water,  and  then 
boiled  for  about  four  hours.  The  grains  are 
swollen  and  softened  by  this  treatment,  and  the 
water  becomes  thick  and  gummy.  The  whole  of 
th  is  is  added  to  the  indigo  vat,  and  allowed  to 
stand  for  fifteen  hours,  when  the  vat  is  ready  to 
dye. 

CASSITERITE.  Native  stannic  oxide  SnO, 
V.  Tin. 

CASSIUS,  PURPLE  OF,  v.  Gold. 

CASTILE  SOAP  v.  Si.af. 

CASTOR  or  CASTOREUM  (Bihcrgeil,  Ger.). 
A  name  given  to  a  secretion  of  the  beaver  (Castor 
fiber),  contained  in  pear-shaped  cellular  sacs 
(found  near  the  genital  organs  of  the  male  and 
female  animal),  which  are  cut  off  and  dried,  to 
prevent  the  skin  being  affected  by  water.  It  is 
a  substance  analogous  to  civet  and  musk,  and  is 
of  the  consistency  of  thick  honey  and  unctuous 
to  the  touch.  The  interior  substance  is  solid,  of 
a  dark  brown  or  black  colour.  It  has  a  faint  smell, 
softens  when  heated,  but  becomes  brittle  when 
cold.  When  chewed,  it  sticks  to  the  teeth  like 
wax.  It  has  a  bitter  acrid  taste,  and  a  freHid, 
penetrating  smell.  Its  fracture  is  shining,  and 
when  the  substance  is  genuine  it  shows  frag- 
ments of  membrane  indicating  organic  structure. 

Three  varieties  are  said  to  exist,  the  Kussian, 
Bavarian,  and  American  or  Canadian,  the  first- 
named  variety  containing  about  2  p.c.  of  the 
volatile  oil,  while  the  last  contains  only  1  p.c. 

Wohler  obtained  phenic  and  benzoic  acids 
and  salicine  from  it.  Lehmann  found  bile  in  a 
fresh  sample  together  with  alkaline  urates, 
sebates,and  an  albuminoidal  substance.  Laugier, 
Brandes,  Batka,  Bouillon,  Lagrange,  and  Hilde- 
brant  have  also  examined  it.  By  extracting  it 
with  G  times  its  weight  of  alcohol  a  colourless 
substance  castorin  has  been  isolated.  Used  in 
medicine  and  perfumery. 

CASTOREUM  RESIN  v.  Eesins. 

CASTORIN  V.  Resins. 

CASTOR  OIL  V.  Oils. 

CATECHIN  V.  Catechu. 

CATECHU.  This  product,  formerly  called 
Terra  japonica,  is  an  extract  pi'epared  by  boiling 
in  water  the  wood,  fruit,  and  leaves  of  certain 
plants  growing  in  India  and  other  Eastern  coun- 
tries. The  decoction  is  evaporated  to  a  syrup 
which  solidities  on  cooling,  and  forms  a  dark- 
brown  or  brownish-yellow  earthy  or  resin-like 
substance.  There  are  several  varieties  of  catechu 
or  cutch,  bearing  dift'erent  names  according  to 
the  country  or  plants  from  which  they  are 
obtained.  The  following  are  those  principally 
employed  bydyersand  tanners:  Bombay  catechu, 
Bengal  catechu,  and  Gambler  catechu. 

Bombay  catechu  is  p)repared  from  the  wood 
and  fruit  of  the  catechu  palm  Areca  catechu. 

Bengal  catechu  is  made  from  the  twigs 
and  unripe  pods  of  Mimosa  catechu. 

Tliese  two  varieties  are  similar  in  appearance, 
being  sold  in  the  form  of  large  blocks  of  a  dark 
brown  colour,  and  showing  a  more  or  less  lus- 
trous fracture.  They  are  imported  from  the 
East  Indies,  Java,  Singapore,  Pegu,  &c. 

Gambier  catechu,  also  called  Cubical  and 
Yellow  catechu,  is  obtained  from  the  leaves  of 
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the  shrub  TJncaria  gambler,  and  occurs  in  com- 
merce in  the  form  of  small  cubes.  It  is  of  a 
paler  and  yellower  colour  than  the  other  varie- 
ties, it  is  also  more  porous  and  exhibits  a  dull 
earthy  fracture.  It  is  imported  from  Batuvia, 
Singapore,  etc. 

Kiiio  or  Gum  Icino  is  also  a  variety  of  catechu, 
but  of  less  importance  than  the  foregoing.  It  is 
furnished  by  Butea  frondosa  and  Ptcrocarpus 
iiiarszipmm,  and  occurs  in  commerce  in  irregu- 
lar blocks  of  a  deep  reddish-brown  colour,  and 
showing  a  highly  lustrous  fracture.  In  Europe 
it  is  used  in  medicine  or  otherwise,  but  not  for 
dyeing.  All  the  above  products  have  a  strong 
astringent  taste,  are  more  or  less  soluble  in  cold 
water,  and  almost  completely  so  in  boiling 
water.  All  are  rich  in  tannin  matter,  their 
aqueous  solutions  giving  voluminous  precipi- 
tates with  gelatin  and  with  sulphuric  acid ;  with 
iron  salts  they  give  green  colourations.  Catechu 
is  sometimes  adulterated  with  sand,  clay,  blood, 
starch,  etc.  Good  catechu  should  not  contain 
more  than  5  p.c.  ash  or  more  than  12  p.c.  of 
matter  insoluble  in  boiling  alcohol. 

Catechu  is  mainly  composed  of  two  principles, 
Catechin  and  Catechu-tannic  acid,  toge- 
ther with  a  brown  amorphous  substance. 

Catechin,  the  most  important  constituent,  is 
best  prepared  from  Gambier  catechu  by  tirst  dis- 
solving out  the  catcchu-tannic  acid  with  cold 
water,  and  boiling  the  residue  with  water  and  j 
filtering  hot.  On  cooling,  crude  catechin  separates 
out.  It  is  purified  by  redissolving  in  hot  water, 
boiling  with  animal  charcoal  to  decolourise  it,  ! 
filtering  hot  and  allowing  to  cool,  these  opera- 
tions being  rei^eated  several  times.  It  may  also 
be  purified  by  fractionally  precipitating  the  hot 
solution  with  lead  acetate.  The  last  formed 
white  precipitate  is  washed  with  water,  and 
freed  from  lead  by  means  of  hydrogen  sulphide ; 
the  residue  is  dissolved  in  boiling  water  and 
filtered  hot.  On  cooling,  pure  catechin  separates 
out.  Etti's  method  of  purification  is  to  dissolve 
the  crude  catechin  in  dilute  alcohol,  filter,  and 
remove  thccaicchin  from  the  filtrate  by  shaking 
up  with  ether;  after  distilling  off  the  ether,  the 
residue  is  dissolved  in  water  and  left  to  crystal- 
lise. The  deep-red  alcoholic  solution,  which 
remains  after  the  removal  of  the  catechin  by 
ether,  deposits  on  evaporating  and  cooling  a  red 
IJrecipitate  of  Catechin-rcd. 

Pure  catechin  is  a  white  crystalline  powder 
composed  of  minute  silky  needles.  It  melts  at 
217^C.  and  decomposes  at  higher  temperatures, 
producing  pyrocatechin  and  protocatcchuic  acid. 
It  is  only  very  slightly  soluble  in  cold  water, 
but  readily  so  in  boiling  water,  alcohol,  and  ' 
ether,  Its  aqueous  solution  is  neutral  to  litmus;  | 
it  gives  a  dark  chrome-green  precipitate  with 
ferric  chloride,  or,  if  sodium  acetate  be  present, 
an  indigo-blue  colouration  instead.  When  dis- 
Bolved  in  alkaline  carbonates  the  solution 
rapidly  absorbs  oxygen  and  becomes  dark  red ; 
by  addition  of  an  acid,  a  dark-red  amorphous 
precipitate  is  produced  of  so-called  nibinic  acid, 
a  very  unstable  substance.  If  caustic  alkalis 
were  the  solvents  employed,  a  dark-brown,  almost 
black,  compound  named  japonic  acid  is  pre- 
cipitated under  similar  conditions.  Even  aque- 
ous solutions  of  catocliin  slowly  undergo  the 
same  alteration  by  mere  exposure  to  air,  or  it 


may  be  at  once  effected  by  boiling  witli  bichro- 
mate of  potash.  This  property  of  catechin,  ot 
readily  yielding,  when  submitted  to  oxidation, 
brown  insoluble  matters,  forms  the  basis  of  the 
application  of  catechu  in  dyeing  and  piinting. 

When  catechin  is  fused  with  potassium  hy- 
drate it  is  decomposed,  forming  protocatcchuic 
acid  and  phloroglucin.  This  reaction,  together 
with  the  composition  of  the  anhydrides  of  cate- 
chin, leads  Etti  to  consider  that  it  contains  the 
residues  of  2  mols.  phloroglucin  and  of  1  mol.  of  a 
hypothetical  tetraliydrogenised  protocatcchuic 

acid,  thus :  C,H,(0H),<;^°2^'  g^|[]j^|-,  its  em- 
pirical formula  being  C,,,H,^Os.  In  a  later  pub- 
lication (Monatsch.  f.  Chem.  2,  517-5.57)  Etti 
changes  this  formula  to  CijH.^iO,,,  and  considers 
the  body  referred  to  as  having  been  a  methyl 
derivative  of  catechin,  to  which  latter  he  now 
gives  the  formula  Ci^H.^Os.  When  catechin  is 
heatod  to  110°C.  with  dilute  sulphuric  acid,  it 
yields  along  with  a  red  anhydride  large  quanti- 
ties of  pyrocatechin  and  phloroglucin,  bodies 
which  are  also  obtained  by  careful  treatment  of 
catechin  with  melting  caustic  potash.  Etti 
therefore  finally  considers  catechin  to  be  derived 
from  1  nicl.  pyrocatechin  and  2  mols.  phloro- 
glucin. The  constitution  and  even  the  compo- 
sition of  catechin  cannot,  however,  be  regarded 
as  definitely  settled.  Very  numerous  formuliB 
indeed  have  been  assigned  to  catechin  by  different 
chemists,  the  discrepancies  being  due,  according 
to  Etti,  to  the  different  mode  of  drying  adopted 
by. the  several  experimenters,  since  catechin  by 
heating  or  even  standing  over  sulphuric  acid 
loses  not  only  water  of  crystallisation  but  a  fur- 
ther quantity  whereby  it  yields  various  anhy- 
drides. Liebermann  and  Tauchcrt  consider 
catechin  as  crystallised  from  water  to  have  the 
formula  C_,|Hj|0,,-f- 5H  XI,  coniirining  it  by  the 
analyses  of  diacetyl-,  dichloracetyl-,  and  mono- 
bromacctyl-catechin,  all  of  which  are  crystalline 
compounds.  When  catechin  is  boiled  \vith 
dilute  sulphuric  acid  without  access  of  air,  or 
with  alcohol  containing  hydrochloric  acid,  it  is 
decomposed  ami  yields  a  brown  amorphous  sub- 
stance, called  cahxititniin,  which  according  to 
Et'.i  is  identical  with  the  tetra-anhydridc  of 
catechin  (2C,„II„0,-4H,0)  obtained  by  heating 
catechin  for  half  a  day  with  concentrated  hydro- 
chloric acid  in  a  sealed  tube  at  1()0°-180°C.  In 
cold  dilute  mineral  acids  catechin  dissolves 
without  alteration,  strong  acids,  however,  de- 
compose it.  Treated  with  concentrated  sulphuric 
acid  it  gives  a  deep  purple  liquid.  With  con- 
centrated nitric  acid  it  yields  a  substance 
analogous  to  picric  acid.  With  solutions  of 
gelatin,  tartar  emetic,  and  starch,  catechin  gives 
no  precipitate.  An  alcoholic  solution  of  catechin 
diluted  with  water  reacts  with  a  solution  of 
diazobenzene  chloride,  giving  a  reddish-brown 
crystalline  precipitate  (Etti)  (Weselsky). 

Calcchii-tannic  acid  forms  that  portion  of 
catechu  which  is  soluble  in  cold  water.  Accord- 
ing to  Loewe  it  may  bo  prepared  in  the  pure 
state  by  boiling  pulverised  catechu  with  water 
and  allowing  the  decoction  to  stand  for  several 
days.  The  precipitated  catechin  is  filtered  off, 
and  the  filtrate  is  ovaiiovated  to  dryness  ;  the 
residue  is  dissolved  in  alcohol  and  filtered,  and 
any  lime  present  in  the  filtrate  is  removed  by 
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stilpliuric  acid  ;  excess  of  tlie  latter  is  then  re- 
moved by  lead  carbonate,  and  a  subsequent 
treatment  with  hydrogen  sulphide  removes  any 
lead  in  solution.  After  precipitating  various 
resinous  matters  with  ether,  the  filtered  solu- 
tion is  evaporated  to  dryness  and  the  residue 
is  dissolved  in  water.  The  solution  is  agitated 
with  ether  to  remove  traces  of  catechin,  and  on 
evaporation  leaves  pure  catechu-tannic  acid. 
According  to  Stenhouse  and  Groves  the  most 
convenient  process  for  making  pure  catechin 
and  catechu-tannic  acid  is  the  one  founded  upon 
the  solubihty  of  the  former  and  the  insolubility 
of  the  latter  in  dry  ether. 

According  to  Etti  catechu-tannic  acid  is 
identical  witii  the  'inono-anJiy drill e  of  catechin 
(•2C|,,H|^0„  — H.O),  and  with  Calcchin  red,  and 
may  bo  prepared  by  drying  catechin  for  several 
days  in  a  vacuum  over  sulphuric  acid,  and  after- 
wards heating  in  an  air  bath  to  127'C.  It  is 
also  produced  rapidly  by  boiling  a  sodium  car- 
bonate solution  of  catechin.  Etti  has  prepared 
a  dianhydrido  by  boiling  the  mono-anhydride 
with  dilute  sulphuric  acid,  also  a  irianhijdride 
by  a  similar  treatment  of  catechin. 

Catec-.hu-tannic  acid  is  readily  soluble  in 
water,  and  in  alcohol,  but  not  in  dry  ether.  Its 
aqueous  solution  is  precipitated  by  gelatin,  and 
with  tartar  emetic.  Ferric  salts  produce  a 
greyish-green  precipitate.  With  alkalis  it  fornrs 
soluble  salts  whose  solutions  ra^jidly  oxidise  on 
exposure  to  air  and  assume  a  reddish  colour. 
It  does  not  yield  glucose  on  boiling  with  dilute 
sulphuric  acid,  and  diliers,  therefore,  in  this  re- 
spect from  the  tannic  acid  of  gall-nuts.  Catechu 
may  contain  from  about  35  to  55  p.c.  of  catechu- 
tannic  acid  according  to  its  source. 

Dyers  utilise  the  colouring  properties  of  both 
catechu-tannic  acid  and  catechin,  whilst  the 
calico-printer  recjuires  chiefly  the  catechin. 
Catechu  is  chiefly  employed  in  colton-dyeing 
for  the  production  of  browns,  the  cotton  is  im- 
pregnated with  a  decoction  of  catechu,  and  then 
passed  through  a  boiling  solution  of  bichromate 
of  potash.  Catechu  is  also  employed  for  colouriirg 
and  rendering  less  liable  to  rotting  fishing-nets 
nnrl  sails:  it  is  also  used  for  tanning  and  as  an 
asr.rincent  in  medicine. 

Litemlun'.—Gnihonrt  (J.  Th.  [3]  11,24,  2G0, 
.SCO  -  12,37,183,207).  Delffs  (J.  pr.  Ph.  12, 102). 
Nenbauer  (A.  96,  837).  Nees  and  Seubeck  (A.  1, 
313).  Zwenger  (A.  37,  320).  Hagen  (A.  37,  33G). 
Van  Delben  *  Kraut  (A.  128,  28.5).  Hlasiwetz 
and  Malin  (A.  134, 118).  Schiitnenberger  and  Hack 
(J-il.  [2]  4,  5).  Stenhouse  (Pr.  11,  401).  Saco 
(A.  'JG,  337  ;  C.  E.  53,  1102).  Gautier  (Bl.  28, 
1  17;  30,  5G7  ;  C.  K.  85,  342).  Liebermann  and 
Tauchert  (B.  13,  6!)4).  Etti  (A.  180,  327  ;  B.  14, 
22GG  ;  Bl.  [2],  24,  119  ;  Loewe,  J.  pr.  105,  32,  75  ; 

[2],  5,  538).  Applications  (Bl.  Ind.  Mulhousc, 
12,  354,  373;  13,  291;  14,  180,  197;  22,  311; 
34,  310  ;  D.  P.  J.  2,  No.  1,  1815).        J.  J.  H. 

CATHARTIC  ACID  v.  Senn.v  leaves. 

CATHAETIN  v.  Senna  leaves. 

CATHARTOGENIC  ACID  v.  Senna  leaves. 

CATHARTOMANNITE  v.  Senna  leaves. 

CAT'S-EYE,  AFRICAj*!,  v.  Cuocidolite. 

CilYENNE  PEPPEE  v.  Resins. 

CEDAR  OIL  V.  Oils,  essential. 

CEDAR  CAMPHOR  v.  Cauphoes. 
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CEDRA.  Ci'drat,  Fr.  The  fruit  of  a  species 
of  orange,  citron,  or  lemon.  The  peel  is  very 
thick,  covered  with  an  epidermis  containing  a 
fragrant  essential  oil,  used  for  flavouring  pre- 
serves, also  used  whole  for  wet  comtits,  and  cut 
in  quarters  for  dry  comfits.  A  liqueur  is  made 
from  it  by  gathering  the  fruit  before  it  is  ripe, 
and  grating  the  peel  into  brandy. 

CELESTINE  or  CELESTITE  ;  native  Stron- 
tium  sulphate  (v.  Strontiusi). 

CELLULOID  is  an  intimate  mechanical  mix- 
ture of  jiyroxylin  (gun-cotton  or  collodion-cot- 
ton) with  camphor,  first  made  by  Hyatt,  of 
Newark,  U.S.,  and  obtained  by  adding  the  pyr- 
oxylin to  melted  camphor,  or  by  strongly  com- 
jjressing  the  two  substances  together,  or  by 
dissolving  the  constituents  in  an  appropriate 
solvent,  e.g.  alcohol  or  ether,  and  evaporating  to 
dryness.  A  combination  of  the  two  latter 
methods,  i.e.  partial  solution  with  pressure,  is 
now  usually  adopted. 

The  pyroxylin  employed  is  genei'ally  the 
tetra-  and  penta-  nitrated  cellulose 

C,,H,„.(NO,),0,„  and  C,,H„(NO,),0,„, 
the  hexanitrate  (gun-cotton)  being  but  seldom 
used  on  account  of  its  explosive  properties.  Care 
is  taken  to  prevent  the  formation  of  the  hyper- 
nitrate  by  immersing  the  cellulose  in  only  mode- 
rately strong  nitric  acid,  or  in  a  warm  mixture  of 
nitric  and  sulphuric  acids.  Thin  paper,  either 
in  small  ijieces  or  in  sheets,  is  immersed  for 
about  twenty  minutes  in  a  mixture  of  2  parts  of 
nitric  acid  and  5  parts  of  sulphuric  acid,  at  a 
temperature  of  about  30°,  after  which  the  nitrated 
cellulose  is  thoroughly  washed  with  water  to 
remove  the  last  traces  of  free  acid,  pressed,  and, 
whilst  still  moist,  mixed  with  the  camphor. 

In  the  process  of  Tribouillet  and  De  Besancele 
the  cellulose,  which  may  be  in  the  form  of 
pajier,  cotton,  linen,  &o.,  is  twice  nitrated — first 
in  the  acid  mixture  emplojed  in  a  previous 
operation,  and  secondly  in  a  fresh  mixture  of  3 
2)arts  sulphuric  acid,  of  1-83  sp.gr.,  and  2  parts 
concentrated  nitric  acid  containing  nitrous  acid. 
After  each  nitration  the  mass  is  subjected  to 
pressure  and  is  then  carefully  washed  with 
water,  to  which,  at  the  last,  a  small  quantity  of 
ammonia  or  caustic  soda  is  added  to  remove  the 
final  traces  of  acid. 

The  impregnation  of  the  pyroxylin  with  the 
camphor  is  effected  in  a  variety  of  ways.  The 
usual  proportion  of  the  constituents  is  2  parts 
pyroxylin  and  1  part  camphor.  In  Tribouillet 
and  De  Besanct'le's  process  100  parts  of  iiyroxylin 
are  intimately  mixed  with  from  40  to  50  parts 
camphor,  and  moulded  together  by  strong  pres- 
sure in  a  hot  press,  and  thereafter  dried  by 
exposure  to  air  desiccated  by  calcium  chloride  or 
sulphuric  acid.  The  usual  method,  however,  is 
to  dissolve  the  camphor  in  the  least  possible 
quantity  of  alcohol  and  sprinkle  the  solution 
over  the  dry  pyroxylin,  wliich  is  then  covered 
with  a  second  layer  of  pyroxylin,  and  the  whole 
again  treated  with  the  camphor  solution,  the 
addition  of  pyroxylin  and  camphor  solution 
being  repeated  alternately  until  the  requisite 
amount  of  celluloid  mixture  is  obtained.  The 
mass  which  sinks  together  in  transparent  lumps 
I  is  worked  for  about  an  hour  between  cold  iron 
rollers,  and  then  for  the  same  period  between 
rollers  which  can  be  gently  heated  by  steam. 
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The  layer  of  celluloid  surrouncling  the  rollers  ' 
is  then  cut  away  anil  again  pressed,  the  resulting 
cake,  which  is  now  about  1  cm.  thick,  being  cut 
into  plates  of  about  70  cm.  long,  and  30  cm. 
broad ;  these  are  placed  one  above  the  other 
and  strongly  pressed  together  by  hydraulic  pres- 
sure at  a  temperature  of  about  70°  for  twenty- 
four  hours.  The  thick  cakes  are  once  more  cut 
into  plates  of  the  desired  thickness,  and  placed 
in  a  chamber  heated  to  .'50'-40"  for  eight  to  four- 
teen days,  whereby  they  become  thoroughly  dried 
and  are  ready  to  be  fashioned  into  various  ar- 
ticles either  by  being  moulded  whilst  warm 
under  pressure,  or  by  being  cut  or  turned.  Occa- 
sionally other  liquids,  e.g.  ether  and  wood-spirit, 
are  used  in  place  of  alcohol  as  solvents  for  the 
camphor. 

Celluloid  may  be  readily  coloured  by  means 
of  various  pigments,  used  either  in  solution  or 
in  suspension,  and  added  to  the  mixture  of 
pyroxylin  and  camphor  before  it  is  subjected  to 
pressure.  'Marbled'  celluloid  is  made  by; 
jjressing  plates  of  the  differently  coloured  ma- 
terial together.  Imitation  tortoise-shell,  used 
largely  for  the  mauutacture  of  combs,  &c.,  is 
made  by  squeezing  together  plates  of  transparent 
yellow  celluloid,  with  similar  plates  coloured 
with  various  shades  of  brown,  &c. 

Celluloid  is  highly  inflammable,  but  non-ex- 
l^losive  even  under  pressure ;  hence  it  may  be 
worked  under  the  hammer  or  between  rollers 
without  risk.  It  softens  in  boiling  water,  and 
may  then  be  readily  moulded  or  pressed  into 
various  forms.  Its  specific  gravity  varies  slightly 
with  its  composition  and  vnth  the  degree  of 
pressure  to  which  it  has  been  subjected :  it  is 
usually  about  1'35.  It  appears  to  be  merely  a 
mixture  of  its  components,  since  by  treatment 
with  appropriate  solvents  the  camphor  may  be 
readily  extracted,  and  on  heating  the  pyroxylin 
burns  away  whilst  the  camphor  volatilises.  On 
account  of  its  hardness  and  elasticity,  and  the 
ease  with  which  it  may  be  worked,  polished,  and 
coloured,  celluloid  is  extensively  used  as  a  sub- 
stitute for  horn  and  ivory  in  the  manufacture  of 
knife-handles  and  combs,  and  for  imitating  am- 
ber, tortoise-shell,  coral,  malachite,  etc. ;  v.  Bdck- 
mann.  Das  Celluloid,  Leipzig,  ISSO  (D.  P.  .7. 
23."),  203  ;  230,  (52  ;  W.  .T.  1878,  ll(i2  ;  1881,  <)li)). 

CELLULOSE,  considered  physiologically,  is 
the  main  product  of  vegetable  life.  It  is  the 
preponderating  constituent  of  all  vegetable  tis- 
sues, and  essential  to  the  cell  as  the  structural 
unit.  For  while  the  synthcsising  activity  of  the 
cell  is  identified  with  its  protoplasmic  contents, 
its  main  function  is  the  building  up  of  non- 
nitrogenous  substances,  of  which  cellulose  is  the 
chief ;  elaboration  of  cellulose,  in  fact,  is  synony- 
mous with  growth. 

By  cellulose  we  understand  the  residue  from 
the  exhaustive  alternate  treatment  of  vegetable 
tissues  with  alkaline  solvents  and  weak  oxidants. 
No  cellulose  is  isolated  on  the  large  scale  except 
as  the  result  of  a  chemical  treatment,  more  or 
less  drastic,  of  the  fibrous  raw  materials  ;  and  all 
that  wo  know  of  cellulose  as  a  chemical  indi- 
vidual results  from  the  study  of  products  so 
obtained.  The  typical  cellulose  is  the  substance 
of  bleached  cotton,  the  bleaching  process,  such 
as  above  described,  removing  the  substances  other 
than  cellulose  with  which  it  is  associated  in  the 


plant.  So  obtained  it  is  a  white  substance, 
translucent  when  viewed  under  the  microscope, 
but  more  or  less  opaque  in  the  mass.  Tliis 
appearance  is  a  consequence  of  the  peculiar 
form  of  the  cotton  fibre,  a  flattened  thin-walled 
tube,  the  tibrilljT;  of  which  are  tnembranously 
disposed.  The  reactions  of  cellulose  are  few.  One 
of  these  may  be  mentioned  here  as  being  avail- 
able for  its  identification,  viz.,  its  property  of 
giving  a  blue  reaction  with  iodine  solution  in 
presence  of  or  after  treatment  with  dehydrating 
agents.  The  sp.gr.  of  cotton  cellulose  is  1-45. 
Its  empirical  composition  corresponds  to  the 
formula  7i(C.,H,„0j).  by  which,  together  with 
its  constitutional  relationships,  it  comes  to  be 
included  in  the  group  of  the  carbohydrates. 

Cellulose  contains  mineral  constituents, 
which  remain  as  an  ash  after  burning  away  the 
'organic'  portion.  This  ash  usually  takes  the 
form  of  a  complete  skeleton,  preserving  the 
structural  features  of  the  original  fibre.  Though 
;  small  in  amount  (0-1-0-2  %  of  the  cotton), 
it  is  not  to  be  regarded  as  an  impurity,  nor  its 
presence  as  accidental.  We  shall  not  have 
occasion,  however,  to  mention  the  mineral  con- 
stituents of  fibres  otherwise  than  incidentally  and 
in  the  aggregate,  and  in  speaking  of  the  fibre 
constituents  we  shall  regard  only  the  '  organic  ' 
components. 

Another  inorganic  constituent,  essential  to 
the  fibre  under  ordinary  atmospheric  conditions, 
is  its  hygroscopic  moisture  or  tcater  of  condition. 
The  quantity  usually  present  in  cotton  is  G-7  p.c, 
varying  necessarily  with  the  temperature  and 
the  dew  point.  Tiiere  are  many  considerations 
which  lead  us  to  regard  this  water  as  '  water  of 
hydration.' 

Cellulose  is  a  ty])ical  colloid,  and  when  fully 
hydrated  takes  a  gelatinous  form  in  which  it  is 
indistinguishable  from  other  members  of  the 
group,  e.g.  silica  and  alumina.  With  the  ino- 
cess  of  life  there  is  a  gradual  and  molecular  dehy- 
dration of  the  tissues,  and  a  progress  from  the 
gelatinous  and  '  amorphous  '  condition  to  the 
specialised  forms  of  maturity.  Dehydration  of 
a  vegetable  tissue  by  exposure  (after  isolation) 
to  air,  but  more  especially  by  contact  with  alco- 
hol, confers  in  a  measure  tl\e  properties  which 
distinguish  the  fully  elaborated  celluloses.  And 
rice  ver.sd,  the  rehydration  of  these  celluloses 
by  artificial  means  may  be  regarded  as,  in  a 
limited  sense,  the  reversal  of  the  process  of 
growth.  On  another  view  it  is  sullicient'y  evi- 
dent that  the  commerce  in  water  which  is  so 
prominent  a  feature  and  condition  of  plant  life 
depends  U]ion  a  bond  of  union  much  stronger 
than  surface  adhesion,  in  other  words  upon 
molecular  attraction,  and  the  relationsliips  which 
subsist  between  plant  and  soil,  upon  the  capa- 
city for  an  indefinitely  wide  range  of  hydration 
changes  whicli  characterise  their  colloid  con- 
stituents. 

These  theoretical  considerations  prepare  the 
way  for  a  brief  account  of  the  action  of  hydro- 
lytic  and  dehydrating  agents  upon  our  typical 
cellulose. 

Ammonio-copper  reagent  (Schweitzer's  Re- 
agent).'   A  solution  of  cupric  hydrate  in  strong 

'  Altliough  tins  rengrcnt  is  known  under  tlie  name  of 
Sclnvoitzer,  its  notion  iippeiir.i  to  li  ive  been  first  studied 
by  Joliu  Mercer  (Lite  of  Joliii  Mcreer,  London,  18S6), 
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ammonia,  prepared  in  any  convenient  way  so  as 
to  contain  no  saline  impurities,  has  a  very  re- 
markable action  on  cellulose.  In  contact  with 
ii  the  fibre  gelatinises,  and  finally  disappears  in 
complete  solution.  From  this  solution  various 
neutral  precipitants,  such  as  salts  of  the  alkali 
metals,  precipitate  a  blue,  gelatinous,  hydrated 
compound  of  copper  oxide  and  cellulose ;  the 
coiubination,  however,  is  easily  resolved  by 
washing  with  weak  ammonia  or  by  dilute  acids. 
By  dilution  of  the  viscous  solution  the  cellu- 
lose is  precipitated  ;  the  precipitation,  however, 
requires  some  days  for  its  completion.  It  has 
been  concluded  from  the  effect  of  simply  diluting 
that  the  cellulose  is  not  actually  dissolved  in  the 
solution,  but  an  investigation  of  its  osuioLic 
properties  proved  the  contrary  (Cramer). 

Acids  precipitate  the  cellulose  at  the  same 
time  that  they  redissolve  the  copper  oxide  ;  the 
precipitate  has  the  appearance  of  the  gelatinous 
hydrate  of  alumina,  and  dries,  similarly,  to  a 
hard  horny  mass.  The  precipitation  of  the 
cellulose  by  acids  is  complete  ;  we  may  therefore 
conclude  that  its  solution  by  the  reagent  is 
unattended  by  molecular  transformations.  Other 
celluloses,  unlike  that  of  cotton,  are  only  incom- 
pletely reprecipitated,  a  portion  remaining  dis- 
solved as  a  hydrated  modification  ;  from  this  we 
infer  for  them  a  different  molecular  aggregation. 
On  adding  lead  acetate  to  the  solution  of  cellu- 
lose in  the  amnionio-copper  reagent  a  precipitate 
is  obtained  of  a  compound  of  cellulose  with  lead 
oxide,  but  in  variable  proportions.  The  com- 
pound (C,H|„O..PbO)  is  formed  by  the  action  of 
lead  oxide  on  the  above  solution. 

We  are  not  aware  that  any  explanation  of 
the  solvent  action  of  this  reagent  has  been  at- 
tempted. We  can  only  assume  that  the  action 
of  either  constituent  is  specific.  The  aldehydic 
constitution  of  cellulose  (infra)  would  account 
for  the  part  played  by  the  ammonia;  that  of 
the  cupric  hydrate  is  probably  due  to  some  par- 
ticular relationship  of  its  molecular  weight  in 
solution  to  that  of  the  cellulose  or  cellulose 
hydrate  formed.  In  confirmation  of  this  view 
we  may  cite  in  anticipation  the  intensification  of 
tlie  hydrating  action  of  solutions  of  caustic 
soda  which  results  from  the  addition  of  hydrated 
zinc  oxide. 

Technical  application  :  '  WillcsJcn  '  paper. — 
When  the  solution  in  question  is  evaporated  to 
dryness  a  gummy  amorplious  mass  is  obtained 
containing  the  cellulose  intermixed  with  copper 
oxide.  On  the  other  hand,  when  the  ammo- 
niacal  solution  of  copper  oxide  is  evaporated  on 
the  surface  of  paper,  calico,  d'c,  after  merely 
dipping  in  the  solution,  a  green  varnish-like 
compound  of  cellulose  and  copper  oxide  is  left, 
coating  the  surface  of  each  fibre,  welding  and 
cementing  them  together.  This  compound,  in 
addition  to  having  antiseptic  properties,  commu- 
nicates water-resisting  properties  to  the  fabrics 
so  t.-eated.  Two  classes  of  these  '  Willesden  ' 
!;oods  are  manufactured  :  (1)  Rope  cordage  and 
netting  are  dipped  in  the  solution  and  after- 
wards dried,  the  effect  being  a  superficial  con- 
veision  into  the  cupro-cellulose  compound  ;  (2) 
canvas,  'scrim,'  and  paper,  which  are  treated  in 
the  reel,  being  wound  from  one  roller  on  to 
another,  through  the  cupramnionia  solution 
uud  over  drying  cylinders.    Of  the  paper  two 


kinds  are  made,  welded  and  unwelded.  In  the 
former  two  or  more  sheets,  or  welts,  are  rolled 
together,  after  being  superficially  gelatinised  by 
the  solution,  into  one  compact  homogeneous 
slieet.  The  product  is  a  fabric  of  great  dura- 
bility, being  scarcely  affected  by  water  even  when 
heated  in  it  for  some  weeks  at  a  pressure  of 
GO  lbs.  per  square  inch  {S.  C.  I.  1884,  p.  121). 

The  action  of  the  reagent  above  described  is 
rather  one  of  hydration  than  of  hydrolysis,  and 
the  action  of  solutions  of  the  caustic  alkalis 
(potash  and  soda)  may  also  be  generally  so 
described.  Cotton  cellulose  is  less  susceptible 
to  attack  by  these  reagents  than  other  forms  of 
cellulose  similarly  obtained  from  the  raw  fibrous 
substances  (viz;,  by  treatment  with  either  chlor- 
ine or  bromine  in  presence  of  water  and  dis- 
solving out  the  products  of  the  reaction  with 
boiling  dilute  alkaline  solutions,  or  by  processes 
strictly  comparable  with  this,  such  as  those 
employed  by  the  textile  bleacher  and  paper 
maker).  While  these  solutions  are  practically 
without  action  on  cotton  cellulose  through  a 
wide  range  of  temperature,  the  celluloses  from 
Khea,  jute.  Esparto,  and  even  fiax  (bleached 
linen)  are  attacked  and  slowly  converted  into 
soluble  i^roducts  by  boiling  with  dilute  alkaline 
solutions.  If  this  is  true  with  the  isolated 
celluloses  it  is  d  fortiori  the  case  with  the 
celluloses  under  the  process  of  separation  from 
comlunation  ;  and  when  higher  temperatures 
are  employed,  as  in  the  pressure  boilings  of  the 
papermaker  and  textile  bleacher,  the  extent  of 
the  conversion,  i.e.  loss  of  weight,  may  be  con- 
siderable. Other  attendant  results  are  also  note- 
worthy. The  drying  of  the  fibres  or  fabrics 
after  the  processes  of  purification  are  complete 
must  not  be  regarded  as  a  mere  desiccation. 
Those  which  are  susceptible  of  this  action  of 
the  alkalis  give  evidence  of  the  alteration  sus- 
tained, by  hardening  of  the  fibres  when  quickly 
dried;  when  the  hydration  has  been  considerable 
the  contiguous  fibres  are  agglutinated  into  wiry 
strands.  A  regulated  dehydration  by  alcohol,  or 
gradual  drying,  will  be  found  to  obviate  the  latter 
I'esult.  These  considerations  are  of  importance 
in  their  application  to  the  '  finishing  processes  ' 
which  textile  fabrics  undergo  after  bleaching, 
and  to  the  behaviour  of  paper  jiulps  when  dried 
on  the  machine.  The  greater  bulk  of  cotton 
goods  is  dried  by  the  direct  application  of  heat 
by  passing  them  over  heated  drums.  Linens,  on 
the  other  hand,  are  stretched  on  frames  in  a 
loft,  in  which  a  medium  temperature  (25*^)  is 
maintained,  and  are  pulled  out  by  hand  across 
the  weft  during  the  whole  time  of  drying.  Also 
m  the  after-processes  of  beetling  &c.  the  cloth  is 
most  carefully  '  conditioned  '  by  suitable  applica- 
tion of  water  or  exposure  to  the  atmosphere. 
The  highest  qualities  of  papers  also,  instead  of 
being  rapidly  dried  on  hot  drums,  are  dried  at 
only  sliglitly  elevated  temperatures  by  passage 
of  the  web  over  a  long  series  of  hollow  drums 
made  of  wire  gauze,  in  the  centre  of  which  fans 
revolve  in  a  direction  contrary  to  that  of  t'le 
motion  of  the  paper ;  or  by  the  still  more 
gradual  jirocess  of  exposure,  in  the  form  of 
sheets,  to  the  ordinary  atmospheric  tempera- 
ture (loft-dricd  paper).  Another  important 
point  in  connection  with  the  '  conditioning '  of 
paper  is  the  alteration  of  tensions  on  damping 
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the  sheet,  as  in  the  onlinary  process  of  printing, 
IJroducing  in  many  cases  the  well  known  effect 
of  '  cockling.'  Papers  made  from  certain  pulps, 
e.g.  '  sulphite  cellulose  '  (from  wood),  cannot  be 
printed  except  by  the  dry  process.' 

The  action  of  concentrated  solutions  of  the 
alkalis  at  oi'dinary  temperatures  was  first  studied 
by  Mci'cer.  On  treatment  with  solutions  of 
caustic  soda  of  sp.gr.  l-23-l'28  at  the  ordinary 
temperature,  the  cotton  fibre  undergoes  a  re- 
markable change ;  it  swells,  shrinks  in  length, 
and  becomes  transparent.  The  effect  on  cotton 
cloth  may  be  described  in  ^Mercer's  own  words : 
'  I  sfiottcd  bleached  cambric  with  single  drops 
of  caustic  soda  solution  (1'3  sp.gr.),  and  noticed 
that  the  central  portion  of  each  drop  became 
semi-transparent  and  contracted  ;  around  this 
was  a  rim  neither  semi-transparent  nor  con- 
tracted, which  evidently  contained  but  little 
soda.'  Many  interesting  particulars  of  these 
phenomena  and  suggestions  of  technical  apjjlica- 
tions  will  be  found  in  the  Life  of  Mercer  already 
cited;  also  in  his  specification  of  the  patent  in 
which  he  claimed  the  application  of  the  results, 
and  in  the  investigations  of  Crum  (C.  J.  18G3) 
of  the  comparative  properties  and  microscopic 
features  of  ordinary  and  mercerised  cotton.  We 
can  only  deal  here  with  their  more  essential 
features.  The  linear  contraction  in  the  case  of 
cloth  is  about  25  p.c. ;  the  increase  of  strength 
(measured  by  the  breaking  strain  on  isolated 
threads)  is  about  50  p.c.  After  the  treatment 
the  cotton  shows  an  increase  of  weight  of  5 
p.c,  due  entirely  to  excess  of  hygroscopic 
moisture  over  that  of  the  untreated  cotton.  Ex- 
perimental evidence  shows  that  the  action  of 
the  alkali  is  the  result  of  its  combination  with 
the  cellulose,  in  the  molecular  proportion,  ac- 
cording to  Mercer,  C|.Ji„,|0|„Na_,0,  the  combina- 
tion being  resolved  on  wasliing  the  fibre,  water 
taking  the  place  of  soda  to  form  the  correspond- 
ing hydrate  C,  ,H^oO|„ILO ;  the  percentage  in- 
crease calculated  for  this  degree  of  hydration 
being  5'5  p.c.  This  water  of  hydration,  though 
easily  expelled  on  heating,  is  reabsorbed  on  ex- 
posure to  the  atmosphere.  This  fact  confirms 
the  view  already  advanced  as  to  the  '  mole- 
cular '  character  of  the  '  hygroscopic  moisture  ' 
of  celluloses.  The  'mercerised'  cotton,  when 
exhaustively  treated  with  alcohol  for  the  removal 
of  the  excess  of  alkali,  still  retains  a  proportion 
of  the  latter  corresponding  to  the  formula 
2C|jH„„0,„.Na_.0  (Gladstone).  The  compound  is 
easily  decomposed  by  water  and  by  carbonic 
acid. 

These  reactions  of  cellulose  with  the  caustic 
alkalis  vary  considerably  with  the  tempera- 
ture of  the  solution,  the  variations  being 
the  inverse  of  those  which  are  usual  in  che- 
mical reactions,  the  effect  being  retarded  by  in- 
crease of  temperature.  Willi  solutions  of  the 
strength  above  indicated  the  ordinary  atmo- 
spheric temperature  is  most  favourable.  Weaker 
solutions,  on  the  other  hand,  which  are  without 
action  at  this  temperature,  may  be  rendered 

'  Tlio  stronirtli,  ns  tlcterniiiicd  liy  tlie  broiikiiig  strain, 
of  ,1  iiaiior  is  fiirtlicr  known  to  show  cousidei-ab  c  varia- 
tions with  variations  in  its  hydroscopic  colulitions,  ami 
tliproforc  In  tlio  liygromctric  state  of  tlie  air,  a  furtlior 
cviili'nco  that  tlic  relationships  of  cellulose  to  water  arc 
niolecnlar  (vide  Bcports  of  the  PaiiiernrUfuues-Austalt, 
Uerliu). 


active  by  cooling.  Mercer  found  tliat  the  greatest 
effect  was  obtained  upon  paper  by  inmiersion  in 
a  solution  prepared  by  mixing  caustic  soda  solu- 
tion of  1-35  sp.gr.  with  70  p.c.  of  its  weight  of 
snow  or  ice,  the  temperature  of  the  mixture 
being  below  O'F.  It  is  remarkable  that  the 
addition  of  certain  hydrated  oxides  soluble  in 
caustic  soda,  such  as  the  oxide  of  zinc,  also  in- 
creases the  activity  of  the  alkali.  Thus  a  solu-. 
tion  of  I'l  sp.gr.,  which  has  no  sensible  action 
on  cellulose,  becomes  active  when  zinc  oxide  is. 
dissolved  in  it  in  the  molecular  proportion  of 
1:4. 

This  remarkable  modification  of  the  cellu- 
loses resulting  from  the  action  of  the  alkalis 
has  not  received  the  wide  technical  application 
which  it  appeared  at  the  time  of  its  discovery 
to  promise,  not  only  by  reason  of  the  properties 
already  noticed,  but  in  '  the  greatly  augmented 
and  improved  powers  of  receiving  colours  in 
printing  and  dyeing '  (Mercer,  I.e.).  The  only 
applications  of  mercerised  cotton  which  are  at 
all  noteworthy  are  in  the  preparation  of  piece 
goods  for  turkey-red  dyeing  and  in  the  manu- 
facture of  calico-printer's  blankets  for  machine 
printing. 

The  action  of  chloride  of  zinc  in  strong 
aqueous  solution  is  similar  to  that  of  the  caustic 
alkalis,  and  was  included  by  Mercer  in  the  patent 
specification  above  cited.  The  action  of  dilute 
sulphuric  acid  we  find  also  included,  and  the 
changes  which  it  and  the  other  mineral  acids 
determine  must  also  te  considered  as  changes 
of  hydration,  but  in  many  respects  they  are 
dilTerent,  and  in  some  cases  opposite,  in  charac- 
ter and  effect. 

Sulphuric  acid  at  sufficient  dilution  (sp.pr. 
1*35),  nitric  acid  of  sp.gr.  1'3,  and  concentrated 
hydrochloric  acid,  gradually  disinlegiate  cellu- 
lose fibres  at  ordinary  temperatures ;  the  first 
action,  on  the  other  hand,  is  a  toughening,  ac- 
companied by  linear  shrinkage.  This  action  is 
applied  in  the  laboratory  for  toughening  filtered 
papers  which  are  to  be  exposed  to  any  consider- 
able strain.  The  most  convenient  reagent  is 
nitric  acid  (sp.gr.  l-ii),  the  action  of  which  is 
almost  instantaneous  (Francis,  C.  J.  18S5,  183). 
Cellulose  exposed  to  cold  concentrated  hydro- 
chloric acid  is  converted  in  part  into  soluble 
derivatives,  but  the  greater  proportion  into  a 
friable  modification  resembling  the  original 
cellulose  in  all  other  essential  features.  This 
product  was  investigated  by  tHrard  (C.  11.  81, 
1,105),  and  termed  by  him  '  hydrocellulose,'  '  in- 
dicating that,  it  is  a  hydrated  derivative.  The 
conclusions  of  Girard,  however,  appear  to  be 
doubtful,  the  evidence  rather  favouring  the  view 
that  it  is  a  dehydrated  or  condensed  derivative, 
differing,  however,  but  insensibly  in  empirical 
composition  from  the  original  cellulose  (S.  C.  I. 
4,  7). 

A  similar  disintegration  results  from  the  ex- 
posure of  cellulose  to  high  temperatures.  This 
has  been  the  subject  of  special  investigation  by 
Scheurer  and(>rossetcsle  (B.  Mulliouse,  1883,  ()2), 
who  found  that  the  fibre  is  unaltered  by  pro- 
longed exposure  to  temperatures  below  and 
uj)  to  150'^;  but  at  a  few  degrees  above  tliis 
point  a  very  rapid  disintegration  occurs,  shown 

'  Altered  by  Witz  to  h;,  dracc'.Iulose. 
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by  the  loss  of  strengtli  of  fabrics  so  exposed. 
The  action,  moicover,  was  unintiuenced  by  im- 
iiiei'sing  the  fabrics  in  water,  and  heating,  of 
course  in  closed  vessels,  to  the  same  tempera- 
ture (150°-1G0°).  Oxygen,  therefore,  plays  no 
essential  part  in  the  effect,  and  the  point  arrived 
at  may  be  defined  simply  as  the  critical  de- 
hydration temperature  of  cellulose.  The  action 
is  much  accelerated  and  intensified  by  the  pre- 
sence of  acids,  even  in  minute  quantity,  the 
disintegration  taking  place  at  much  lower  tem- 
perature (Crace-Calvert :  quoted  in  Crookes' 
'  Calico-printing  ').' 

We  have  already  treated  of  the  action  of 
suljihuric  acid  upon  cellulose  at  such  strengths 
that  the  changes  determined  are  those  of  de- 
hydration. At  higher  degrees  of  concentration 
the  acid  exerts  a  direct  specific  action,  in  fact 
combination  takes  place  and  the  products  are 
acid-ethers  or  sulpltatcs.  The  reaction  between 
the  cellulose  and  acid  molecules  has  been 
exhaustively  studied  by  Honig  and  Schubert 
(Monatsh.  C,  7 ;  Watts'  Dictionary,  new  ed., 
article  Cellulose).  The  formation  of  the  sul- 
jjhates  is  attended  by  resolution.  On  de- 
composing them  either  by  treatment  witli  water 
or  alcohol,  the  corresponding  carbohydrate  mole- 
cules are  regenerated,  and  these  are  seen  to  be 
more  and  more  removed  in  character  from  cel- 
lulose, and  more  to  approach  the  dextrins,  the 
longer  the  action  of  the  sulphuric  acid  and  the 
higher  its  temperature  (50  to  40^)  in  the  first 
instance.  Wlien  the  action  proceeds  for  a  few 
seconds  only  and  is  then  arrested,  at  the  same 
time  that  the  sulphate  is  decomposed,  by  treat- 
ment with  water,  a  cellulose  hydrate  is  precipi- 
tated, which  might  be  described  as  a  starchy 
modification  of  cellulose,  or  by  the  term  amyloid 
applied  by  the  earlier  observers  to  the  product. 
When  the  action  is  prolonged  for  some  minutes, 
the  carbohydrates  similarly  regenerated  are 
soluble  compounds  forming,  as  already  indicated, 
a  transition  series  to  the  dextrins. 

TccJinical  applications. — We  have  to  notice 
two  industrial  processes  founded  upon  the  re- 
action above  described.  Unsized  papers,  con- 
sisting of  pure  bleached  cellulose  (cotton),  when 
plunged  into  sulphuric  acid  of  sp.gr.  1'5  and 
rapidly  and  completely  washed,  are  converted 
into  what  is  known  as  piarcluncnt.  paper,  a  term 
which  fitly  describes  the  modification  undergone 
by  the  paper  substance,  its  chief  external  features 
being  a  considerable  increase  in  toughness, 
transpai'ency,  and  water-resisting  power;  the  at- 
tendant results  ai'e  a  considerable  linear  shrink- 
age (20 p. c),  and  a  small  loss  in  weight,  due  to  con- 
version of  a  portion  of  the  cellulose  into  soluble 
derivatives.  The  result  may  be  summed  up  as  a 
superficial  conversion  of  the  fibre  into  amyloid. 
The  operations  of  plunging  the  paper  into  the 
acid  and  washing  are  now  carried  out  upon  suit- 
able continuous  machinery — i.e.,  the  paper  is 
treated  in  the  web. 

A  second  industrial  process,  based  on  the  rc- 

'  A.  pmelicfil  application  ol  tlie^e  acid  Jisintpgrations  is 
tlif  process  through  wliicli  wool  (and  wool  fabii  ;s)  are  put 
lor  freeing  tliem  Irom  the  vegetable  substances  which  find 
tlu-ir  \v:iy  into  the  fleece.  After  scouring,  the  wool  is 
iiiiniersed  in  a  highly  dilute  su'phurio  acid,  tlie  excess  of 
so  ntinn  removed,  and  the  wool  then  dried  in  a  hot 
chiiinber.  The  vegetable  snb  tanees  are  disintegrated,  and 
are  tlieu  easily  dusted  out. 


action  between  cellulose  and  sul])huric  acid,  ig 
its  conversion  into  glucose.  Bleached  cellulose 
is  dissolved  in  the  strong  acid,  the  viscous  solu- 
tion is  diluted  and  boiled,  the  sulphuric  acid  is 
then  removed  by  precipitation  and  the  solution 
evaporated.    The  product  is  'glucose.' 

We  have  spoken  of  the  reaction  of  the  cellu- 
lose with  sulphuric  acid,  in  the  first  instance, 
as  one  of  direct  combination,  with  the  formation 
of  a  sulphate  and  with  elimination  of  water. 
Cellulose  also  combines  with  nitric  acid  to  form 
the  very  remarkable  series  of  cellulose  nitrates, 
or  iiyroxylins,  the  highest  members  of  which 
constitute  the  gun-cottons  ;  but  in  this  case  the 
combination  is  usually  brought  about  by  in- 
direct means,  viz.,  by  the  action  of  mixtures  of 
nitric  and  sulphuric  acids.  For  although  the 
combination  is  direct  in  the  case  of  the  acid  of 
the  highest  concentration,  the  action  is  difficult 
to  control,  and  the  acid  is  diluted  by  the  water 
formed  and  its  action  proportionately  limited ; 
the  function  of  the  sulphuric  acid  in  the  mix- 
tures employed  is  to  combine  with  this  water 
and  remove  it  from  the  sphere  of  action. 

Thus  far  we  have  dealt  with  such  compounds 
of  cellulose  (hydrates  and  ethereal  salts)  as  have 
the  simplest  relationships  thereto.  We  have 
dealt  mainly  with  the  typical  cotton  cellulose 
and  have  alluded  only  incidentally  to  the  points 
of  contrast  of  this  with  other  celluloses.  These 
differences  are  chiefly  seen  in  their  susceptibility 
to  attack  by  hydrolytic  agents,  the  action  of 
which  we  may  now  briefly  consider.  Hydrolysis 
differs  from  hydration,  as  the  term  indicates,  in 
involving  a  molecular  resolution  as  the  result  of 
combination  with  water.  It  is  true  that,  in  cer- 
tain of  the  hydrations  already  dealt  with,  there 
is  a  sijlitting  up  of  the  original  substance  ;  thus, 
in  acidifying  the  solution  of  jute  cellulose  in 
the  amnionio-copper  reagent,  a  portion  remains 
dissolved  in  the  acid  solution,  whereas  cotton 
cellulose  is  entirely  reprecipitated.  But  there  is 
no  distinction  in  essential  chemical  features  be- 
tween the  soluble  and  insoluble  portions.  We  have 
to  do  with  a  soluble  hydrated  cellulose,  just  as 
we  have  soluble  forms  of  alumina,  ferric  oxide, 
and  silica.  Contrast  this,  on  the  other  hand, 
with  the  resolution  by  boiling  with  the  dilute 
mineral  acids  of  the  cellulose  isolated  from  fresh 
grass.  Here  a  considerable  proportion  of  the 
aldehyde  furfural  is  split  off  from  the  cellulose, 
and  the  result  is  a  hydrolysis  in  the  strict  sense 
of  the  term. 

The  hydrolytic  agents  of  the  laboratory  are, 
as  is  well  known,  the  dilute  acids  and  alkaline 
solutions,  and  their  action  is  powerfully  aided  by 
high  temperature.  The  reagent  may  or  may 
not  combine  as  a  secondary  result  with  one  or 
more  of  the  products  of  the  hydrolysis.  Thus 
the  fats— glycerin  ethers  of  the  fatty  acids — are 
similarly  resolved  under  acid  and  alkaline  hy- 
drolysis :  the  products  are  glycerine  and  fatty 
a -id,  when  an  alkali  is  employed  it  combines 
with  the  latter  to  form  a  soap.  Hence  the  term 
saponification,  and  its  generalisation  in  the 
language  of  science  to  include  all  such  resolu- 
tions whatever  the  agent  employed.  Speaking 
generally,  the  celluloses  isolated  from  mature 
plants  are  not  susceptible  of  hydrolysis  in  the 
sense  of  saponification.  Those,  on  the  other 
band,  which  are  isolated  from  actively  growing 
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plants,  are  hydroljpetl  by  boiling  with  dilute 
aeiils,  and  the  characteristic  product  of  the  re- 
solution is  furfural.  Towards  alkaline  solutions 
at  high  temperatures,  the  fully  elaborated  cellu- 
loses show  a  very  considerable  power  of  resist- 
ance, and  when  attacked  they  are  rather 
hydrated  and  dissolved  than  hydrolysed  and 
resolved.  This  resistance  to  the  action  of  the 
alkalis,  which  is  an  aspect  of  the  characteristic 
inertness  of  the  group,  is  an  important  factor  of 
their  relative  values  in  the  arts,  as  we  sliall  pre- 
sently see.  It  will  be  seen  to  be  implied  in  the 
empirical  definition  of  cellulose  given  at  the 
commencement  of  this  article.  We  shall  find, 
however,  that  when  to  hydrolysing  conditions 
that  of  oxidation  is  added,  cellulose  is  attacked 
and  structurally  modified,  more  or  less  pro- 
foundly, according  to  the  degree  of  action.  Such 
oxidations  are  of  great  importance  technically ; 
more  particularly  those  of  which  the  products 
are  so  related  to  the  original  cellulose  that  they 
may  be  regarded  as  derivatives. 

Oxycellulose  (Witz,  Bl.  S.  I.  Eouen,  10,416- 
11,189).  When  cotton  is  subjected  to  the  action 
of  a  solution  of  bleaching  powder  with  access  of 
{i\r— e.g.,  when  a  piece  of  bleached  calico  is 
moistened  with  the  solution  and  exposed  to  the 
air,  the  oxidation  causes  a  notable  change  in 
the  composition  of  the  fibre  substance,  and  this 
is  accompanied  by  disintegration  more  or  less 
profound  according  to  the  degree  of  oxidation. 
The  following  percentage  numbers  indicate  the 
composition  of  the  resulting  oxidised  derivatives 
of  cellulose  and  the  rate  of  progress  of  the 
oxidation  : 

12  hours'  exposure  22  linurs'  exposure 

C  4a-78  43-47  .  .  43  00  42-;)0 
H  5-8.5  G-13  .  .  G-28  (i-18 
O  50-17  50  40  .  .  50-72  50-i)2 
Other  oxidising  agents  produce  similar  re- 
sults: thus  the  frequent  'tendering'  of  cotton 
goods  in  the  process  of  open  lime  boiling  {v. 
Blhaciiing)  has  been  shown  by  Witz  to  be  a 
local  conversion  into  oxycellulose  due  to  the 
action  of  the  air  jointly  with  the  alkaline  solu- 
tion ;  '  active  oxygen  '  in  presence  of  water  has 
a  similar  and  rapid  action,  and  even  by  exposure 
to  air  and  light,  cellulose  is  slowly  converted 
into  these  oxidised  derivatives.  The  distinguish- 
ing features  of  these  compounds  are  as  follows. 
They  are  coloured  bright  yellow  by  solutions  of 
the  caustic  alkalis.  On  adding  cupric  oxide 
(Fehling's  solution)  and  warming,  the  oxide  is 
rapidly  reduced  and  is  deposited  upon  the  fibre 
in  such  a  way  as  to  produce  the  cITect  of  an 
orange-red  dye.  The  oxycelluloses  have  a  power- 
ful attraction  for  the  basic  colouring  matters, 
and  this  property  enables  us  to  diagnose  very  ex- 
actly the  condition  of  oxidation  of  the  substance 
(cellulose)  of  textile  fabrics,  as  also  to  detect 
any  excessive  local  oxidations.  Another  feature 
of  the  oxycelluloses  is  that  they  are  proof  against 
the  action  of  all  known  reducing  agents.  These 
are  important  points  for  the  bleacher  to  bear  in 
mind  ;  niore  particularly  perhaps,  in  regard  to 
fal)rics  intended  for  dyeing,  since  excessive  local 
action  of  the  bleaching  agent,  even  where  it  does 
not  reach  the  point  of  tendering  the  fabric  per- 
manently, modifies  the  dyeing  capacity  of  the 
fibre.  The  cotton  dyer  has  tl\e  not  uncommon 
experience  of  stained  goods ;  the  stains  not  visible 


in  the  bleached  cloth,  but  '  tuniing  np  '  during 
the  dyeing  of  the  goods.  The  reappearance  of 
such  'stains'  after  discharging  and  redyeing 
is  evidence  that  the  cloth  is  in  those  places 
over-oxidised,  and  therefore,  as  it  were,  perma- 
nently mordanted. 

Another  remarkable  property  of  these  deri- 
vatives according  to  Witz  (I.e.)  is  their  attrac- 
tion for  vanadium  compounds,  which  are  with- 
drawn by  the  oxycellulose  from  aqueous  solu- 
j  tions  containing  so  microscopic  a  proportion  as 
i.ooo.oDo.ooo.oob^^  °^  element  (in  the  form  of 
chloride). 

B.  oxycdhilosc. — Another  oxidation,  tcchni- 
'  cally  perhaps  less  interesting,  but  also  throwing 
light  on  these  problems  of  the  constitution  of 
i  cellulose,  is  that  produced  by  dilute  nitric  acid 
at  or  near  the  boiling  point.  On  digesting 
[  cotton  with  the  acid  of  sp.gr.  1-2-1-3  at  this  tem- 
perature, a  considerable  quantity  of  oxalic  acid 
is  formed,  and  after  prolonged  digestion  a  resi- 
due remains  amounting  to  about  30  p.c.  in 
weight  of  the  original  iibre,  which  yields  but 
very  slowly  to  the  action  of  the  acid.  This 
substance,  when  thrown  upon  a  (ilterand  washed, 
combines  with  the  water  to  form  a  gelatinous 
hydrate.  It  dissolves  in  dilute  alkalis,  but  with- 
l  out  forming  a  stable  compound  with  the  base. 
I  Its  elementary  composition  is  expressed  by  the 
formula  C„H,p,.,(C  43-4-H  5-3  p.c).  Treated 
with  a  mixture  of  concentrated  sulphuric  and 
nitric  acids,  it  dissolves,  and  on  pouring  the 
solution  into  water  the  compound  C^H  -.(XO,)/!,, 
separates  as  a  white  Hoc-culent  precipitate.  These 
oxycelluloses,  distinguished  from  the  preceding 
group  by  the  prefix  fi,  stand,  in  regard  to  many 
of  their  properties  in  very  close  relationship  to  the 
group  of  pectic  derivatives,  which  are  oxidised 
derivatives  of  cellulose  formed  by  'natural' 
processes  {v.  C.  S.  J.  1883,  22). 

The  actions  of  other  oxidising  agents  upon 
cellulose  have  been  but  little  studied.  Cliroiuic 
and  chloric  acids  were  employed  by  Witz  as 
topical  oxidants,  forming  oxycellulose,  and  pro- 
ducing designs  which  could  be  developed  by 
dyeing  out  in  a  bath  of  any  basic  colouring 
matter.  Such  a  process,  however,  although 
ingenious  and  a  striking  illustration  of  the  re- 
sults of  his  researclies,  has  not  led  to  any 
technical  development,  the  colours  produced 
lacking  fastness.  The  oxidising  mixtures  em- 
ployed in  aniline-black  printing,  also  convert 
the  cellulose  into  oxycellulose,  and  the  simul- 
taneous oxidation  of  fibre  and  colour-base  is  no 
doubt  a  factor  of  the  exceptional  fastness  of 
the  black.  The  oxidising  action  of  ferric  com- 
pounds in  presence  of  light  is  also  worthy  of 
mention,  as  it  received  at  the  bands  of  Mercer 
an  interesting  application  to  the  production  of 
photographic  pictures  upon  cellulose  fabrics. 

Contrasted  with  these  oxidations  of  cellulose 
in  acid  or  feebly  basic  solutions  are  those  of 
alkaline  solutions  of  the  permanganates  and 
hyponlilorites,  which  have  been  found  to  yield 
as  oxv'ation  products  acid  bodies  isolated  in 
the  form  of  a  syrup,  their  properties  indicating 
that  they  are  products  of  the  hydrolysis  accom- 
panying the  oxidation  :  i.e.  acids  of  the  carbohy- 
drate series  of  lower  molecular  weight  than 
cellulose. 


CELLULOSE. 


455 


Anhydrous  oxidations.— Ce\\.vAose  heated  at 
high  temperatures  with  very  concentrated  sohi- 
tions  of  potash  (which  may  be  considered  as 
an  anhydrous  action)  is  converted  into  oxahc 
and  carbonic  acids.  Such  a  process  has  been 
employed  industrially  for  the  production  of 
oxalic  acid  (Dale).  Treated  with  chromic  anhy- 
dride in  presence  of  concentrated  sulphuric  acid 
it  is  entirely  resolved  into  gaseous  products,  viz. 
carbonic  anhydride  with  a  variab'e  small  pro- 
portion of  carbonic  oxide.  The  resolution  being 
complete,  a  process  for  the  ultimate  analysis 
of  cellulosic  substances  has  been  based  upon 
this  decomposition.  The  volume  of  the  evolved 
gas  being  measui'ed,  the  proportions  of  carbon 
may  be  calculated  therefrom,  the  quantity  in 
unit  volume  being  independent  of  its  composi- 
tion in  regard  to  CO.,  and  CO,  since  these  gases 
have  the  same  volume  (C.  N.  52,  207  ;  C.  J.  53, 
889). 

Constitution  of  ffZ/»/ose.— Although  this 
aspect  of  our  subject  involves  purely  scientific 
considerations,  it  cannot  be  said  to  be  without 
practical  bearings.  Without  attempting  to  dis- 
cuss experimental  evidence,  we  may  define  it  as 
a  saccharocolloid  (v.  Kohlenhydrate,  B.  Tollens), 
ii(C,.H|,|05),  of  which  the  typical  constitutional 
unit  or  C^  group  might  be  formulated  as  under :  — 


ClI    CHOH    CH    CIIOII    CHOII  CU., 


an  expi'ession  wdiich  fairly  generalises  the  re- 
actions of  cellulose. 

Physiology  of  the  compound  celluloses. 
(Vegetable  fibres.)  While  the  simplest  form  of 
vegetable  life  is  the  cell,  and  the  cell  is,  more- 
over, the  universal  originating  unit,  we  observe 
as  we  ascend  the  scale  of  plant  organisation  an 
increasing  variety  of  differentiations  of  this  sim- 
plest structural  unit  graduating  into  the  fibres 
and  vessels  of  the  stems  of  the  higher  Howering 
plants.  Careful  observation  will  show  that  it  is 
to  the  presence  of  such  elongated  cells  as  war- 
rant the  designation  '  fibre  '  that  these  stems 
mainly  owe  their  powers  of  bearing  strains  and  re- 
sisting fracture.  The  uses  to  which  these  fibres 
are  put  in  the  arts  obviously  depend  upon  the  same 
characteristics  of  form,  as  well,  of  course,  as  the 
nature  of  the  fibre  substance.  So  too  the  ana- 
tomy of  fibrous  stems  is  necessarily  a  main 
factor  of  the  processes  by  which  they  are  treated 
for  the  isolation  of  the  fibres.  We  must  here 
except  from  the  general  anatomical  view  we  are 
about  to  take  the  most  important  of  the  vege- 
table fibres,  viz.  cotton,  which  as  a  seed  hair 
is  distinct  physiologically,  and  differs  structu- 
rally from  all  other  fibres  employed  for  textile 
purposes. 

The  '  ultimate '  fibi'e  is  a  hollow  tube,  the 
walls  being  thin  and  membranous  ;  it  is  attached 
at  one  end  to  the  testa  of  the  seed,  the  other 
being  free,  and  there  is  no  adhesion  of  the  fibres 
to  one  anotlier.  The  preparation  of  the  textile 
fibre  involves  therefore  only  a  mechanical  treat- 
ment, and  that  of  the  simplest  kind,  for  separa- 
ting it  from  the  seeds.  The  other  vegetable 
fibres  em^  loyed  in  the  arts  are  without  exception 


constituents  of  complex  structures  (stems  and 
leaves)  which  require  a  more  elaborate  mechani- 
cal operation  for  their  separation,  in  addition 
in  many  cases  to  a  preparatory  chemical  treat- 
ment. 

The  fibres  of  stems  are  arranged  according 
to  the  two  main  structural  types  of  growth, 
the  exogenous  and  endogenous.  In  the  exogen- 
ous stem  of  annuals  (dicotyledonous)  they  con- 
stitute a  localised  tissue,  the  bast,  which  is  an 
annular  ring  external  to  the  wood  and  beneath 
the  cortex.  In  the  endogenous  stem  the  fibres 
proper  (bast  fibres)  are  generally  aggregated  to- 
gether with  vessels  into  bundles  known  as  fibro- 
vascular  bundles,  which  are  scattered  more  or 
less  irregularly  throughout  the  cellular  matrix. 

In  regard  to  the  leaf,  the  two  great  divisions 
of  the  phanerogams  are  also  contrasted ;  the 
tibro-vascular  bundles  of  the  former  are  not  only 
irregularly  disposed,  but  interlaced  (reticulate 
venation),  whereas  the  leaves  of  the  typical 
monocotyledon  are  characterised  by  a  parallel 
arrangement  of  the  bundles,  and  fulfil,  therefore, 
a  necessary  condition  of  separation  for  tex- 
tile purposes.  Fibres  of  this  class  are  amongst 
the  most  useful  that  we  have.  There  is  a  dis- 
tinction to  be  noticed,  though  rather  of  a  techni- 
cal than  anatomical  nature,  between  the  vege- 
table fibres  and  '  fibrous  substances.'  By  the 
former  we  understand  isolated  bast  fibres  or 
libro-vascular  bundles,  such  as  can  be  spun  into 
a  continuous  length  or  yarn.  A  fibrous  substance 
is  of  course  any  vegetable  structure  containing 
fibres.  Many  of  these  do  not  admit  of  being 
economically  treated  for  the  isolation  of  a  textile 
fibre,  but  on  the  other  hand  arc  resolved  by 
suitable  chemical  treatment  into  a  fibrous  mass 
or  puip,  available  for  paper  making.  Many  of 
our  most  valuable  raw  materials  for  this  indus- 
try are  of  this  nature.  We  may  further  dis- 
tinguish according  to  the  above  classification, 
(1)  exogenous  bast  tissues,  such  as  those  of  the 
Adansonia  and  Broussonetia  (paper  mulberry) 
and  entire  stems  (woods),  and  (2)  endogenous 
stems  (straws  and  bamboo),  and  leaves  (esparto). 
In  this  more  miscellaneous  group  also  we  should 
include  the  refuse  from  the  i^reparation  of  textile 
fibres,  such  as  tlie  root  ends  of  jute  (butts),  the 
waste  from  the  flax  scutching  process  (infra),  &c. 

We  have  already  excepted  the  cotton  fibre 
from  the  above  classification,  indicating  a  struc- 
tural as  well  as  a  physiological  distinction  from 
other  textile  fibres.  These  are  in  fact  always 
obtained  and  spun  in  the  form  not  of  ultimate 
fibres  but  of  bundles  of  these.  The  ultimate 
bast  fibre  is  also  a  hollow  tube,  but  more  or  less 
thick  walled  and  with  tapering  extremities ;  in 
section  it  is  seen  to  be  cylindrical  or  polygonal. 
The  dimensions  are  remarkably  uniform  for  the 
bast  of  any  given  plant  or  species,  but  exhibit 
wide  variations  from  species  to  species.  Thus 
the  average  length  of  tlie  bast  cell  of  jute  is 
3  mm.,  and  of  flax  28  mm.  The  textile  '  fibres  ' 
are  aggregates  of  these  ultimate  fibres,  and  it  is 
convenient  to  employ  for  them  the  special  desig- 
nation of  filament.  This  complex  spinning  unit 
varies  in  the  number  and  degree  of  cohesion  of 
the  constituent  fibres.  These  variations  even 
in  the  same  plant  or  species  are  very  consider- 
able, but  more  so  as  we  pass  from  species  to 
species.    Expressed  in  another  way  the  textile 
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libres  vai-y  vci-y  much  in  regard  to  fineness  and 
ili  visibility  of  the  filaments.  Tliesc,  it  is  scarcely 
iit'cossary  to  say,  determine  in  a  very  important 
sense  tlicir  spinning  qualities.  The  nature  of 
the  fibre  substance  is  a  self-evident  factor  of  the 
mechanical  properties  of  the  filaments;  and 
lastly,  though  less  obviously,  the  length  of  the 
ultimate  fibre,  which  greatly  infiuences  the 
strength  and  durability  of  the  yarn. 

To  the  spinner  the  chemical  composition 
and  properties  of  the  fibre  substance  may  appear 
of  altogether  secondary  importance ;  but  they 
are  obviously  of  first  importance  in  regard  to 
the  application  of  the  yarn,  as  of  the  goods 
woven  from  it.  Supposing  them  put  into  use 
without  further  preparation,  the  durability  of 
the  fabrics  will  depend  upon  their  resisting  the 
disintegrating  action  of  air  (oxygen)  and  water, 
reinforced  by  heat  and  light.  But  a  large  pro- 
portion of  the  textile  fabrics  of  commerce  are 
supplied  to  the  consumer  in  the  bleached  state, 
the  iJi'ocess  of  bleaching  consisting  in  the  re- 
moval by  a  more  or  less  drastic  treatment  with 
reagents  of  those  fibre  constituents  to  which  the 
colour  of  the  raw  material  is  due.  These  pro- 
cesses being  the  subject  of  a  special  article,  we 
shall  not  require  to  deal  with  them  at  all  in 
detail.  The  principles  underlying  them,  how- 
ever, have  a  close  and  obvious  connection  with 
the  properties  of  cellulose,  and  the  relationships 
subsisting  between  the  cellulose  of  the  vegetable 
fibres  and  the  non-cellulose  constituents  with 
which  each  is  associated  in  the  plant,  and  from 
this  point  of  view  we  proceed  to  give  a  short 
account  of  the 

Chemistry  of  the  compound  celluloses. — 
There  are  many  reasons  for  regarding  cellulose 
and  the  non-cellulose  constituents  of  vegetable 
tissues  and  fibre  substances  as  united  chemi- 
cally. Taking  cellulose  as  the  constant,  the 
basis  of  our  classification  of  the  compound  cel- 
luloses will  be  the  nature  of  the  non-cellulose, 
the  characteristics  of  which  are  as  distinct  as 
they  are  general  (Sachsse,  Farbstolle,  Ac,  p.  143). 
Physiologists  recognise  three  '  modifications ' 
of  cellulose  in  the  plant,  and  these  we  terra 
compound  celluloses.  We  shall  find  the  distin- 
guishing chemical  features  of  the  three  groups 
of  compound  celluloses  as  well  marked  as  their 
functional  correlations,  and  the  corresponding 
classification  has  a  '  natural '  in  addition  to  its 
chemical  significance.  We  shall  consider  first 
the  group  which  is  of  least,  because  of  only 
incidental,  imjiortance  in  relation  to  our  subject. 

Adipocelluloses.  The  protective  tissues  of 
plants,  which  are,  moreover,  cellular  rather  than 
fibrous,  viz.,  cork  and  cuticle,  are  composed  of 
a  substance  of  marked  watcr-rosisting  charac- 
teristics. In  this  property  as  well  as  in  empirical 
composition  the  culicular  substance  designated 
culose  by  Fremy  resembles  many  of  the  waxes. 
The  following  percentage  numbers  arc  the  results 
of  the  analysis  of  the  cuticle  of  the  apple  puri- 
fied front  wax  and  adventitious  matters— C  73-G() ; 
H  ll-:!7;  O  li;i7. 

Cork  is  not  a  simple  substance  but  contains 
ft  number  of  products,  wax,  protoid  residues, 
and  tannins,  itc,  associated  with  the. matrix  or 
skeleton  svibslanco,  which  is  of  the  nature  of 
cutose.  Both  cutose  and  cork  yield  a  residue  of 
cellulose  when  treated  with  special  reagents 


'  (sulphites)  for  the  resolution  of  its  union  with 
the  wax-like  nou-cellulose.  The  latter '  is  re- 
solved by  boiling  with  strong  solutions  of  the 
alkalis  into  two  fatty  acids,  a  solid  acid  designated 
stearocutic  and  a  liquid  called  oleocutic  acid. 
The  investigation  of  these  cuticular  substances 
has  not  been  sufficiently  extended  to  warrant 

I  our  entering  into  further  detail  in  regard  to  their 
composition  and  properties.    We  may  regard 

]  them  as  coniijound  celluloses  resolved  by  alkaline 
saponification  into  cellulose  and  a  mixture  of 
fatty  acids  of  peculiar  properties,  but  altogether 
unknown  constitution.  They  may  be  conve- 
niently grouped  under  the  term  adijiocrUidosc!, 

[  which  broadly  expresses  their  chemical  relation- 
ship. As  regards  their  distribution,  they  occur 
chiefly  in  the  epidermal  and  cortical  tissues  of 
leaves  and  stems,  but  the  observations  of  Fremy 
lead  to  the  conclusion  that  they  are  by  no  means 
confined  to  these,  and  there  is  evidence  of  their 
presence,  if  only  in  minute  proportions,  in  the 
fibres  themselves  ;  but  their  occurrence,  chemi- 
cally speaking,  may  be  regarded  as  adven- 
titious, the  fibre  substances  belonging  to 
essentially  different  classes  of  compounds. 
These  adipocelluloses,  moreover,  in  all  the 
technical  applications  of  vegetable  materials 
which  come  within  the  province  of  this  article, 
have  to  be  got  rid  of.  When  the  fibres  them- 
selves are  isolated  this  is  accomplished  for  the 
most  part  by  the  mechanical  processes  of  pre- 
paration, scutching,  hackling,  etc.  When,  how- 
ever, the  tissue  intervening  between  the  fibres 
and  the  cortex  or  epidermis  is  of  small  extent 
the  separation  is  never  complete.  In  flax,  for 
instance,  residues  of  the  epidermal  tissue  remain 
associated  with  the  fibre,  and  the  relative  dilli- 
culty  of  attacking  these  substances  by  chemical 
means  is  a  factor  of  the  laborious  process  of 
bleaching  linen  goods.  In  isolating  the  so- 
called  New  Zealand  flax  much  greater  diUiculty 
is  experienced.  This  fibre  consists  of  the  fibro- 
vascular  and  other  fibre-bundles  of  the  sword- 
shaped  leaf  of  the  Phonnium  tenax,  and  these 
are  in  such  close  and  intimate  contact  with  the 
epidermal  tissues  that  their  isolation  is  always 
very  incomplete.  In  those  raw  materials  of  the 
paper-maker  which  consist  of  the  stems  and 
leaves  of  monocotyledons  (straw  and  esparto), 
the  epidermal  adipocelluloses  constitute  a  sen- 
sible proportion.  They  are  resolved  in  this  case 
by  chemical  means,  which  require  to  be  much 
more  drastic  in  consequence.  The  fibrous  por- 
tions of  these  materials,  on  the  other  hand,  are 
made  up  of  a  compound  cellulose  belonging  to 
the  next  group  which  we  shall  have  to  consider, 
an  important  characteristic  of  which  is  the  com- 
parative ease  with  which  they  arc  attacked  ami 
resolved  by  alkalis.  Although,  therefore,  the 
connections  of  these  cuticular  celluloses  w'ilh 
the  fibres  are  for  the  most  part  only  indirect  or 
incidental,  we  see  in  the  typical  instances  above 
cited,  that  they  have  to  be  taken  into  aceoinit 
in  relation  to  a  great  number  of  tlie  treatments 
of  ccllulosic  raw  materials,  both  mechanical  and 
chemical. 

Fectocelluloscs.  This,  the  second  division 
of  the  compound  celluloses,  is  characterised  by 

'  Arooi  ilinff  to  Fremy  it  is  t'"*  cutose  it?elf  wliioli  is  so 
resolveil. Iiut  tlie  autlioi's  evjieiimeiits  liaTcalHaysjic'.de4 
a  residue  of  cellu'.Oiic. 
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the  non-cellulose  constituents  belonging  to  the 
group  of  iiectic  substances. 

In  composition  they  are  more  complicated 
than  the  celluloses,  and  they  contain  less  carbon 
and  more  oxygen.  In  this  and  in  many  of  their 
properties,  they  resemble  the  ^-oxycelluloses 
above  described.  Generally  they  yield  gela- 
tinous hydrates,  and  under  the  action  of  hydro- 
lytic  agents  they  undergo  a  succession  of  changes 
resulting  in  the  conversion  of  the  comparatively 
inert  members  of  tlie  series  pectose  and  pectin 
into  highly  acid  derivatives,  such  as  pectic  and 
metapectic  acids,  bodies  which,  in  addition  to 
being  acids,  have  properties  indicating  the  pre- 
sence of  aldehydic  groups. 

The  typical  pectocellulose  is  the  flax  fibre. 
The  purified  bast  of  a  Eussian  flax  was  found 
by  Kolb  to  contain  C  43-7  ;  H  .5-9  ;  0  50-4. 

On  boiling  with  dilute  alkaline  solution  about 
20  p.c.  of  its  substance  is  readily  converted  into 
soluble  derivatives,  of  wdiich  a  considerable  pro- 
portion is  a  body  identical  with  Fiemy's  pectic 
acid  (C  =  42  0  p.c. ;  H  =  4-8,  i.e.  C,,H,,0„).  Tlie 
fibrous  residue  from  an  exhaustive  treatment 
with  alkaline  solutions,  amounting  in  most 
flaxes  to  about  75  p.c.  of  the  original  weights, 
is  a  practically  pure  cellulose.  In  this  experi- 
mental account  of  its  constitution  we  disregard 
such  adventitious  admixtures  as  cuticular  tissue 
(adipocellulose)  and  wood  or  'sprit'  (lignocel- 
lulose),  the  influence  of  whicli  may  be  calculated 
and  eliminated  from  the  result ;  but  the  presence 
of  these  in  commercial  flax  introduces  complica- 
tions of  very  great  moment  in  regard  to  the 
spinning  of  the  fibre  and  the  bleaching  processes 
to  which  flax  goods  are  subjected. 

Lignocelluloses.  As  the  name  indicates,  this 
group  comprises  the  substance  or  substances  of 
which  woody  tissue  is  made  up.  The  simplest 
type  of  these  bodies  is  the  jute  fibre,  the  lignitied 
bast  of  a  herbaceous  annual  (CorcUorus  Tilia- 
cca),  cultivated  on  an  enormous  scale  in  India. 

The  elementary  composition  of  the  purified 
bast  is  expressed  by  the  following  jjercentage 
numbers : 

Cr,lc.  C,..H,30,. 

C  47-0-4S-0  .  ,  .  .  47-0 
II  5-9-.5-7  ....  (!-0 
0     47  1-4ir3    ....  47-0 

On  Saclisfo's  view  (Farbstoffc  itc,  p.  145)  it  is  a 

compound  of 

Non-cellulose  (lignin)C„H,,0,„ (55-5p.c.C)  25p.c.' 
Cellulose  .  .  C,,H,,„0,;,(44-4  „  )75  „ 
The  cellulose  isolated  from  the  fibre,  as  a  pro- 
duct of  chemical  resolution,  differs,  however, 
from  the  typical  cellulose  in  empirical  composi- 
tion, viz.  30  ,H|„0-,.H.p,  and  in  being  more  readily 
attacked  by  oxidising  and  hydrolytic  agents. 
Vv'hile  the  whole  molecule  or  compound  cellulose 
agrees  in  certain  typical  reactions  with  cellulose 
itself,  e.g.  solubility  in  the  amraonio-cupric  re- 
agent, formation  of  explosive  nitrates  and 
soluble  sulpliates,  it  exliibits  equally  marked 
differences,  as  follows.  It  is  coloured  brown  by 
iodine,  bright  yellow  by  solutions  of  the  salts  of 
aromatic  bases,  deep  red  by  pliloroglucol  in  pre- 
sence of  concentrated  HCl.   The  solution  in  the 

'  Recent  researches  (C.  J.  1880,  190)  hire  shown  that 
this  iioii-ceIhiIo=e  is  ,a  onmplex  moh'ciih-'  c^mtaiiiiiitc  (rtin, 
ki/tdiie  0,,H,„n|^  traiisitionnl  to  a  <nuiiuiic  ;  (b)  a  I'm  riii-al 
leaidue;       an  acetic  re-iilue. 


Schweitzerreagent  is  only  partially  reprecipitated 
by  acids,  precipitate  same  as  original ;  the  ex- 
plosive compounds  with  nitric  acid  are  yellow, 
and  their  formation  is  attended  with  partial 
conversion  into  soluble  derivatives  in  proportion 
to  the  temperature  and  the  duration  of  contact 
with  the  acid  mixture.  It  is  much  more  sus- 
ceptible of  attack  by  oxidising  and  hydrolytic 
figents.  Of  the  latter,  boiling  alkaline  solutions 
(caustic  soda  of  2  p.c.  Na.O)  dissolve  10-15  p.c.  of 
the  weight  of  the  fibre,  but  without  any  structural 
change;  acid  solutions  (H^SOj  5  p.c.)  dissolve 
15-30  p.c,  according  to  the  duration  of  the  action. 
The  characteristic  '  final  product  of  the  acid  hy- 
drolysis is  the  aldehyde  furfural.  The  attendant 
changes  in  the  residual  fibre  are  similar  to  those 
described  in  the  case  of  cellulose.  Where  the 
bydrolysing  action  is  supplemented  by  oxidising 
or  reducing  conditions,  a  resolution  of  the  ligno- 
cellulose  is  brought  about.  Thus,  when  digested 
with  dilute  nitric  acid  (5-10  p.c.)  at  G0-80°,  the 
non-cellulose  is  entirely,  and,  as  might  be  ex- 
pected, the  cellulose  is  in  part,  converted  into 
soluble  products.  The  solution  is  yellow,  and 
contains  a  derivative  of  complicated  composi- 
tion C^5H|„(NOJ023,  a  highly  acid  body  which 
dyes  animal  fibres  to  a  gold  shade,  and  forms 
salts  with  the  earthy  bases  (G.,3H3,,(NO,)0,,M",,). 
It  is  worthy  of  note  at  the  same  time  that  the 
presence  of  urea  pirevents  this  specific  action  of 
nitric  acid,  diverting  it  into  one  of  simple  hydro- 
lysis, as  with  the  stable  mineral  acids  (H..SO|, 
HCl).  On  the  other  hand,  sulphurous  acid  re- 
solves the  lignocellulose  molecule,  as  also  the 
bisulphites  and  sulphites  of  the  alkalis  and 
alkaline  earths.  The  temperatures  necessary 
for  the  isolation  of  cellulose  are  with  sulp)hurous 
acid  (7-5  p.c.  SO.,)  00-100°,  with  bisulphites 
(4  p.c.  SO,)  140-150 ^  with  normal  sulphites 
(4  p.c.  SO,)  170-180°,  the  increase  of  tempera- 
ture corresponding  with  the  diminution  of  hydro- 
lytic power  by  progressive  neutralisation  of  the 
acid.  It  is  scarcely  necessary  to  state  that  the 
pressures  involved  require  the  use  of  sealed 
apparatus  for  these  digestions.  The  hydrolysis 
is  aided  by  the  combination  of  the  reagents 
with  the  soluble  derivatives,  which  are  alde- 
hydic in  character,  preventing  the  reversal  of 
the  actions  which  would  otherwise  occur  as  the 
higher  temperatures  are  gradually  reached. 
These  reactions  receive  important  technical  ap- 
plications which  will  be  subsequently  described. 

But  the  most  characteristic  reactions  of  this 
compound  are  those  with  the  halogens.  Iodine 
is  absorbed,  as  already  stated,  but  the  resulting 

'  brown-coloin-ed  compound  is  not  more  stable 
tliau  the  iodide  of  starch.  Under  uniform  con- 
ditions the  quantity  taken  up  is  approximately 
constant,  and  the  reaction  maybe  applied  to  the 
approximate  estimation  of  the  proi^ortion  of  a 
ligno-cellulose  in  admixture  with  a  cellulose. 

I  Bromine  attacks  the  fibre  in  contact  with  water, 
forming  ill-defined  compounds,  which  are  dis- 
solved by  alkaline  solutions.  The  operation 
once  or  twice  repeated  eliminates  the  wdiole  of 
the  non-cellulose;  the  resulting  cellulose  amounts 
to  72-75  p.c.  of  the  weight  of  the  fibre.  Chlorine 
does  not  act  upon  the  dry  fibre,  even  when 
tlie  temperature  is  raised  to  100°,  but  in  pre- 

'  T()i:eii5  h.as  obtaineil  xylose  as  a  Jireet  uroJuct  of  tlie 
Li  drolysis  (Ber.  18ii;»,  li)iS). 
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sence  of  water  combines  rapidly  at  ordinary 
temperatures  with  evolution  of  lieat.  Tlie 
chlorinated  derivative  is  yellow,  soluble  in  alco- 
hol, and  is  precipitated  from  the  solution  by 
water  in  flocks.  Its  composition  is  expressed 
by  the  empirical  formula  C|.|H|-Cl,Og.  It  gives 
with  sodium  sulphite  solution  a  characteristic 
magenta  colouration.  Boiled  with  the  solution 
the  chlorinated  derivative  is  entirely  dissolved 
and  a  residue  of  cellulose  remains,  consisting  of 
the  now  disintegrated  fibre  elements  or  colls. 
This  process  is  the  simplest  and  most,  rapid 


method  of  estimating  the  cellulose  in  this  as  in 
all  other  lignocelluloses.  The  chlorinated  de- 
rivative of  the  non-cellulose  is  aromatic  in  cha- 
racter, and  resembles  the  products  of  chloriua- 
tion  of  the  trihydric  phenol,  pyrogallol. 

The  results  of  a  proximate  analysis  of  the 
raw  tibre  substances,  according  to  the  ordinary 
method  of  successive  e.xhausfion  with  various 
solvents  (ether,  alcohol,  and  water),  are  some- 
times of  value.  In  the  subjoined  table  we  give 
a  typical  selection  of  such  results  compiled  from 
Dr.  Hugo  Miiller's  I'llanzenfaser  : 


?eed  H;iir 

Dicot\  ledonous 

Houocot.vledonoDS 

Bast  Cbrc3 

Stems 

Cotton 

Flax 

Uciup 

Bhea 

Jute 

Esparto 

Rye  Straw 

Cellulose '    .       .       .  . 

91 -.35 

81-09 

771.3 

75-83 

63-76 

48-25 

47-69 

Wax  

0-10 

2-87 

0-.55 

0-20 

0-38 

2-07 

1-93 

Aqueous  extract  . 

0-50 

302 

3-45 

C-29 

1-00 

1019 

10-05 

jMoisture  .... 

700 

8-60 

880 

8-74 

9-8G 

9-38 

11-38 

Ash  

012 

0-70 

0-82 

2-87 

008 

3-72 

3-20 

Pectous  substances  -  . 

2-72 

9-25 

C-07 

24-32 

26-39 

26-75 

The  chemical  characteristics  of  the  com- 
pound celluloses  have  been  sketched  in  sulUcient 
detail  for  the  elucidation  of  the  processes  to 
which  they  are  subjected,  and  we  proceed  to 
consider  such  of  those  as  come  within  the  scope 
of  this  article.  They  may  be  divided  into  two 
groups:  (a)  chemical  processes  natural  and  arti- 
ficial, auxiliary  to  the  isolation  of  textile  fibres 
(filaments)  ;  (b)  the  processes  of  the  paper-maker 
by  which  he  resolves  his  raw  fibrous  materials 
into  ultimate  fibres  (pulp). 

(a)  The  purpose  of  these  treatments  is  to 
disintegrate  the  cellular  tissue  in  which  the 
fibres  are,  as  it  were,  imbedded,  and  thus  facili- 
tate the  mechanical  operation  of  separating  the 
fibres.  Of  this  group  of  processes  the  treatment 
of  flax  is  typical.  In  the  mature  flax  stem  the 
annular  ring  of  fibres,  amounting  to  about 
20  p.e.  of  the  total  weight,  is  cemented  together 
with  the  external  cuticular  tissue  and  the  wood 
which  constitutes  an  internal  cylinder,  into  a 
coherent  whole.  The  cellular  tissue  to  which 
this  adhesion  on  either  side  is  due  is  composed 
of  a  cellulose  which  is  much  more  susceptible  of 
hydrolysis  than  any  of  those  compound  fibre-cellu- 
loses above  described,  and  by  exposing  the  stem 
therefore  to  some  hydrolytic  agency,  it  may  be 
so  far  disintegrated  as  to  free  the  fibres,  so  that 
in  the  breaking  and  beating  of  the  scutcher  the 
wood  and  cortex  are  broken  up  and  stripped 
with  the  minimum  waste  of  fibre.  The  simplest 
system  of  preparation  is  that  of  dew  retting, 
which  consists  in  exposing  the  '  straw,'  thinly 
spread  upon  grass,  to  tlie  infiuence  of  the  weather, 
nntil  upon  trial  the  fibre  parts  easily  from  the 
wood  or  '  sheave.'  An  exposure  of  several  weeks' 
duration  is  necessary.  The  flax  produced  upon 
this  system  is  of  low  quality;  notwithstanding 
which  the  method  is  still  largely  practised  in 
Russia,  and  to  some  extent  also  in  Belgium. 

'  Dctoriiiincil  by  oxhnustlve  troatinent  with  bromine 
water  mid  boiling  ililuto  aiiimoiiiii  for  elimination  of  non- 
ccUiilose.  The  result  U  ciilculiitcd  ou  the  air-ilry  sub- 
stance. 

"  Tlicso  include  the  subst.'inces  dissolved  away  by  the 
above  tro.'Xtmcnt ;  tlicy  are  eak-ulated  by  differences. 


The  latter  country  is  distinguished  on  the  other 
hand  for  the  exceptional  qualitj'  of  the  flax 
produced  in  the  Courtrai  district,  where  the 
running  water  stcci>  is  largely  practised.  The 
flax  is  steeped  in  the  slowly  running  waters 
of  the  river  Lys ;  the  straw  is  packed  for  the 
purpose  in  large  crates,  which  are  kejit  sub- 
merged by  fastening  them  to  stakes  in  the  bed 
of  the  river.  The  duration  of  the  steeping  varies 
from  5  to  SO  days  according  to  the  temperature. 
A  necessarj'  condition  of  preparation  on  this 
system  is  that  the  straw  must  be  at  least  one 
year  old,  and  it  is  often  kept  for  two  years  be- 
fore steeping.  The  steeping  is  frequently  re- 
peated. 

The  treatment  practised  in  this  country  is 
that  of  steeping  in  stagnant  water.  A  fermen- 
tation is  set  up,  at  the  expense  of  the  nitro- 
genous constituents  of  the  stem,  and  of  those 
non-nitrogenous  bodies  which  are  more  easily 
attacked,  with  the  result  such  as  we  have  indi- 
cated. Such  a  process  of  spontaneous  decom- 
position is  necessarily  dilVicult  to  control,  and 
there  have  been  many  attempts  both  to  regulate 
the  fermentation  by  bringing  the  conditions 
under  control,  as  well  as  to  substitute  for  the  fer- 
mentation other  hydrolytic  agencies  or  reagents. 

The  simplest  of  such  artificial  methods  is 
that  of  Mr.  Michael  Andrews  of  Belfast,  of  which 
an  account  was  given  at  the  Flax  Congress  at 
Vienna  1873  (v.  Exhibition  Reports,  Pr.  4,  056), 
This  was  founded  on  the  well-grounded  assump- 
tion '  that  the  most  promising  system  would  be 
to  endeavour  to  imitate  the  best  results  at- 
tained by  the  ordinary  method  under  the  most 
favourable  conditions,'  these  being  secured  by 
a  definite  temperature,  uniformly  maintained. 
The  chief  features  of  this  artificial  system  con- 
sisted in  steeping  the  straw  in  vats  contained  in 
a  chamber,  the  temperature  of  which  was  con- 
trolled by  means  of  steam  pipes,  the  water 
being  introduced  at  the  required  temperature 
(22-26°),  and  the  heat  kept  up  by  the  surround- 
ing atmosphere  of  the  chamber.  In  other  words, 
the  main  purpose  of  the  system  was  the  creation 
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of  an  ai'tilicial  climate.  Umler  these  circum- 
stances the  iermentation  is  in  full  vigour  in  24 
hours  and  continues  uniformly  for  some  clays 
(U-IO),  when  it  gradually  subsides  as  the  oijera- 
tion  approaches  completion.  The  average  loss 
of  weight  sustained  by  the  straw  is  23-7  p.c.  and 
the  average  yield  of  fibre  from  the  retted  straw 
is  23'5.  The  scutched  fibre  yields  on  the  aver- 
age 75  p.c.  of  pure  cellulose  The  warm  water 
retting  process  introduced  by  Schenk  soine  forty 
years  ago  differed  from  the  above  only  in  the 
means  employed  to  keep  up  the  temperature  of 
the  vat,  which  was  by  the  introduction  of  '  live  ' 
steam.  Watts'  process  (18B2)  may  be  described 
as  one  of  maceration  or  softening  by  the  appli- 
cation of  steam  and  water,  without  decompo- 
sition. The  straw  was  placed  in  close  chambers 
resting  on  a  perforated  bottom.  The  steam  was 
driven  in  beneath,  the  condensed  water  being 
drawn  otf  from  time  to  time.  The  duration  of 
the  steaming  was  10-12  hours.  This  process 
has  failed  to  establish  itself,  as  have  also 
Schenk's  and  Andrews'  (Irish  Textile  J.  1887-8). 

A  more  radical  departure  in  the  treatment  of 
flax  is  the  process  recently  invented  by  M.  Parsy, 
which  will  be  found  described  in  L'Industrie 
Textile,  188G,  p.  611;  1887,  p.  103.  This  con- 
sists in  a  treatment  with  water  and  steam  at 
high  temperatures,  in  a  sealed  apparatus  (diges- 
tor).  The  flax  being  suitably  piled  in  the 
latter,  water,  or  rather  waste  liquor  from  a  pre- 
ceding operation,  is  introduced  at  the  boiling 
temperature;  the  valves  being  closed,  the  tem- 
perature is  raised  to  12.5°,  and  the  solution 
allowed  to  remain  half  an  hour  in  contact  with 
the  straw ;  it  is  then  blown  oft',  and  steam  is 
admitted  under  a  pressure  of  5  atmospheres,  the 
steaming  being  continued  for  one  hour.  The 
steam  is  then  blown  oft',  the  straw  removed  and 
artificially  dried  in  a  special  apparatus.  We 
have  as  yet  no  trustworthy  reports  as  to  the 
quality  of  the  fibre  yielded  by  this  treatment. 

There  remain  to  be  briefly  noticed  those  pro- 
cesses in  which  the  action  of  water  at  and  above 
the  boiling-point  has  been  supplemented  by 
chemical  agents  contained  in  solution. 

.J.  E.  Dry  patented  in  187G  (Eng.  Pat.  No. 
4,721)  a  process  of  boiling  in  solutioijs  of  soap. 
The  authors  have  investigated  this  process  with 
the  result  of  showing  that  such  solutions  have  a 
specific  action  of  the  required  character,  not 
possessed  by  other  alkaline  solutions  (e.g.  sodium 
hydrate  and  carbonate)  used  in  equivalent  (|uan- 
tity  and  under  the  same  conditions.  But  al- 
though the  straw  is  eft'ectually  retted,  the  process 
is  dilficult  to  control,  and  the  fibre,  although  of 
excei)tionally  good  colour,  appears  to  be  lacking 
in  sjjinning  qualities.  It  appeared  probable, 
however,  that  under  investigation  these  defects 
might  be  overcome,  in  which  case  the  only  re- 
maining point  for  consideration  would  be  the 
important  one  of  economy,  upon  which  more 
than  one  of  these  artificial  systems  have  broken 
down. 

A  process  patented  by  one  of  the  authors  in 
1880  (No.  4,',J8-1)  has  been  worked  with  success 
upon  the  closely  related  fibre,  hemp.  In  this 
case,  however,  it  is  not  the  raw  nuitorial,  but 
the  scutched  fibre  which  is  treated.  It  consists 
in  boiling  under  pressure  (1  to  3  atmospheres) 
with  a  solution  (1-2  p.c.)  of  sodium  sulphite. 


Under  this  treatment,  a  certain  proportion  of 
the  tilire  constituents  are  dissolved,  with  tlio 
result  of  a  partial  bleaching  of  the  hemp,  and 
the  fibre  bundles  are  partially  disintegrated,  so 
that  the  fibre  can  be  sjjun  to  finer  numbers  of 
yarn,  at  the  same  time  there  is  no  deterioration 
of  strength  or  spinning  qualities.  The  process 
has  also  been  tried  experimentally  on  flax  straw, 
and  with  favourable  results,  but  not  on  a  sutti- 
cient  scale  to  enable  a  judgment  to  be  formed  as 
to  the  probability  of  its  being  industrially  de- 
veloped. 

For  the  separation  of  hemp  a  preliminary 
retting  is  also  necessary,  but  owing  to  the  greater 
development  of  stem  in  this  plant,  the  operation 
of  separating  the  fibre  is  a  purely  mechanical  one. 

In  the  stem  of  the  tropical  jute  jjlant  the 
development  of  the  bast  is  also  of  such  a  cha- 
racter that  it  is  separable  from  the  wood,  after 
the  steeping,  by  a  simple  manual  operation, 
the  stem,  i.e.  the  wood,  being  broken  across,  the 
fibre  and  bark  are  stripped  together,  the  latter 
being  tlien  broken  away  by  striking  and  shaking 
on  the  surface  of  the  water.  The  Rhea  fibre  is 
also  freed  with  comparative  ease  from  the  wood, 
but  the  adhesion  of  the  cortical  tissues  to  the 
bast  renders  the  isolation  of  the  fibres  a  matter 
of  some  diificulty. 

These  illustrations  are  sufficient  to  indicate  the 
general  principles  upon  which  the  processes  of 
isolating  the  dicotyledonous  textile  fibres  de- 
pend. 

Past  tissues  of  perennials,  e.g.  the  Adansonia, 
are  obtained  by  the  simple  process  of  stripping 
the  growing  tree. 

The  monocotyledonous  textile  fibres,  e.g. 
Manila  and  Sisal,  are  separated  from  the  fleshy 
leaves  which  yield  them  by  means  of  a  simple 
machine  which  crushes  the  soft  parenchyma, 
the  resulting  pulp  being  then  washed  away  from 
the  fibre. 

Next,  and  last  in  order,  we  have  those  fibrous 
substances  from  which  no  fibres  can  be  satisfac- 
torily isolated  until  after  the  material  has  been 
subjected  to  a  chemical  treatment  more  or  less 
drastic  according  to  the  more  or  less  resistant 
character  of  the  substances  with  which  the 
fibres  are  associated.  These  treatments  we  now 
proceed  to  describe. 

(b)  In  this  section  we  include  the  boiling  or 
pulping  processes  of  the  paper  maker.  The  raw 
jnaterials  for  the  paper-making  industry  are 
largely  made  up  of  the  rejecta,  of  all  kinds, 
of  the  textile  arts,  and  the  treatment  of  the 
waste  products  for  the  isolation  of  the  ma- 
terials differs  in  many  cases  only  in  detail 
from  the  bleaching  processes  auxiliary  to  those 
arts  {v.  article  Bl,eaching).  These  we  leave 
out  of  consideration.  Regarded  from  our  che- 
mical point  of  view  we  may  divide  papers  into 
the  two  classes  (1)  those  which  are  made  up  of 
a  compound  cellulose,  usually  a  ligno-cellulose, 
e.g.  cap  and  wrapping  papers  manufactured  from 
jute  (boiled  or  pulped  with  lime),  Adansonia 
bast,  mechanical  wood-pulp,  itc. ;  and  (2)  those 
composed  of  a  pure  cellulose  obtained  from  a 
compound  cellulose  by  completely  eliminating 
its  non-cellulose  constituents.  Of  the  former, 
papers  made  from  jute  pulp  may  be  taken  as 
representative.  In  this  industry  the  more  highly 
lignified  root  ends  of  the  fibres  or  filaments  are 
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employed.  They  are  boiled  with  lime  at  a  steum 
pressure  of  10- '20  lbs.  This  treatment  has  a 
very  considerable  softening  and  disintegrating 
action,  removing  or  facilitating  the  removal  in 
the  subsequent  treatments  of  the  grosser  im- 
purities (admixtures  of  bark  and  cellular  paren- 
chyma, encrusting  substances,  (tc),  and  resolving 
the  fibre  bundles.  At  the  same  time  the  essential 
chemical  characteristics  of  the  libre  substances 
are  not  affected,  and  in  the  bleaching  process 
(treatment  with  a  solution  of  bleaching  powder) 
which  follows,  it  is  only  the  more  highly  coloured 
products  of  the  action  of  the  base  which  are  re- 
moved, the  final  product  being  a  purified  ligno- 
cellulose  of  a  more  or  less  deep  yellow  colour. 
And  in  like  manner  with  all  similar  treatments 
of  such  compound  celluloses.  On  the  other  hand 
a  treatment  with  caustic  solution  at  liigh  tcm- 
2)eratures  elfects  a  complete  resolution  into 
cellulose  (insoluble)  and  non-cellulose  (soluble 
derivatives),  so  far  at  least  that  the  subsequent 
bleaching  process,  by  oxidising  and  removing  the 
residues  of  the  non-cellulose  which  remain  com- 
bined with  the  cellulose,  brings  the  latter  into 
such  a  condition  of  purity  that  it  no  longer  gives 
the  reactions  characteristic  of  the  non-cellulose 
in  the  raw  material. 

In  addition  to  the  process  of  digestion  with 
caustic  soda  solution,  we  have  other  processes 
very  different  in  character  but  effecting  the 
Bame  general  result— viz.  the  isolation  of  cellu- 
lose, therefore  also  to  be  included  in  this  second 
group  of  treatments  ;  these  are  the  various  pro- 
cesses of  digestion  with  acid  reagents.  The 
latter  are,  or  have  been  applied  to  one  class  of 
raw  materials  only,  viz.  the  woods ;  the  alkaline 
processes  on  the  other  hand  are  aijplied  to  these 
as  to  all  other  fibrous  substances.  For  the  pur- 
pose of  a  general  view  we  must  consider  them  in 
relation  to  this  one  class  of  raw  material,  viz. 
the  woods  (fir  and  pine)  to  which  they  are  each 
and  all  industrially  applicable.  The  tabular  view 
of  these  processes  subjoined  is  based  upon  tlie 
principles  enunciated  in  the  earlier  part  of  this 
article. 

Chemical  Processes  for  Disintegrating  Wood. 

(A)  Water  (l.')0°).— Hydrolysis  aided  by  acids 
formed  from  wood.  Limit  of  action  determined 
by  reversal  of  hydrolysis,  i.e.  dehydration  aided 
by  oxidation. 

(B)  Water  together  with  neutral  sulphites 
(180°). — Simple  hydrolysis.  Products  removed 
from  sphere  of  action  by  combination  with  base 
and  sulphite  residue.  Oxidation  prevented  by 
presence  of  sulphite. 

(C)  Aqueous  Alkalis.  Caustic  soda  {150- 
180°). — Hydrolysis  aided  directly  by  alkali,  in- 
directly by  combination  with  products  of  resolu- 
tion. 

(D)  Alkaline  Sulphides  (150-180°).  Hydro- 
lysis aided  by  alkaline  bases  directly  and  in- 
directly by  combination  with  products.  Eeversal 
of  hydrolysis  lessened  by  presence  of  reducing 
agent. 

Aqjicotis  Acids. 
(1)  O.ridising  and  hi/drolytic. 
I  Nitric  acid  (GO-80"). 

(E)  ,  Hydrolysis  aided  by  combination  with 
L  uitrogeu-oxides. 


(2)  Siinpli/  Injdrohjtic. 
,pj  f  Hydrochloric  acid  (100°). 
^     I  Limit  determined  by  reversal. 

(3)  Reducing  and  hydrolytic. 

(G)  Sulphurous  acid  (80°- 100°). 

(H)  Bisulphites.  Hydrolysis  aided  primarily 
by  sulphurous  acid,  also  by  combination  of  pro- 
ducts with  bisulphites  and  prevention  of  oxida- 
tion. 

Of  the  processes  enumerated  above,  only  (C) 
and  (H),  and  to  a  less  extent  (A)  and  (Di,  have 
attained  to  a  position  of  any  considerable  indus- 
trial importance ;  we  shall  consider  them,  how- 
ever, rather  in  regard  to  their  chemical  signifi- 
cance. 

(A)  The  water  process  was  studied  by  Fry 
and  worked  on  an  industrial  scale  (180(5,  i'.  J. 
Soc.  Arts,  31,  -I-IS).  The  yield  of  brown  pulp- 
disintegrated  but  unresolved  ligno-cellulose — 
amounted  under  the  most  favourable  conditions 
to  about  70  p.c.  of  the  original  wood.  The 
soluble  non-volatile  products  were  powerfully 
acid  bodies  playing  no  doubt  a  part  in  assisting 
the  hydrolysis  which,  however,  with  the  accumu- 
lation of  aldehydic  products  and  the  increasing 
tendency  to  reversal  of  the  hydrolysis  with  in- 
crease of  temperature,  rapidly  attains  a  limit  of 
conversion  into  soluble  products  represented  as 
already  indicated  by  about  30  p.c.  of  the  wood 
substance. 

(F)  Hi/drochloric  acid.  The  action  of  this 
stable  acid  is  one  of  simple  hydrolysis,  and  re- 
sembles the  one  described  above.  A  process 
founded  on  its  action  was  worked  by  Baohet  and 
Machard  for  some  time  in  Switzerland  ;  the 
wood  being  boiled  with  the  dilute  acid,  the 
resulting  pulp  made  into  a  coarse  packing  paper, 
the  solution  being  neutralised  and  subjected  to 
an  alcoholic  fermentation. 

(E)  Nitric  acid.  With  the  oxidising  acids, 
e.g.,  nitric  acid,  on  the  other  hand,  a  very 
different  result  is  obtained.  The  action  of  tliis 
acid  on  the  ligno-celluloscs,  already  described, 
p.  281,  was  applied  by  Coupler  and  Mellier 
(isrj2)  and  Barrc  and  isiondell  (1801)  for  the 
isolation  of  cellulose  from  wood.  The  process 
consisted  in  digestion  with  50  p.c.  nitric  acid  for 
21:  hours  at  00-80 ;  washing  the  resulting  pulp 
till  free  from  the  soluble  products,  boiling  with 
a  weak  alkaline  solution  to  remove  residual 
nitro-products,  and  finally  bleaching  in  the 
ordinary  way.  The  yield  of  pulp  would  be 
about  40  p.c.  As  already  stated,  the  action  of 
this  acid  in  presence  of  urea,  is  exactly  that  of 
the  stable  mineral  acids.  Undcrordinary  circum- 
stances therefore  this  simple  hydrolysis  is  re- 
inforced by  an  oxidising  action,  attended  by 
combination  of  the  non-cellulose  (derivatives) 
with  the  nitrogen  oxides  resulting  from  the  re- 
duction of  the  acid. 

(Ct)  Sulphurous  acid  in  aqueous  solution 
(minimum  7-b  p.c.  SO..)  effects  a  resolution 
which  is  especially  lemarkable  from  the  fact 
that  the  soluble  products  tlilYer  in  no  essential 
characteristics  from  tlie  non-ccllulose  as  it  exists 
in  the  wood.  The  names  associated  with  the 
industrial  development  of  this  process  are  Tilgh- 
mann  (ISOO)  and  Fictet  (1882).  the  former,  how- 
ever, by  the  suggestion  rather  than  the  practical 
realisation.  I'ictet  pulps  the  wood,  by  digestion 
j  in  a  sealed  vessel,  lead  lined,  at  80-100'  and 
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under  the  correspomling  pressure.  After  10 
hours'  digestion  the  sulphurous  acid  is  expelled 
by  jilacing  the  digester  in  suitable  connection 
with  a  second  containing  cold  water  or  a  more 
dilute  acid  requiring  to  be  brought  up  to  the 
requisite  degree  of  concentration.  In  this 
way  the  sulphurous  acid  is  very  completely 
(00  p.c.)  recovered.  The  wood  is  entirely  dis- 
int:^grated,  40  p.c.  of  its  substance  being  eon- 
verted  into  soluble  modifications;  the  brownish 
jjulp  when  bleached  yields  a  pure  cellulose,  the 
proportion  being  -10-50  p.c.  of  the  original  wood. 
In  regard  to  the  mode  of  action  of  the  sulphu- 
rous acid,  there  is  no  evidence  of  its  undergoing 
any  change,  we  must  therefore  account  for  the 
more  complete  hydrolysis,  in  comparison  with 
sulphuric  and  hydrochloric  acids,  by  its  tem- 
porary combination  with  the  products  of  hydro- 
lysis under  the  special  conditions  of  the  digestion. 

(H)  Bisulpliites  of  calcinm  and  magnesium. 
In  this  section  we  have  a  group  of  processes  of 
growing  importance,  with  the  development  of 
which  a  namber  of  names  are  associated,  e.g. 
Tilghmann  (1800),  Mitscherlich  (1874),  Ekman 
(1881),  Francke  (1881),  Graham  (18S2),  McDou- 
gall  and  Partington,  Flodqvist,  Kellner  and 
others.  The  several  systems  developed  by  these 
inventors  are  identical  in  principle,  though 
differing  in  such  details  as  are  in  many  oases  of 
first  importance  technically  considered.  The 
solutions  employed  vary  somewhat  in  regard  to 
sulphurous  acid  strength  (3-5  p.c.)  and  jjropor- 
tion  of  base,  so  also  the  temperatures  and 
durations  of  the  digestions  necessary  for  com- 
plete resolution  (150-170°  and  from  30  to  8 
hours  respectively).  Special  apparatus,  viz.  a 
lead-lined  digester,  is  of  course  necessary.  In 
the  preparation  of  the  bisulphite  solution,  the 
source  of  the  acid  is  either  sulphur  or  pyriles 
burnt  in  suitable  ovens;  the  gas  being  either 
led  into  towers  wliere  it  meets  a  constant,  well- 
distributed  supply  of  water  flowing  over  and 
down  the  columns  of  basic  material  (calcined 
magnesia  or  lime),  or  a  milky  mixture  of  the 
latter  with  water ;  or  lastly  it  may  be  led 
thi'ough  vessels  containing  the  milk  of  lime  or 
magnesia  kept  in  a  state  of  agitation  by  special 
apparatus. 

The  pulp  yielded  by  these  processes  is  of  a 
cream  to  brownish  shade  of  colour,  notwith- 
standing which,  however,  it  takes  a  somewhat 
large  proportion  of  bleaching  jiowder  (15-30  p.c.) 
to  bring  it  to  a  good  white  (pure  cellulose).  The 
percentage  yield  varies  from  40  to  50,  the  loss 
sustained  in  bleaching  being  small.  The  solu- 
tions from  the  digestion  are  of  a  bright  yellow 
colour,  and  contain  remarkably  stable  com- 
pounds of  the  aldehydic  products  of  resolution, 
with  the  bisulphite  molecule,  together  with  a 
certain  proportion  of  the  non-cellulose  in  com- 
bination with  the  products  of  reduction  of  the 
sulphurous  acid,  e.g.  mercaptans.  It  is  the 
formation  of  the  aldehyde-bisulphite  compounds 
which  plays  the  important  secondary  part  in 
facilitating  the  hydrolysis  of  the  ligno-cellulose, 
by  preventing  reverse  actions  at  the  high  tem- 
peratures which  are  necessitated  by  the  presence 
of  the  base,  as  well  perhaps  as  the  relatively 
small  percentage  of  the  acid. 

(]j)  Normal  sulphites. — Theevidence  we  have 
as  to  the  action  of  these  comijounds  loads  us  to 


assign  to  them  only  an  indirect  part  in  the 
hydrolysis  ;  by  combining  with  the  products  of 
the  aqueous  hydrolysis  they  prevent  the  reverse 
actions  which  would  otherwise  occur  and  so 
keep  an  open  iiath  for  the  continued  action  of 
the  water  at  the  high  temperature.  For  the 
resolution  of  ligno-cellulose  by  means  of  solu- 
tion with  sodium  sulphite  (5  p.c.  Na.^SO.,)  high 
temperatures  (180")  are  necessary.  The  process 
has  this  advantage  that  the  digestion  can  be 
conducted  in  ordinary  iron  vessels,  but  there 
are  disadvantages  in  point  of  economy  which 
prevent  its  competing  with  the  bisulphite  or 
the  alkali  processes  about  to  be  described. 

(C)  In  this  group  of  processes  the  chemical 
agent  employed  is  caustic  soda.  The  strength 
of  the  solution,  proportion  of  this  to  the  fibrous 
material,  the  temperature  and  duration  of  the 
digestion  vary  considerably  for  the  different 
classes  of  materials.  Of  these,  in  addition  to 
wood,  we  may  cite  Esparto  and  straw,  as  being 
two  of  the  most  important  of  the  staple  raw 
materials  of  the  paper  manufacture  of  this 
country ;  the  woods,  on  the  other  hand,  are 
extensively  employed  in  America  and  on  the 
Continent.  In  the  treatment  of  Esparto  and 
straw  the  quantity  of  caustic  soda  employed 
varies  from  10-20  p.c.  of  the  weight  of  the  raw 
material,  the  temperature  of  the  digestion  from 
125°  to  150°,  and  the  duration  from  8-12  hours. 
For  the  resolution  of  wood  higher  temperatures 
150-180°  are  necessary.  The  chemical  changes 
which  take  place  are  exceedingly  complex,  as  is 
shown  in  the  results  of  the  investigation  of  the 
soluble  by-products  (Papier  Zeitung,  1878,  220). 

The  action  further  differs  from  that  of  the 
sulphurous  acid  and  bisulphite  digestions,  in 
being  extended  to  a  much  greater  extent  to  the 
cellulose  itself.  The  evidence  of  this  is  in  the 
lower  yield  of  pulp.  Thus  the  yield  from  white 
pine  by  the  soda  process  is  approximately  33 
p.c,  whereas  by  the  bisulphite  processes  it  is 
from  45-50  p.c. 

The  external  characteristics  and  paper- 
making  qualities  of  these  pulps  are  also  very 
different  from  those  yielded  by  the  bisulphite 
processes,  the  chief  features  of  difference  being 
their  greater  softness  and  opacity.  The  main 
point  in  the  economy  of  this  process  is  the  re- 
covery of  the  soda  by  evaporation  and  calcina- 
tion, the  organic  matter  dissolved  supplying  the, 
fuel  for  this  latter  portion  of  the  process.  In- 
deed, with  the  j)resent  low  cost  of  soda  and  the 
small  cost  of  evaporation  under  the  improved 
system  of  modern  times,  the  process  has  to  some 
extent  revindicated  itself  over  the  bisulphite 
processes,  which  for  some  time  threatened  to 
displace  it  altogether.  The  struggle  between 
these  rival  systems  has,  however,  yet  another 
phase  before  it.  Hitherto  the  soluble  by-pro- 
ducts of  the  bisulphite  processes  have  not  found 
any  industrial  application,  notwithstanding  that 
they  preserve  intact  the  main  chemical  features 
of  the  non-cellulose  of  the  original  wood.  When 
such  an  application  has  been  worked  out  there 
must  ensue  another  readjustment  of  the  re- 
lative industrial  develoiiments  of  the  two 
systems. 

(D)  A  process  based  upon  the  hydrolysing 
activity  of  an  alkaline  mixture  in  which  the 
sulphides   preponderate  is  now  worked  with 
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success  on  the  Continent.  The  startiiij;  point  for 
the  alkaline  mixture  is  sodium  sulphate.  By 
treatment  with  lime  a  certain  proportion  is  caus- 
ticised.  In  this  solution  the  wood  is  digested  at 
the  temperature  of  1.50-180°.  The  solution  from 
the  boiling  is  afterwards  evaporated,  calcined, 
and  treated  with  lime,  by  which  treatment  a  solu- 
tion is  obtained  containing  sulphide  and  hj'drate 
(together  with  sulphate)  in  nearly  e<iual  propor- 
tions. With  the  addition  of  sulphate  to  com- 
pensate for  unavoidable  loss,  the  cycle  of  opera- 
tions is  kept  up.  The  final  product  is  a  pulp  of 
very  high  tpiality,  similar  in  all  its  characteristics 
to  that  yielded  by  the  soda  process.  The  only 
feature  of  difference  indeed  from  the  preceding 
group  of  processes  is  the  presence  of  the  sulphur, 
which  complicates  the  action  by  the  formation 
of  organic  sulphur  compounds  wdiich  it  is 
scarcely  necessary  to  add  are  very  malodorous. 

The  processes  above  described  yield  pulps 
varying  in  degree  of  purity,  i.e.  percentage  of 
cellulose,  and  necessarily  also  in  quality.  Those 
from  the  bisulphite  processes  yield  harder  and 
more  transparent  papers  than  those  prepared  by 
alkaline  treatments.  At  the  same  time  their 
colour  is  such  that  they  may  be  employed 
directly,  without  further  bleaching,  for  a  very 
wide  range  of  tinted  and  low  white  papers.  For 
fully  white  papers  they  require,  like  the  soda 
pulps,  the  ordinary  |)rocess  of  bleaching,  and 
consume  from  15  to  2.5  p.c.  of  their  weight  of 
bleaching  powder. 

A  process  effecting  both  results  i.e.  hydro- 
lysis and  bleaching,  in  one  operation,  has 
baen  devised  by  C.  Kelliier  (Kngl.  Patent 
15,912,  18SC).  The  princii)le  of  the  process 
is  a  digestion  of  the  wooil  with  a  solution 
of  common  salt  at  125°,  the  salt  solution  being 
continuously  electrolysed.  From  the  liberated 
ions  are  produced  on  the  one  side  caustic  soda, 
on  the  other  chlor-oxygen  compounds  of  well 
known  bleaching  activity.  Two  digesters  in 
connnunication  are  employed,  and  the  liquid  is 
kept  in  continuous  circulation  from  the  elec- 
trolysing vessel  over  the  wood  in  the  digesters 
and  back  to  the  eleetrolyser.  The  latter  is  a 
separate  vessel  in  communication  by  means  of 
pipes  with  both  digesters.  I!y  this  process, 
which  need  not  be  described  in  further  detail, 
the  inventor  claims  to  produce  a  'snow-white' 
cellulose  at  the  one  operation. 

There  also  remain  to  be  briefly  noticed  those 
Bystenis  of  pulping  liguiiied  raw  materials 
which  emploj'  chlorine  gas  as  a  disintegrating 
rather  than  as  a  bleaching  agent.  These  depend 
upon  the  action  of  chlorimition  already  described. 
They  are,  in  fact,  the  carrying  out  on  a  com- 
mercial scale  of  the  laboratory  i)roccss  of  isola- 
ting cellulose.  The  process  is  chielly  applied  to 
straw  and  (lax  (scutching  waste).  The  material 
is  partially  resolved  by  alkaline  treatment, 
washed  and  exposed  for  some  hours  to  chlorine 
gas.  The  products  of  chlorination  are  removed 
by  boiling  in  alkali.  A  slight  subsequent 
treatment  with  bleaching  powder  completes  the 
purification  of  the  cellulose. 

7;t7(/i<i<7)a/)/ji/.— Cellulose.  Article,  Watts' 
r>kt.  ed.  1888.  Plianzcnfaser  (Vienna  Exhi- 
bition reports,  1873)  H.  Miiller.  Encyclop.edia 
of  Industrial  Arts.  Article  Fibrous  Substances 
(E.  &  F.  N.  Spon).      Kurzea  Ilandbuch  d. 


Kohlenhydratc.  B.  Tollcns  (Rreslau,  188<»). 
Etudes  sur  les  Fibres  Vugetales  Textiles  (Paris, 
1870),  Vetillart.  Keports  of  the  Forestry  Exhi- 
bition, Edinburgli,  1884.  Reports  on  Indian 
Fibres  and  Fibrous  Substances  (London,  1887), 
Cross,  Bevan,  and  King.  Cellulose  :  an  Account 
of  the  Chemistry  of  Tji^ical  Members  of  the 
Cellulose  Group  (London,  1885) ;  Cross,  Bevan, 
and  Hodgkinson.  Paper  Making  :  A  Text-book 
of  (London,  18S7) ;  Cross  and  Bevan. 
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CEMENTATION  v.  InoN. 

CciMENT  COPPER  r.  Copper. 

CEMENT  STtEL  r.  Inox. 

CEMENTS.  Under  the  comprehensive  title 
of  cements  may  be  classed  all  substances  capable 
of  uniting  two  or  more  substances  by  adhesion 
to  their  surfaces,  and  by  the  cohesion  of  the  par- 
ticles of  the  cement. 

The  most  important  of  these  are  used  in  the 
construction  of  houses,  sewers,  piers,  bridges, 
lighthouses,  docks,  and  liarbour  works.  The 
subject  may,  therefore,  be  divided  into 

I.  BciLDINO  CEStEXrS. 

IL  Resixous  cements  and  adhesive  ma- 
terials. 

Under  the  head  of  BriLDiNO  cements,  the 
following  subjects  are  treated  : — 

1.  Lime-burning. 

2.  MOKT.AR. 

3.  Plaster  of  Paris. 

4.  Hydraulic  moktah. 

5.  Pozzuolaxa. 

(!.  Hydraulic  cement. 

7.  oxychloride  cements. 

8.  Anrii'iciAL  stone. 

!).  CoNCItKTK. 

1.  Lime-Burning.     To  obtain   lime,  CaO, 

it  is  necessary  to  decompose  the  carbonate 
CaCOj  by  heat.  The  process  is  called  lime- 
burning  and  the  product  lime  or  qiilck-li'iw. 

The  decomposition  begins  at  about  300°C., 
and  the  temperature  which  is  usually  emjiloyed 
is  indicated  by  a  bright  red  heat.  It  ought  not 
to  exceed  llOO'C.  The  facility  with  which 
lime  is  burnt  depends  upon  the  porosity  of  the 
limestone  and  the  size  of  the  lumps  Further- 
more the  expulsion  of  carbon  dioxide  is  facili- 
tated by  the  introduction  of  steam  into  the 
mass,  a  fact  which  was  first  demonstrated  by 
Gay-Lussac,  and  which  is  known  to  practical 
lime-burners,  who  water  limestone  if  by  pro- 
longed standing  in  the  open  air  it  becomes 
dry. 

The  passage  of  a  large  volume  of  air  through 
the  heated  limestone  also  favours  the  disengage- 
ment of  carbon  dioxide.  The  reason  of  this  is 
the  peculiarity  of  tiie  dccom])osition,  which  is 
dependent  upon  the  temperature  of  the  lime- 
stone, and  upon  the  tension  of  the  carbon 
dioxide  in  the  atmosphere  surrounding  the  lime- 
stone. Such  conditions  of  decomposition  are 
characteristic  of  the  phenomenon  called  disso- 
ciation. 

Dorlhac  and  Saminn  have  shown  that  the 
same  lime  when  simullanoously  burnt  in  air  and 
in  a  current  of  steam  loses  3-1  ji.c.  more  CO^  in 
the  steam  than  in  the  air.  They  also  proved 
that  lime  increases  in  volume  when  burnt.  A 
cylinder  27  mm.  long  and  17  mm.  thick  became 
after  burning  28  mm.  and  17'7  mm. 
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Accoriling  to  the  nature  of  tlie  limestone  the 
lime  will  turn  out  to  be  — (ft)  a  '  fat  '  lime,  (6) 
a  '  poor  '  lime,  or  (c)  a  hydraulic  lime. 

If  it  contains  more  than  10  p.c.  of  silica,  a 
lime  must  be  classed  as  hydraulic,  because  the 
l^aste  which  such  a  linie  forms  when  slaked  with 
water  will  set  in  water,  or  in  moist  places  where 
it  is  not  exposed  to  the  drying  influence  of  the 
air. 

The  process  of  lime-burning  may  be  carried 
on  in  four  different  ways. 

1.  hitcnnitknt  burning  toith  a  long  flame. 

2.  ,,  ,,  ,,      sliort  flame. 

3.  Continuous  huvning  witli  a  sliort  flame. 

4.  „  ,,  „      long  flame. 

Lime-kilns. 

Intermittent  burning  with  a.  long  flame.— 
For  calcination  with  a  long  flame,  and  inter- 
mittently, the  primitive  form  of  kiln  fig.  1 
is  constructed  by  making  a  circular  hole  a  in 


I'la.  1. 

the  side  of  a  hill,  or  on  a  slope  ;  the  interior 
is  lined  with  large  stones  of  the  same  material 
as  those  to  be  burnt.  At  the  bottom  of  the  kiln 
there  is  a  horizontal  passage  to  the  outside. 
The  end  of  the  passage  n  in  the  interior  of  the 
kiln  is  arched  overc,  and  a  fire  of  wood,  or  peat, 
I)  is  lighted  as  soon  as  the  kiln  has  been  charged. 
The  charging  of  the  kiln  is  so  carried  out  that 
the  bottom  contains  the  largest  lumps  of  lime- 
stone, and  the  top  the  smallest  pieces. 

A  kiln  so  simple  will,  as  a  matter  of  course, 
use  more  fuel  than  is  absolutely  necessai-y. 

Fink's  kiln  fig.  2  has  an  internal  form  which 
is  ovoid  (b)  ;  between  the  inner  layer  of  refractory 
brick  which  lines  the  furnace  and  the  outer 
wall,  there  is  placed  a  packing  of  sand  (e)  or 
ashes,  which  prevents  damage  to  the  outer  wall 
and  loss  of  heat.  The  hearth  of  the  kiln  fig.  3  is 
formed  of  five  arches  of  refractory  brick  p,  with  a 
space  between  them  of  G  inches  ;  upon  these  are 
placed  rows  of  bricks,  transverse  in  direction, 
and  of  material  equally  refractory ;  the  spaces 
which  are  left  allow  of  the  passage  of  the  gases 
from  the  furnace.  The  bottom  of  the  kiln  has 
two  oppositely  situated  openings  which  lead  to 
the  passages  where  the  lime  is  withdrawn  (c) ; 
below  these  are  two  hearths  {ajl)  with  gratings 


and  ash-pits.  The  mouth  of  the  kiln  can  be 
closed  hermetically  at  the  end  of  the  operation 
by  means  of  an  iron  cover  (d)  upon  which  is  a 
thick  layer  of  sand  retained  by  a  rim.  Tha 


Fig.  2. 


cover  is  suspended  from  a  cross  beam,  support- 
ing a  roof  which  covers  the  upper  platform  of 
the  kiln,  and  prevents  the  rain  or  snow  from 


Fio.  3. 


lodging  on  and  cooling  the  kiln,  which  would  be 
injurious  to  the  progress  of  the  burning. 

The  cover  may  be  raised  or  lowered  at  will 
by  a  pulley.  The  fuel  used  is  the  most  com- 
bustible kind  of  wood.  This  furnace  is  very 
much  used  in  certain  industries. 

In  termittent  burning  with  a  short  flame. — In 
this  mode  of  lime-burning  the  fuel  and  lime- 
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stone  are  arranged  in  alternate  laj'ers.  Tiirt  [ 
and  coal  are  much  used  for  the  purpose.  At-  | 
tention  must  bo  paid  to  the  packing  of  the  kiln 
so  as  to  admit  of  a  free  passage  of  air  through 
every  part.  Tlic  interior  of  the  kiln  narrows 
towards  the  bottom.  A  charge  is  burnt  in  three 
or  four  days.  When  cool  it  is  removed  from  the 
furnace  in  such  a  manner  as  to  keep  the  ashes 
of  the  fuel  from  the  lime.  The  charge  con- 
tracts very  greatly  as  the  fuel  burns  away, 
hence  the  gradually  diminishing  capacity  of  the 
kiln  towards  the  bottom.  Lime  should  not  be 
burnt  in  this  manner  except  for  agricultural 
purposes,  since  the  ashes  of  the  fuel  impair  the 
quality  of  the  lime. 

Continuotis  hwiiing  with  a  short  flame. — 
The  mixture  of  alternate  laj  crs  of  limestone  and 
fuel  is  more  frequently  applied  to  the  continuous 


Figs.  4  and  5, 

than  to  the  intermittent  system  of  lime-burning. 
The  proportion  of  fuel  to  limestone  in  a  charge 
varies  with  the  nature  of  the  fuel  and  the  size 
of  the  pieces  of  stone,  but  the  average  is  4  parts 
of  stone  to  1  of  fuel.  Coke  is  to  be  preferred  to 
coal,  being  free  from  bituminous  matter  and 
capable  of  furnishing  a  wliite  and  purer  product. 
The  rational  shape  of  a  kiln  is  internally  that 
of  a  reversed  truncated  cone,  or  at  any  rate  some 
form  which  diminishes  regularly,  the  mouth 
being  of  greatest,  and  the  hearth  of  smallest 
diameter.  At  the  lowest  part  of  the  furnace 
there  is  ample  provision  for  removing  the  burnt 
lime. 

Figs.  4  and  5  represent  a  vertical  and  hori- 
zontal section  of  a  kiln  used  in  France  on  the 
Paris  and  Lyons  railway.  The  burnt  lime  is 
withdrawn  by  four  ojienings  (a)  placed  at  the 
opposite  sides  of  the  kiln.  Two  such  kilns,  with 
a  total  capacity  of  34  cubic  metres,  or  1,200 
cubic  feet,  furnish  on  an  average  10  cubic  metres 
of  lime  per  day  or  275  bushels. 


A  much  more  perfect  form  of  kiln  is  that 
of  MM.  I'avin  de  Lafarge  (fig.  0).  The  in- 
terior is  like  a  hollow  spindle,  the  mouth  is 
provided  with  a  cover  which  prevents  loss  of 
heat,  and  the  interference  of  the  draught  by 
gusts  of  wind  is  prevented  by  a  Hue  near  tlie 


Fig.  0. 

mouth,  in  which  a  valve  serves  to  regulate  the 
draught  and  maintain  a  constant  temperature. 
The  bottom  of  the  kiln  is  barred  by  a  grating 
fixed  conically  so  as  to  direct  the  pieces  of  lime 
and  thus  facilitate  their  withdrawal.  The  opening 
to  the  furnace  is  provided  with  a  cast-iron  door, 
which  is  closed  when  work  is  temporarily  sus- 
pended. 

The  average  quantity  of  coal  burnt  is  2  to 
4  loads  for  every  10  of  burnt  lime.  A  load  of 
turf  yields  an  equal  measure  of  lime. 

CoiUintioiis  biirniiig  with  a  long  flame. — 
There  are  several  forms  of  kiln  for  carrying  out 
this  method  ;  the  supply  from  them  is  constant, 
and  may  be  large  in  amount,  and  the  consumption 
c  c 


Fig.  7. 

of  fuel  in  the  best  of  them  is  reduced  to  a  mini- 
mum, while  an  inferior  quality  of  fuel  may  be 
used. 

In  Swann's  kiln  fig.  7  two  rows  of  several 
connected  chambers,  a,  are  so  arranged  that  the 
heat  from  a  fire  passes  from  the  bottom  of  the 
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first  chamber  to  the  top  of  the  next.  The  pas- 
sages (b)  can  be  closed  or  partly  opened  by  valves 
(c)  placed  in  them,  which  are  manipulated  from 
outside.  The  fuel  is  not  mixed  with  the  lime- 
stone, but  burnt  on  a  movable  hearth  kept  in 
constant  motion,  and  self-feeding. 

The  greatest  improvement  in  lime-burning 
consists  in  the  application  of  the  Siemens'  gas- 
producer  to  the  heating  of  limekilns.  F.  Stein- 
mann  was  the  first  who  succeeded  in  this 
direction. 

Figs.  8  and  9  represent  a  vertical  section 


Fig.  8. 

and  plan  of  his  kiln,  a  a  is  the  kiln,  which  is 
of  an  annular  form  ;  bb  is  a  receptacle  for  the 
burnt  lime  ;  g  is  the  gas  producer ;  h,  the  pas- 
sage for  the  gas ;  c  branches  off  the  main 
passage ;  i>,  circular  conduits  by  which  the  gas 
is  distributed  round  the  periphery  of  the  kiln 
after  x^'issing  through  c  ;  o  is  an  opening  for 


Fig.  9. 

withdrawing  the  lime  after  it  has  been  burnt. 
It  has  a  fitting  of  cast-iron  and  a  conical  stopper 
of  fire-clay,  wliich  is  moved  by  a  lever  l,  which 
regulates  the  necessary  admission  of  air  for 
burning  the  gas.  Air  admitted  by  this  opening 
is  heated  by  contact  with  burnt  lime,  which 
mixes  with  the  gas  in  the  conduits  and  causes 
its  combustion.  The  six  doors  k  admit  to  the 
central  space  where  the  limestone  to  be  used  is 
previously  stored. 
YoL.^I.^-r 


Before  filling  the  kiln  every  part  must  be 
dried,  otherwise  it  would  be  impossible  to  light 
the  gas.  After  the  preliminary  drying  the  bottom 
of  the  store  for  lime  is  covered  with  easily  com- 
bustible wood,  and  spread  over  this  is  a  layer  of 
charcoal  or  turf  1  foot  to  18  inches  thick,  after 
which  alternate  layers  of  limestone  and  charcoal 
are  piled  up  to  20  inches  above  where  the  gas 
enters.  From  this  point  upwards  the  space  is 
filled  with  limestone.  Gas  is  next  prepared  in 
the  producer  by  lighting  shavings  and  brushwood 
upon  the  bars,  after  which  the  grate  is  filled  with 
fuel.  When  the  flames  reach  the  openings  c, 
the  gas  is  lighted.    The  first  quantity  of  lime  is 


Fig.  10, 


removed  at  latest  3  hour 
of  gas  from  the  producer, 
are  drawn  at  intervals 
After  each  removal  the 
Before  feeding  the  prod 
at  V  is  closed  to  prevent 
the  stokehole  r. 

A  kiln  heated  by  a  gas-producer,  designed 


s  after  the  introduction 
,  Subsequent  quantities 
of  1,  Ij,  and  8  hours, 
kiln  is  again  filled  up. 
ucer  with  fuel  the  valve 
an  explosion  by  opening 


Fig.  12. 


by  Vigreux  and  Leroy-Dcsclosages,  and  built 
at  Champigny,  is  somewhat  different  in  detail. 
It  is  represented  in  the  figures  10,  11,  and  12. 
The  body  of  the  kiln  is  shaped  like  a  cylinder, 
surmounted  by  a  truncated  cone  (fig.  10).  Its 
interior  lining  k,  fig.  12,  consists  of  blocks  of  com- 
pact limestone,  which  resist  the  action  of  heat, 
and  of  caustic  lime.  The  bottom  of  the  kiln  is 
closed  by  a  double  grating  o,  fig.  10,  access  to  which 
is  obtained  from  tlie  passage  where  the  lime  is  re- 
moved. The  upper  part  is  covered,  n,  and  a 
flue  M  allows  the  escape  of  gas.    The  gas-pro- 

HH 
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ducer  is  far  enough  removed  to  admit  of  the 
cooling  of  the  burnt  lime,  c  is  the  stokehole, 
and  B  an  opening  to  the  hearth.  The  gas  is  led 
by  D  into  a  circular  flue  r,  and  being  distributed 
among  the  different  burners  o  regularly  spaced 
in  the  perimeter  of  the  kiln,  feeds  in  addition 
a  central  hearth  j,  sliaped  like  a  mushroom  and 
pierced  laterally  with  openings  which  correspond 
with  those  of  the  burners.  (See  horizontal  and 
vertical  sections  in  figs.  11  and  12.)  The  central 
hearth  is  sujopiorted  by  an  arch  of  refractory 
brick,  which  rests  against  the  walls  of  the  kiln. 
A  valve  e,  placed  in  the  main  flue  d,  and  other 
valves  H  corresijonding  with  each  burner,  serve 
to  regulate  the  combustion  of  the  gas.  An  in- 
tense and  very  regular  heat  may  be  obtained  by 
this  arrangement. 

The  kiln  at  Champigny  has  a  capacity  of 
10  cubic  metres  or  353  cubic  feet,  and  it  produces 
6  cubic  metres  of  lime  in  the  24  hours,  equal  to 
1C5  bushels. 

There  is  an  average  consumption  of  4  cwt. 
20  lbs.  of  coke  for  each  ton  of  quicklime  (Genie 
Civil,  July,  1882). 

2.  Mortar.  By  the  term  mortar  is  usually 
implied  a  mixture  of  lime  and  sand,  which  dries 
when  exposed  to  the  atmosphere.  It  is  employed 
in  the  cementing  of  brickwork  and  masonry, 
also  for  covering  the  external  walls  of  buildings. 
When  mixed  for  use  it  should  be  of  the  con- 
sistencj'  of  a  soft  paste  which  will  fill  the  inter- 
stices between  building  materials.  It  should 
adhere,  and  in  course  of  time  become  as  hard 
as  stone.  The  durability  and  strength  of  mortar 
depends  upon  the  nature  of  the  lime  and  of  the 
sand  employed  in  the  mixture.  Thus  in  the 
mixing  of  mortar  quicklime  is  slaked  with 
water,  and  in  the  consistency  of  cream  is  mixed 
with  sand,  the  latter  substance  being  added  to 
prevent  the  mass  shrinking  as  it  dries.  If  the 
limestone  consists  chiefly  of  pure  carbonate 
of  lime,  then  the  lime  obtained  therefrom  is 
termed  a  '  fat '  lime  ;  on  the  other  hand,  if  the 
limestone  contains  magnesia,  it  forms  a  thin, 
poor  mixture  with  water,  and  is  termed  a  '  poor  ' 
lime.  With  10  p.c.  of  magnesia  a  lime  is  '  poor,' 
and  with  25  to  30  p.c.  is  almost  useless.  The 
occurrence  of  considerable  quantities  of  mag- 
nesia in  limestone  prevents  it  from  being  satis- 
factorily burnt,  and  accordingly  it  does  not  slake 
properly.  The  best  lime  combines  with  about 
one-third  of  its  volume  of  water,  and  evolves  a 
large  amount  of  heat,  while  it  combines  with 
the  water  to  form  calcium  hydrate.  The  tem- 
perature may  rise  as  high  as  ISO'C,  and  it  is 
always  sullicicnt  to  drive  oiT  a  considerable 
quantity  of  water  as  steam.  Daring  slaking  it 
largely  increases  in  bulk,  and  the  hard  mass  of 
burnt  lime  falls  to  powder.  Should  the  lime- 
stone contain  a  certain  proportion  of  silica  and 
alumina,  these  substances,  when  the  hme  is 
being  burnt  in  a  limekihi,  are  likely  to  combine 
with  some  of  the  lime  to  form  a  slag,  and  fuse 
or  form  a  hard  crust  upon  the  surface  of  the 
lump.  This  covering  then  protects  the  quick- 
lime beneath  the  surface  from  being  acted  upon 
by  water. 

Lime  cream  alone  might  be  used  as  a  cement, 
but  on  account  of  the  shrinkage  which  would 
take  place  its  use  would  be  attended  with  dilh- 
Culty,    This  shrinking  is  observed  when  slaked 


'  lime  is  simply  exposed  to  the  air;  it  is  always 
accompanied  by  the  absorptien  of  carbonic  acid 
and  the  formation  of  a  calcium  carbonate.  Cer- 
tain limestones  which  contain  more  than  10  p.c. 
of  silica  possess  the  property,  when  burnt,  of 
making  a  mortar  which  will  harden  under  water. 
The  lime  obtained  from  such  limestone  is  termed 
hydraulic  lime,  and  mortar  prepared  therefrom 
is  known  as  hydraulic  mortar. 

V-uiiETiES  OF  Sand. 
The  nature  of  the  sand  to  be  used  for  making 
mortar  is  of  some  consequence.  Sand  consists 
of  the  small  particles  of  disintegrated  silicious 
rocks,  and  the  composition  of  these  jiarticles  is 
therefore  much  the  same  as  that  of  the  rocks 
from  which  they  are  derived.  Angular  or 
'  sharp  '  sand  is  to  be  preferred  to  that  which 
consists  of  smooth  round  particles  like  sea- 
sand,  for  the  varieties  resembling  this  latter 
always  yield  a  brittle  mortar.  Again,  the  size 
.  of  the  particles  is  of  much  consequence.  With 
sand  there  is  sometimes  much  dust,  but  dust 
and  sand  may  be  separated  by  washing ;  par- 
ticles so  fine  that  they  render  water  turbid  can- 
not be  considered  as  sand,  for  sand  immediately 
sinks  to  the  bottom  of  the  water,  and,  if  clean, 
does  not  interfere  with  the  transparency  of  the 
water. 

Sand  properly  so-called  may  be  distinguished 
as  coarse  sand  and  fine  saiid.  The  former  con- 
sists of  particles  varying  in  size  from  the  r?i;th 
to  gth  of  an  inch  in  diameter,  fine  sand  from 
jLfh  to  r?.th  of  an  inch.  Sand  should  be  free 
from  clay,  since  this  latter  docs  not  adhere  to 
hme.  Coarse  sand  is  best  suited  for  '  fat '  limes; 
on  the  contrary,  the  finer  kinds  of  sand  are  to 
be  preferred  for  use  with  hydraulic  lime  (p.  464). 

According  to  its  mode  of  occurrence  sand 
suitable  for  making  mortar  may  be  described  as 
being  of  three  distinct  kinds,  namely,  virgin 
sand,  or  such  as  is  obtained  from  rocks  actually 
undergoing  disintegration  ;  fossil  sand,  or  sucli  as 
at  some  previous  geological  period  has  been 
deposited  by  water;  and,  thndly,  river  sand, 
which  is  in  course  of  transmission  from  its 
j  original  source  to  the  sea.  The  first  not  having 
been  acted  upon  by  water  is  frequently  con- 
taminated with  clay;  the  second  is  a  'sharp' 
sand,  whicli,  when  free  from  clay,  is  much  de- 
sired for  building  purposes  ;  the  third  is  gene- 
rally clean,  but  the  particles  are  smooth  and 
rounded  by  the  continual  motion  communicated 
by  the  running  water. 

Sea  sand  is  disadvantageous  on  account  of 
the  deliquescent  salts,  calcium  and  magnesium 
chlorides,  which  accompany  it,  and  which  retain 
or  attract  moisture  to  walls  in  which  it  is  used; 
nevertheless  it  may  be  employed  after  thorough 
washing  in  running  fresh  water  or  after  exiJosure 
to  rain  for  some  mouths. 

The  Slaking  of  Li5in. 
The  slaking  of  lime  may  be  so  conducted 
as  to  produce  a  paste  or  to  obtain  a  dry  hyihate. 
To  obtain  a  paste,  lumps  of  lime  are  placed  in 
a  pool  of  water  12  to  18  inches  deep,  much  of 
the  water  is  soaked  up  by  the  lumps  which  are 
not  immersed  completely  ;  soon  the  masses 
begin  to  move  and  with  noise  to  split,  at  the 
same  time  a  small  quantity  of  steam  rises. 
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which  increases  until  the  whole  crumbles  to 
powder.  At  the  close  of  twenty-four  hours 
hydration  is  complete,  and  a  homogeneous  paste 
is  obtained  fit  to  be  mixed  with  sand. 

To  obtain  a  dry  hydrate.  The  lime  may  be 
slaked  to  powder  in  three  different  ways  : 

1.  By  immersion  or  soaking  in  water  and  re- 
moval therefrom. 

2.  By  sprinkling  with  water. 

3.  By  spontaneous  hydration  caused  by  at- 
mospheric moisture. 

1.  Lime,  in  pieces  the  size  of  an  egg,  is 
placed  in  a  basket  of  wickerwork  or  hoop  iron, 
and  is  immersed  in  water  for  one  or  two  minutes 
until  hydration  has  well  commenced,  when 
it  is  withdrawn.  The  combination  of  water 
with  the  hme  continues  until  the  mass  falls  to 
powder,  expelling  a  good  deal  of  steam.  Before 
the  lime  falls  to  pieces  it  should  be  quickly 
heaped  together,  or  emptied  into  casks  or  bins 
and  covered  up,  in  order  to  concentrate  the  heat 
and  ijrevent  tire  escape  of  vapour.  It  swells, 
cracks,  and  becomes  reduced  to  a  fine  powder. 
It  is  obvious  that  this  method  must  be  carefully 
carried  out  if  a  dry  jjowder  is  to  be  obtained. 

"2.  If  lumps  of  lime  placed  in  heaps  are 
watered  at  intervals,  so  that  the  mass  is  equally 
moistened  all  through,  the  slaking  proceeds  as 
in  the  previous  case,  but  with  greater  regularity. 

'6.  If  lime  in  pieces  of  the  size  of  an  egg  is 
exposed  to  the  air  for  not  less  than  three 
months  it  will  fall  into  powder  consisting  of  a 
calcium  hydrated  subcarbonate.  The  water  con- 
tained therein  amounts  to  from  10  to  11  p.c. 
This  means  of  slaking  is  applicable  only  to 
'  fat '  limes. 

The  increase  of  volume  of  lime  during  slak- 
ing is  considerable,  as  shown  by  tiie  following 
statement,  which  applies  to  '  fat '  limes  only. 

100  volumes  of  qiiicklime  yield  of  slaked  lime. 

'Fat'  lime     Hydraulic  lime 
By  slaking  to  paste,  250  to  300,  140  to  175  vols. 

to  powder,      230,      130  to  150  „ 
„        spontaneously,  200,  112  to  140  „ 


It  is  of  considerable  importance  that  the 
water  used  for  slaking  lime  and  mixing  mortar 
be  free  from  saline  matter.  Eiver  water  is  to  be 
preferred.  Water  containing  calcium  sulphate 
in  solution  is  injurious  to  the  quality  of  mortar 
and  retards  its  setting.  Sea  water,  which  of 
course  is  strongly  charged  with  chlorides,  with 
calcium  and  magnesium  sulphates,  is  .stated  by 
Chatoney  to  retard  the  setting  of  the  mortar. 
According  to  F6burier,  sea  water  does  not  affect 
the  hardening  of  mortar.  There  can,  how- 
ever, be  no  doubt  that  its  use  is  undesirable  for 
dwelling-houses,  since  the  salts  which  remain 
in  the  mortar  are  deliquescent;  they  attract 
moisture,  cover  the  joints  between  brick  and 
plaster  on  walls  with  an  efflorescence,  and  render 
dwellings  unhealthy.  On  the  other  hand,  for 
hydraulic  mortars,  sea  water  was  used  by 
Smeaton  for  the  old  Eddystone  lighthouse  and 
for  many  works  afterwards,  in  preference  to 
fresh  water.  It  has  been  employed  upon  im- 
portant works  at  Flushing,  and  also  by  General 
Michaud  in  the  Isle  of  Elba,  in  each  case  with 
advantageous  results. 

Mortar  of  the  Ancients. 

The  earliest  examples  of  the  employment  of 
mortar  in  masonry  are  presented  by  the  pyramids 
of  Egypt.  An  examination  of  the  mortar  lying 
between  the  stones  of  the  pyramid  of  Cheops 
has  shown  it  to  be  identical  with  that  in  use  in 
Europe  at  the  present  day,  although  its  prepara- 
tion must  have  taken  place  more  than  two  thou- 
sand years  before  the  Christian  era  (Vicat, 
Traite  theorique  et  i^ratique  de  la  composition 
des  mortiers  et  cimeuts). 

Several  analyses  of  ancient  mortars  have 
been  made  by  Wallace,  and  the  facts  to  be  de- 
duced from  the  results  are  interesting  and  im- 
portant. The  figures  are  given  in  the  following 
table. 

It  will  be  observed  that  the  carbonic  acid 
estimated  in  the  first  six  mortars  corresponds 
with  the  amount  necessary  for  the  complete 
neutralisation  of  the  lime  and  magnesia.  In 


Analyses  of  Ancient  Mortars  {W.  Wallace). 
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CaO 
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MgO 

acid 
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H^O 

1.  F/wnician  Jforlar-s. 

Ruins  of  a  tomple  at 

Larnaca,  Cypnis 

lG-20 

2-lG 

26- jO 

28-03 

0-00 

0-07 

U-21 

20-23 

0-5G 

0-54 

100-23 

Mortar  forming  the 

joints  of    a  bnried 

■watereourse  at  Lar- 

naca .... 

0-OG 

0-40 

51-5S 

0-70 

0-82 

40-60 

0-24 

3-09 

08-39 

~.  Greek  Mortars. 

llortai- exposed  to  the 

nir,  taken  from  the 
Pnyx,  Athens  . 

12-06 

2-64 

J5-70 

0-02 

1-0 

37-0 

0-3G 

99-68 

From  the  interiorot  a 

temple  at  Athens 

3-00 

0-S)8 

40-65 

0-82 

1  00 

1-04 

38-33 

3-07 

98-88 

3.  Romnn  Morfnrs. 

Villa  Adrian,  Tivoll  . 

41'10 

14-70 

15-50 

4-92 

0-30 

llSii 

1-01 

2-12 

2-28 

5-20 

98-73 

Wall  plaster  at  Hercu- 

laneum  exposed  to 

the  action  of  warm 

water 

33-30 

2-SG 

20-88 

2-32 

0-25 

23-80 

3-40 

3-49 

1-50 

1-0 

101-86 

R'  of  of    the  Latin 

tombs,  Rome 

3«-2G 

lG-30 

10-71 

1-23 

0-71 

lo-Cl 

Not 

8-20 

Mosaic  on  the  floor  of 

esti- 

the Bath  of  Caracalla, 

mated 

Rome 

30-21 

10-64 

25-10 

3-67 

0-00 

17-97 

2-48 

5-50 
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the  two  last  specimens  only  is  the  quantity  of 
carbonic  acid  insufficient  to  carbonate  the  whole 
of  the  lime  and  magnesia.  Either  some  of  the 
lime  has  remained  caustic  or  part  of  the  lime 
has  entered  into  combination  with  the  alimiiniuiu 
silicate. 

TaE  Cause  of  the  Setttn-o  and  Hajidenino 
or  MoiiTAH. 

When  exposed  to  the  air  mortar  sets  some 
days  after  use.  It  can  then  resist  the  pressure 
of  the  fingers.  The  hardening  follows  the 
setting,  but  takes  ijlaco  much  more  slowly. 
It  has  been  found  in  some  cases  after  the 
lapse  of  centuries  that  mortar  has  not  com- 
pletely hardened.  Tlic  cause  of  the  setting  of 
mortar  is  a  process  of  drying  by  exposure  to  the 
air  ;  on  the  other  hand,  hardening  is  due  to  aa 
absorption  of  carbonic  acid,  which  converts  the 
calcium  hydrate  into  calcium  carbonate.  Wet 
mortar  does  not  absorb  carbonic  acid  readily,  it 
is  only  after  it  has  set,  that  is,  dried,  that  car- 
bonation  ensues.  The  process  commences  at 
the  surface  and  passes  to  the  interior  of  the 
mass. 

If  some  fresh  mortar  be  placed  in  a  glass 
tube  and  carbonic  acid  be  passed  in  for  several 
days,  it  will  be  found  that  very  little  has  been 
absorbed  ;  the  mortar  has  retained  its  condition 
of  a  wet  paste.  If  plates  of  the  same  mortar  be 
exposed  to  the  air  during  the  same  time  they 
harden  and  absorb  a  much  greater  proportion  of 
carbonic  acid. 

Plates  of  fresh  mortar  suspended  in  an  at- 
mosphere of  carbonic  acid  are  found  after  eight 
days  to  be  as  soft  as  at  first,  and  to  have  ab- 
sorbed less  than  1  p.c.  of  their  weight  of  car- 
bonic acid.  But  if  they  be  placed  in  a  vessel 
containing  a  jar  of  sulphuric  acid  so  as  to  hasten 
the  drying  of  the  mortar,  it  is  found  that  they 
gain  as  much  as  14  p.c.  of  carbonic  acid  in  a 
single  day.  Mortar  behaves  in  a  similar  manner 
if  moistened  with  a  solution  of  ammonium  car- 
bonate. When  fresh  it  does  not  harden,  neither 
does  it  absorb  carbonic  acid ;  but  after  it  has 
once  set  it  becomes  very  hard,  and  the  absorp- 
tion of  carbonic  acid  is  very  considerable. 

On  the  other  hand,  mortar  which  is  dried 
artificially  as  completely  as  possible,  yields  a 
compact  mass  which  is  very  friable,  and  which 
neither  absorbs  carbonic  acid  nor  hardens.  It 
follows  from  these  facts  that  the  hardening  of 
mortar  is  intimately  connected  with  the  presence 
of  moisture. 

A  slow  drying,  after  setting,  favours  the  con- 
version of  calcium  hydrate  into  calcium  car- 
bonate ;  then  during  the  hardening  the  particles 
which  are  first  solidified  soak  up  a  solution  of 
calcium  hydrate  which,  by  gradual  evaporation, 
deposits  tho  lime  which  it  contains,  and  this 
binds  the  former  particles  together  with  a  solidity 
which  increases  with  the  slowness  of  the  deposit. 
The  gradual  deposition  of  calcium  hydrate  is 
favourable  to  its  being  acted  upon  by  carbonic 
acid  and  its  conversion  into  calcium  carbonate. 
It  will  thus  be  perceived  that  the  process  is 
somewhat  similar  to  the  action  of  petrifying 
waters  in  wliich  calcium  carbonate  is  dissolved 
by  carl)onic  acid,  and,  as  this  escapes,  a  hard 
coherent  crust  of  calcium  carbonate  is  deposited. 


0-59 


001 
006 


410 
0-CO 


0G6 


The  admixture  of  sand  is  not  an  essential 
condition  of  hardening,  though  it  greatly  facili- 
tates it  by  rendering  the  mass  more  porous  and 
more  easily  accessible  to  the  carbonic  acid  in 
the  air. 

Although  lime  generally  appears  to  be  with- 
out chemical  action  upon  sand,  nevertheless 
Petzholdt  has  found  2-1  p.c.  of  combined  silica 
in  a  mortar  one  hundred  years  old,  and  (V2  p.c. 
in  mortar  three  hundred  years  old,  wliilo  the 
lime  used  for  the  mortar  contained  uo  more 
than  0-11  p.c. 

Petzholdt,  by  taking  a  pure  lime  burnt  from 
Carrara  marble,  mixed  with  (a)  artificial  silica 
previously  ignited,  with  (fc)  powdered  quartz  well 
washed,  and  with  (c)  white  sand,  showed  that 
silica  entered  into  combination  with  the  lime. 
Thus  :— 

Composition  of  mortar    Ti'L'lf  f  ^"7^  f '""l 

After  1  week  After  5  weeks 

Mixture  of  'fat'  lime  and 

calcined  silica  (a)  .  .  / 
Mixture  of  'fat'  lime  and\^ 

powdered  quartz  (b)  .  j 
Mixture  of  '  fat '  lime  and  1 

white  sand  (c)  .  .  ./ 
Eaoult  has  shown  that  the  basic  carbonates 
of  lime  have  the  property  of  hardening  with 
water.  If,  then,  we  have  a  deposition  of  calcium 
hydrate  upon  the  particles  of  sand  in  mortar 
taking  place  by  evaporation,  we  may  have  tlie 
formation  from  this  of  a  basic  carbonate  which 
will  harden  with  the  water  set  at  liberty  during 
carbonation.  Thus  it  will  be  seen  that  the  hard- 
ness of  mortar  which  is  not  completely  car- 
bonated may  be  accounted  for.  The  researches 
of  Brigadier-General  Q.  A.  Gilmore,  A.M.,  of  the 
United  States,  confirm  the  conclusion  arrived  at 
by  G.  Eobertson — '  The  depth  to  which  car- 
bonic acid  is  absorbed  into  mortar  in  a  given 
time,  and,  to  a  certain  extent,  the  induration 
from  that  cause,  varies  i/ivcrselij  with  tho 
hydraulic  properties  of  the  lime,  which  depend 
upon  the  silica,  contained  in  it.' 

3.  Plaster  of  Paris.  Plaster  of  Paris  is  gyp- 
sum partially  deprived  of  water  by  heat.  When 
again  mixed  with  water  it  slakes  and  evolves  a 
considerable  amount  of  heat;  at  the  same  time 
it  increases  in  bulk  and  eventually  forms  a  hard 
mass,  whicli  is  more  or  less  dry  but  is  always 
porous.  According  to  Claudel  and  Laroiiue  a 
cubic  metre  of  plaster  in  powder  becomes  I'lSm. 
when  it  sets.  The  facility  with  which  it  sets,  its 
whiteness,  hardness,  and  porosity  make  it  appli- 
cable to  a  number  of  useful  purposes.  It  was 
used  to  some  extent  for  building  purposes  by  the 
ancient  Egyptians,  as  is  evident  from  tlie  analy.scs 
of  Dr.  W.  Wallace  of  a  specimen  of  islaster  from 
the  pyramid  of  Cheops. 

Analyses  of  Plaster  from  the  Pyramid  of 
CheojJS. 


No.  10. 

No.  11. 

From  the  From  the 

iiiti'iior. 

exterior. 

Hydrated  calcium  sulphate  . 

81-r)0 

82-89 

Silicic  acid  .       .       .  . 

5-80 

4-30 

Calcium  carbonate 

9-47 

9-80 

Alumina     .       .       .  . 

2-41 

.3-00 

Ferric  oxide 

0-2-5 

0-21 

Magnesium  carbonate . 

0-.59 

0-79 

■Total  .       .       .  . 

99-52' 

100-99 
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It  is  largely  used  in  Paris  for  buiUliiig  pur- 
poses and  for  the  execution  of  decorative  plaster 
work,  for  taldng  casts  of  statuary,  of  the  human 
figure  before  and  after  death,  for  making  moulds 
for  pottery,  and  making  rigid  surgical  bandages. 
When  mixed,  or  'tempered  '  as  it  is  termed,  for 
use  with  a  trowel,  much  less  water  is  required 
than  when  it  is  employed  in  a  Huid  state  for 
taking  casts.  The  trowels  used  are  of  copper, 
for  iron  is  very  readily  corroded  by  plaster,  and, 
moreover,  the  material  adheres  very  persistently 
to  the  metal.  In  order  to  temper  plaster  for 
taking  a  cast,  the  powder  is  sprinkled  little 
by  little  upon  the  surface  of  a  considerable 
quantity  of  water  ;  it  soon  becomes  thoroughly 
wetted  and  sinks  to  the  bottom.  No  more  is 
added  until  the  first  layer  has  sunk.  When  the 
whole  of  the  powder  has  been  thus  moistened, 
the  milky  liquid  is  poured  off  from  the  pappy 
material  below,  and  this  is  poured  into_  tlie 
mould.  By  proceeding  thus,  a  small  quantity  is 
lost,  but  the  plaster  is  of  uniform  consistency 
ai  d  free  from  air-bubbles,  so  that  the  cast  is 
thoroughly  sound. 

The  Bukning  of  Plaster  of  PAras. 
Historical  notes.— The  phenomena  attendant 
upon  the  baking  and  hardening  of  plaster  of 
Paris  were  first  studied  by  Lavoisier,  who  was  no 
more  than  twenty-one  years  of  age  when  his  first 
very  remarkable  memoir  on  the  subject  was  pub- 
lished,   lu  the  Comptes  Eendus  of  February  17, 
1705,  there  appears  a  short  note  containing  a 
passage  of  which  the  following  is  a  translation  : 
'After  having  removed  the  water  of  hydration 
from  gypsum  by  heat,  if  it  be  presented  to  it 
again  (this  is  commonly  known  as  the  mixing 
or  tempering  of  plaster),  it  takes  it  back  with 
avidity,  it  suddenly  assumes  a  state  of  irregular 
crystalUsation,  and  the  small  crystals  which 
form  become  confused  with  each  other,  the  result 
being  a  very  hard  mass.'    Lavoisier  discovered 
that  baking  at  too  high  a  temperature  removed 
from  plaster  its  peculiar  property  of  setting  from 
a  consistency  of  cream  to  a  hard  mass,  and  he 
signalised  an  important  detail  in  the  baking  of 
plaster  which  has  escaped  authors  who  have  since 
written  on  the  subject.    Water  is  removed  from 
gypsum  at  two  stages  ;  the  first  three  quarters  of 
combined  water  are  much  more  easily  removed 
than  the  remainder.    According  to  Zeidler  gyp- 
sum or  plaster  commonly  employed  in  stucco 
work  is  not  anhydrous,  but  contains  5-27  p.c.  of 
water ;  Berthier  stated  it  to  be  from  4  to  8  p.c. 
and  Landrin  by  recent  researches  has  confirmed 
these  statements.     About  1830  Payen  found 
that  when  heated  in  air,  plaster  began  to  lose 
water  at  115°C.  and  its  loss  increased  more  and 
more  rapidly  as  the  temperature  rose.    If  heated 
above  204°C.  gypsum  becomes  '  over-burnt '  and 
loses  its  value  as  plaster,  since  it  refuses  to  set 
when  mixed  with  water. 

GyiJsum  or  natural  hydrated  calcium  sulphate 
is  burnt  for  the  purpose  of  removing  only  so 
much  of  the  water  as  will  yield  a  plaster  capable 
of  readily  combiumg  with  water  again  when 
mixed  therewith. 

The  mode  of  its  preparation  affects  in  a  great 
measure  the  qualities  of  the  plaster  ;  the  choice 
of  the  stone  is  of  importance,  the  hea,vier  and 
denser  varieties  yielding  the  best  material. 


Small  quantities  of  gypsum  may  be  burnt  to 
plaster  by  heating  in  an  iron  pot  over  a  fire 
until  water  no  longer  condenses  on  a  cold  plate 
held  over  the  pot. 

In  large  quantities  gypsum  is  burnt  in  an 
oven  or  kihi,  the  precaution  being  taken  that 
the  fuel  shall  not  come  into  contact  with  the 
calcium  sulphate  in  such  a  manner  as  to  cause 


Fig.  13. 

its  reduction  to  sulphide  according  to  the  equa- 
tion CaSO,  +  40  =  CaS  +  4C0. 

Of  gypsum  kilns  the  simplest  form,  most 
usually  employed,  consists  of  a  chamber  built  of 
strong  masonry,  the  roof  being  a  flat  arch  with 
openings  for  the  escape  of  steam  and  products 
of  combustion.    Fires  of  brushwood  are  lighted 


^  'ilwiHtMiiiTOmwn-iwtit'  rnwmniwniHniili 


Fig.  14. 

in  a  series  of  small  arched  fire-places,  the  arches 
being  3  feet  above  the  floor.  Tlie  gypsurn, 
broken  into  lumps  about  the  size  of  an  egg,  is 
piled  above  these  arches  half  way  towards  the 
roof.  The  whole  structure  is  covered  by  a  tiled 
shed.    See  figs.  13  and  14. 

The  equal  heating  of  all  parts  of  the  material 
is  a  point  to  be  carefully  attended  to.  The 
form  of  kiln  used  at  Montmartrn  for  burning 
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Paris  gypsum  is  shown  in  fig.  15.  e  is  the 
fire-place  with  an  open  arch  of  refractory  fii-e- 
brick,  L  is  the  door  for  drawing  the  charge. 

Scaaegatty's  kiln  is  of  improved  construction. 
A  domed  chamber  is  divided  unequally  by  an 
arch  springing  from  about  a  foot  above  the 
floor.   The  gypsum  is  placed  in  the  upper  part 


Fig.  15. 


of  the  chamber.  The  space  beneath  the  arch  is 
in  connection  with  the  flue  of  a  furnace,  the 
flames  from  which  are  driven  by  the  draught  on 
to  the  under  surface  of  the  arch,  through  open- 
ings in  which  the  hot  air  and  products  of  com- 
bustion pass  into  the  upper  half  of  the  chamber 


Lha.  16. 


charged  with  gypsum,  and  finally  escape  from 
openings  in  the  top  of  the  dome.  See  figs.  16 
and  17. 

The  cliemistry  of  the  process. — Payen  by  ex- 
perimenting upon  large  quantities  of  gypsum 
made  the  following  observations : — 

1.  The  lowest  temperature  at  which  gypsum 
can  he  burnt  is  80"C.  and  a  long  time  is  required 
to  obtain  plaster  therefrom  under  this  condition. 


2.  A  temperature  of  110°  to  120°C.  yields  the 
best  preparation  for  technical  purposes. 

3.  In  order  that  gypsum  may  be  burnt 
equally  all  through  it  should  be  reduced  to 
powder  or  be  broken  into  small  pieces. 

M.  le  Chateher,  in  a  work  published  in 
1887,  quotes  Payen's  statement  of  the  most 
suitable  temperature,  and  points  out  that  dif- 
ferent authors  have  not  been  in  accord  in  their 
recommendations,  which  embrace  temperatures 
varying  from  110°  to  300°C. 

To  investigate  the  matter  thoroughly  he 
heated  small  quantities  of  gypsum  in  tubes 
placed  in  a  parathn  bath  heated  gradually  and 
progressively.   A  thermometer  placed  in  the 


Fig.  17. 


powdered  grpsum  marked  its  temperature  and 
each  successive  rise  of  the  mercury  on  the  scale 
was  registered  by  a  chronograph.  When  a  pro- 
cess of  dehydration  took  place  the  mercury 
halted  owing  to  the  absorption  of  heat  due  to 
chemical  change.  In  a  rise  from  100°  to  200° 
the  mercury  halted  for  two  intervals.  The  first 
halt  occurred  at  a  temperature  of  128^,  the  second 
at  1G3^C.  ^Yhile  absorption  of  heat  during  the 
former  interval  is  undoubtedly  due  to  dehydra- 
tion, the  second  might  be  caused  by  a  purely 
physical  change  in  an  anhydrous  compound. 
The  temperature  showed  that  these  changes 
were  unequally  marked  in  degree ;  hence  it 
became  necessary  to  settle  the  question  by  de- 
termining the  loss  of  weight  at  or  about  the  two 
temiicratures. 

The  result  proved  that  dehydration  is  in- 
complete at  165°,  and  that  it  is  complete  at 
1',)  t°C.  The  quantity  of  water  contained  in  pure 
gypsum  CaS04.2H.O  is  '21-1  p.c.  The  two  periods 
when  a  halt  is  made  in  the  temperature  curve 
correspond  to  two  distinct  phases  of  hydration. 
The  quantity  of  wateriest  during  the  first  phase 
is  perfectly  definite,  and  corresponds  to  tlie 
formation  of  a  hydrate  with  the  composition 
ilc  iioted  by  (CaSOJ^.H^O.  It  contains  G-2  p.c.  of 
water.  The  halting  point  marks  the  pa -sage 
to  the  higher  range  of  temperature  nolifijd  by 
Lavoisier  as  necessary  for  the  expulsion  of  the 
last  fourth  of  the  water  of  hydration.  The 
proportions  of  water  found  by  Landrin  and  by 
Zeidler  in  good  plaster— namely,  7  and  5"27  p.c. 
respectively,  differ  but  little  from  the  theoretical 
quantity,  which  is  6'2  p.c.  It  now  became  ne- 
cessary to  determine  whether  plaster  is  a  chemi- 
cal compound  or  a  mixture  of  anhydrous  calcium 
sulphate  with  the  sulphate  containing  twc 
molecules  of  water. 
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A  saturated  solution  of  calcium  sulphate,  if 
heated  in  a  sealed  tube  to  a  temperature  lying 
between  130° and  150°C.,  yields  extremely  delicate 
long  rectangular  prisms. 

By  taking  an  excess  of  gypsum  mixed  with 
water  a  larger  yield  of  these  crystals  is  obtained. 
The  tube  was  broken  while  yet  warm,  the  water 
for  the  most  part  evaporated,  and  the  crystals 
were  thrown  into  alcohol  to  prevent  their  com- 
bination with  more  water.  The  analysis  of 
these  crystals  yielded — 

Coiiijiosifioii  of  Plaster  of  Paris. 

Vunnd      Calculated  for  (CaSO,).JT,0 

Water     .     G-7  G-2  per  cent. 

CaSOj     .    93-3  93-8 

100-0  100  0 

The  compound,  therefore,  possesses  the  com- 
position (CaSO,),_.Hp. 

The  same  hydrate  is  found  in  boilers  fed 
with  sea  water,  as  shown  by  the  following 
figuref  : 

Analysis  of  a  Boiler  Incrustation  from  a  Trans- 
atlantic steamer. 

Per  ceut. 

CaOCOj  0-3 

Fe.Oj  20 

HO   6-8 

CaSO^        .....  91-9 

100-0 

The  temperature  at  which  this  compound  is 
completely  dehydrated  lies  between  100°  and 
170°C.  Broken  up  and  mixed  with  water  it 
hydrates  and  hardens. 

It  has  thus  been  demonstrated  that  ordinary 
pure  plaster  of  Paris  of  good  quality  is  not 
anhydrous  calcium  sulphate,  as  hitherto  con- 
sidered, but  a  definite  hydrate  (CaS0J..2H^0. 

It  has  been  shown  by  Debray,  by  experiments 
on  hydrated  salts,  that  their  decomjjosition  is 
limited  to  a  given  temperature  by  a  definite 
vapour  tension,  and  that  the  different  hydrates 
of  the  same  salt  are  characterised  by  different 
tensions  at  the  same  temperature.  It  was 
therefore  concluded  that  the  temperatures  of 
decomposition  of  the  two  hydrates  of  calcium 
sulphate  would  be  precisely  those  for  which 
their  vapour  tensions  are  equal  at  atmospheric 
pressure,  and  consequently  the  temperature  of 
decomposition  would  be  lowered  by  diminishing 
the  pressure.  Experiment  gave  facts  directly 
contradictory  to  these  views,  and,  indeed,  piroved 
that  the  temperature  of  decomposition  is  com- 
pletely independent  of  pressure.  It  follows, 
therefore,  that  the  phenomenon  of  two  stages  of 
dehydration  in  this  case  is  not  one  of  dissocia- 
tion. The  teiiiperature  of  dehydration  was 
found  to  vary  with  r.apidity  of  heating,  and  when 
operating  on  a  large  scale,  Lacauchie, 
director  of  the  plaster  works  at  Argenteuil, 
gave  the  number  125°,  which  differs  very  little 
from  that  of  Le  Chatelier— namely,  12.S°C. 

It  is  now  ascertained  that  the  temperature 
for  baking  gypsum  differs  from  its  temperature 
of  dissociation,  being  always  higher,  that  it  is 
independent  of  pressure,  that  it  is  not  theoreti- 
cally capable  of  any  precise  definition,  but  that 


it  varies  within  small  limits  and  lies  between 
120'  and  130°C. 

On  the  Setting  or  Plaster  of  Paris. 
As  Lavoisier  stated,  plaster  of  Paris  which 
has  been  baked  recombines  with  water  when 
mixed  therewith.  The  quantity  of  water 
added  influences  the  setting  of  the  plaster,  but 
even  a  large  excess  does  not  prevent  it.  A 
mixture  of  no  considerable  consistency  will 
harden  in  time  if  the  plaster  is  good,  the 
hardened  mass  becoming  more  porous  than  if 
mixed  with  a  smaller  proportion  of  water.  It  is 
generally  admitted  that  when  plaster  sets  there 
is  not  merely  a  process  of  hydration,  but  also  a 
crystallisation  of  the  hydrate.  As  the  quantity 
of  water,  or  more  properly,  of  aqueous  solution, 
in  which  the  crystals  can  form  is  limited,  the 
crystals  interfere  with  each  other  and  interlace, 
forming  a  confused  mass.  This  account  of  the 
phenomenon  is,  however,  incomplete,  inasmuch 
as  it  accounts  neither  for  the  mass  crystallising 
nor  for  the  hardening  of  such  a  mass  of  crystals. 
Landrin  (Annales  de  Physique  et  de  Chimie,  5th 
scries,  3,  441)  has  studied  the  question  of 
the  setting  of  plaster  by  the  aid  of  the  micro- 
scope, and  his  views  may  be  summarised  thus  : 
1.  Burnt  plaster  in  contact  with  water  becomes 
converted  into  a  crystalline  hydrate ;  2.  Water 
which  surrounds  the  crystals  dissolves  a  certain 
proportion  of  the  hydrated  calcium  sulphate; 
3.  The  heat  of  chemical  combination  which 
yields  the  crystalline  hydrate  evaporates  a  por- 
tion of  the  water ;  a  crystal  is  then  formed, 
which  determines  the  crystallisation  of  the  whole 
of  the  dissolved  sulphate.  It  may  be  remarked 
that  for  this  action  to  take  place  it  is  necessary 
for  the  solution  of  calcium  sulphate  to  be  in  a 
condition  of  supersaturation  ;  a  crystal  of  the 
hydrated  salt  would  then  act  in  the  same  way  as 
a  crystal  of  sodium  sulphate  containing  10 
molecules  of  water  when  dropped  into  a 
supersaturated  solution  of  the  same  salt.  A 
sudden  change  from  the  liquid  to  the  solid  state 
occurs. 

Now  this  theory  renders  evaporation  an  in- 
dispensable condition  to  the  setting  of  plaster. 

Le  Chatelier  (Recherches  Experimental es 
sur  la  Constitution  des  Mortiers  Hydrauliquos) 
recognises  this  point,  and  demonstrates  the  in- 
accuracy of  such  a  theory  by  placing  plaster 
mixed  with  water  in  a  flask  which,  being 
hermetically  sealed,  admits  of  no  evaporation. 
Nevertheless,  the  plaster  sets  as  readily  as  if 
exposed  freely  to  the  air.  He  further  remarks 
that  the  quantity  of  plaster  which  could  thus 
crystallise  by  evaporation  is  a  negligible 
quantity  of  the  whole  mass  which  sets. 

Le  Chatelier's  views  are  as  follows : 

The  chemistry  of  hydration  being  ex^jressed 
by  the  equation 

(CaSOj),.H,0  +  Slip  =  2(CaSO,.2H,0), 

it  appears  from  an  experiment  made  by  Marignac 
that  the  compound  (CaS0,)2.H,0  dissolves  when 
shaken  up  with  water  and  forms  a  clear  solu- 
tion, which  after  a  short  interval  becomes  tur- 
bid and  deposits  crystals  with  the  composition 
CaS0,.2H^,0.  The  solution  at  first  formed  is 
five  times  as  strong  as  that  made  from  tlie 
dehydrated  sulphate ;   it  appears,  then,  that 
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■what  immediately  enters  into  solution  is  the 
compound  (CaSOJ.„R,0— it  becomes  hydrated, 
its  solubility  is  then  diminished,  and  the  solu- 
tion becomes  supersaturated  with  the  salt 
CaS04.2H.,0.  When  the  supersaturated  solu- 
tion has  deposited  its  excess  of  crystals  it  dis- 
solves more  of  the  plaster  (CaS04)._.H-.0,  and 
this  after  hydration  is  deposited  in  the  same 
manner  as  the  former  quantity.  The  process 
is  then  repeated  and  continued  until  every  par- 
ticle of  plaster  has  passed  through  the  changes 
of  solution,  hydration,  and  crystalhsation.  When 
hydration  is  very  slow  the  supersaturation  is 
feeble  ;  when  it  is  rapid,  supersaturation,  on  the 
contrary,  is  considerable. 

If  this  explanation  is  correct,  the  points 
■where  crystals  are  formed  are  not  necessarily 
where  the  solution  is  in  contact  with  grains  of 
plaster ;  and  it  is  a  fact  that  while  plaster  of 
Paris  is  setting  under  the  microscope  large 
needle-shaped  crystals  are  seen  to  grow  out  of 
clear  spaces  filled  with  liquid,  hence  the  plaster 
must  have  entered  into  solution  before  it  became 
hydrated.  An  analogous  case  of  solution  of  a 
dehydrated  salt,  followed  by  hydration,  super- 
saturation,  and  crystallisation,  causing  the 
formation  of  a  hard  mass,  is  afforded  by  several 
very  soluble  substances.  De  Coppet  (C.  E.  73, 
1324)  has  shown  that  anhydrous  sodium  sul- 
phate yields  solutions  which  are  highly  super- 
saturated even  when  care  is  exercised  to  prevent 
any  rise  of  temperature  in  the  liquid  (Le  Cha- 
teher.  I.e.  18).  If  a  tube,  about  half  an  inch 
in  bore  and  a  foot  long,  be  divided  into  an 
upper  and  a  lower  half,  by  placing  within  it 
a  screen  of  wire-gauze,  it  may  be  filled  witli 
water,  and  the  upper  division  charged  with 
pieces  of  fused  sodium  sulphate  the  size  of 
peas,  wliich  remain  suspended  in  the  liquid. 
To  prevent  rise  of  temperature  the  tube  is  im- 
mersed in  water,  and  after  some  hours  the 
hydrate  NajSOj.lOH.O  is  deposited  in  crystals  at 
the  bottom  of  the  clear  solution,  and  these 
crystals  grow  until  the  tube  is  entirely  filled 
with  a  hard  mass. 

That  crystals  in  the  form  of  delicate  prisms 
are  produced  in  the  setting  of  plaster  has  been 
proved  in  many  ways.  1.  They  liave  been  ob- 
served under  tlie  microscope.  2.  Plaster  mixed 
with  water  containing  alcohol  sets  so  slowly  that 
they  are  easily  observed  during  formation.  3. 
Plaster  mixed  with  potassium  sulphate  forms 
long  prisms  during  setting,  which  are  easily 
visible  to  the  unaided  eye. 

Plaster  contains  7  to  8p.c.  of  combined  water, 
and  the  proper  quantity  of  water  required  to 
make  plaster  set  properly  may  be  calculated  from 
the  foregoing  equation  as  about  13  parts  for  100 
of  ordinary  plaster ;  if  the  quantity  taken  be  so 
small  as  even  33  parts  for  100  of  plaster  the  set- 
ting follows  so  rapidly,  almost  instantaneously, 
that  it  is  useless.  That  is  to  say,  it  is  necessary 
to  add  at  least  more  than  20  p.c.  over  the 
calculated  amount  because  the  plaster  itself  is 
porous  and  it  dries  rapidly. 

If  gypsum  be  over  burnt,  that  is  to  say,  dehy- 
drated completely,  it  will  not  set  in  the  usual 
manner  when  mixed  with  the  proper  quantity  of 
water.  Landrin  has  shown  that  if  a  minimum  of 
water  be  used,  say  33  p.c,  then  the  plaster  will  set 
to  unusual  hardness  after  a  lapse  of  some  twelve 


hours.  If  over-burnt  plaster  be  exposed  to  the 
air  it  absorbs  8  p.c.  of  water  very  rai)idly,  but 
further  hydration  proceeds  very  slowly.  Such 
plaster  when  properly  mixed  with  water  sets 
slowly,  but  with  a  normal  hardness. 

These  facts  are  readily  understood  when  we 
consider  that  the  compound  (CaSO,)._,.H;0  is  the 
only  calcium  sulphate  which  sets  properly.  It 
is  evident  that  the  mode  of  crystallisation  which 
occurs  in  the  setting  of  plaster  must  influence  its 
hardness.  Le  Chatelier  states  that  the  crystals 
which  form  are  frequently,  if  not  always,  little 
delicate  prisms  united  by  one  of  their  ends  round 
central  points  so  as  to  build  little  spherical  con- 
cretions. Le  Chatelier  considers  that  the  me- 
chanics of  hardening  of  mortars  and  cements 
can  scarcely  be  without  analogy,  and  may  pos- 
sibly be  identical  in  operation,  with  other  known 
modes  of  hardening.  These  are  hardening  by 
I  coynpression  of  a  powder,  by  desiccation  of  a 
powder  or  colloid  substance  such  as  gelatine,  by 
fusion  and  solidification,  by  crystallisation. 

These  may  be  referred  to  two  simple  and 
more  general  phenomena : 

Mutual  adltcsion  of  solid  particles,  brought 
within  a  minute  distance  of  each  other  ; 

Mobility  of  these  particles  enabling  them  to 
approach. 

In  the  case  of  plaster  of  Paris  mobility  is  con- 
ferred upon  the  particles  by  their  being  dissolved 
previous  tocrystallisation ;  they  are  brought  close 

j  together  by  the  solution  being  supersaturated. 

'  As  soon  as  crystallisation  has  taken  place,  the 
crystalline  mass  will  be  so  much  the  harder  the 

1  greater  the  internal  cohesion  of  the  crystals  and 
the  greater  their  mutual  adhesion. 

Cohesion,  which  is  a  primordial  property  of 
matter,  is  widely  extended.     Plaster  can  be 

.  scratched  by  the  nail ;  quartz  is  so  hard  as  to 

j  scratch  steel.  Adhesion,  unlike  cohesion,  is  a 
complex  phenomenon,  and  consequently  very 
variable.  Those  variations  almost  entirely  ac- 
count for  the  difference  in  hardness  which  ana- 
logous cements  and  mortars  present.  Adhesion 
varies  with  the  chcmicalitatureot  the  substances 
in  contact.  The  adhesion  of  a  crystal  of  calcium 
sulphate  to  a  plate  of  glass  is  nil ;  on  the  con- 
trary, that  of  barium  silicate  is  so  great  that  the 
crystals  break  rather  than  become  detached  there- 
from. It  varies  with  the  more  or  less  polished 
state  of  the  surfaces  in  contact. 

The  total  effect  of  adhesion  is  evidently  pro- 
portional to  the  extent  of  surfaces  in  contact.  It 
is  so  much  the  greater  as—first,  the  volume  of 
empty  spaces  arising  from  excess  of  water  used 
in  the  mixing  is  less ;  secondly,  as  each  crystal 
for  a  given  weight  of  matter  affords  a  greater  de- 
velopment of  surface — the  form  of  elongated 
prisms  recognised  by  Le  Chatelier  in  crystals  of 
plaster  and  all  similar  products  is  eminently 
favourable  to  adhesion  ;  thirdly,  crystals  should 
be  so  grouped  as  to  increase  the  volume  of  the 
empty  spaces  while  diminishing  their  number 
and  isolating  them  from  each  other.  A  structure 
like  pumice  is  particularly  favourable.  But  very 
slight  variations  in  external  conditions,  such  as 
the  nature  of  the  solvent,  the  temperature,  and 

I  the  number  of  points  or  rough  surfaei^s  from 
which  crystallisation  may  be  favoured,  exert  a 

j  considerable  difference  on  the  strength  of  mortar, 

I  plaster,  and  cements. 
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Processes  for  Hardening  Plaster. 

Alum  plaster.  Several  new  plastic  substances 
have  lately  come  into  use,  called  alum  plaster, 
French  cement,  and  English  cement,  or  stucco. 

Greenwood's  process  is  carried  out  in  the 
following  manner.  Plaster  stone,  previously 
burnt  in  the  usual  manner,  is  steeped  in  a  solu- 
tion containing  from  8  to  10  p.c.  of  alum.  After 
soaking  for  some  minutes  it  is  drained,  and  dried 
in  the  air.  It  is  then  submitted  to  another  burning 
at  a  uniform  and  constant  temperature  carried 
to  dull  redness,  but  not  exceeding  this  limit. 

Such  plaster  softens  in  water,  so  that  it 
easily  takes  an  impression  from  the  fingers. 
Eecently  a  material  has  been  prepared  by  baking 
an  intimate  mixture  of  raw  ^jlaster  with  powdered 
alum. 

Casts  executed  in  such  plaster  solidify  gradu- 
ally, but  they  finally  acquire  a  hardness  similar 
to  that  of  alabaster  or  marble;  furthermore,  the 


material  presents  a  translucent  appearance  which 
causes  it  to  resemble  these  substances.  Exposed 
for  months  to  the  air,  the  casts  I'emain  uninjured 
and  lose  none  of  their  hardness.  According  to 
Eisner,  several  hours  in  boiling  water  does  not 
sensibly  affect  their  hardness. 

Various  explanations  have  been  given  of  the 
cause  of  this  change  in  plaster,  but  according  to 
Landrin  (C.  E.  1874),  it  is  not  to  be  accounted 
for  by  the  formation  of  double  sulphates  of  lime 
and  alkali,  nor  by  the  crystals  of  calcium  sul- 
phate being  imbedded  in  alumina,  but  rather  by 
the  calcium  carbonate  in  the  plaster  stone  being 
converted  by  the  alum  into  calcium  sulphate.  A 
liquid  containing  8  to  10  p.c.  of  sulphuric  acid  acts 
as  satisfactorily  as  an  alum  solution. 

Specimens  of  such  cements  have  been  ana- 
lysed and  shown  to  be  almost  pure  calcium  sul- 
phate. Compare  the  following  two  series  of 
analyses  of  plasters : — 


Landrin's  Analyses  of  Alum  Plasters. 


! 

1               Description  of  specimens 

Constituents  found 

CaSO^ 

CaCOj 

SiOj 

Tot:a 

Alum  plaster,  French  cement  . 

90-75 

1-05 

0-72 

1-18 

100 

„        „      English  cement,  No.  1 

98-19 

0-41 

0 

1-40 

100 

,1        „                   >,        No.  2 

98-02 

0-.37 

0-42 

1-19 

100 

,,        ,,  Stucco 

98-05 

0-3G 

0-51 

1-08 

100 

The  following  is  a  tabulate!  statement  of  the 
analyses  of  various  kinds  of  plaster  used  through- 
out France,  from  which  it  will  be  seen  that  they 


contain  varying  but  considerable  proportions  of 
earthy  caibonates. 


The  chemical  Composition  of  various  kinds  of  Plaster  of  Paris. 
Analyses  of  Plaster  of  Paris  made  by  M.  Durand-Claye. 


Constituents  found 

Nature  und  source  of  tlic  plaster 

Residue 

iiisolul)lc 

and 

CaSO^ 

CaCO., 

MgCOj 

in  .acids 

Fe,03 

Vitry  (Seine),  ordinary 

4-9 

2-5 

70-9 

10-2 

5-05 

6-45 

,,        fine  .... 

3-7 

2-7 

72-6 

12- 

5-45 

3-55 

Villejuif  (Seine)  

4-8 

0-6 

77-95 

8-5 

1-9 

0-25 

Bondy  (Seine),  ordinary 

1-4 

1-5 

79-05 

9-9 

2-3 

5-85 

,,      fine  .... 

2-4 

1- 

83-4 

6-9 

2-3 

4- 

Eomainville  (Seine)  .... 

0-6 

0-8 

87-7 

2-4 

2-7 

5-8 

Lois  le  Comte  (Seine  et  Marno)  . 

1-2 

0-35 

85-75 

4-3 

8-4 

Lamarche  

1-0 

88-45 

3-75 

6-2 

Bussiere  ...... 

1-05 

0-45 

84- 

7-15 

0-4 

6-95 
2-8 

Eoquevaire  (Bouches  du  Ehone) 

11-2 

31 

70-55 

6-7 

5-65 

Bassin  de  la  Couze  (Uordogne)  . 

4- 

1-4 

71-60 

14-1 

5-05 

3-85 

Herepian  (Herault)  .... 

4-2 

1- 

81-6 

13-2 

Partel  (Audo)  

0-7 

0-4 

86-85 

5-3 

6-75 

Malancene  (Vaucluse)  .... 

0-(j 

92- 

0-35 

6-15 

Poligny  (Jura)  ..... 

0-8 

93-5 

3-4 

2-3 

Grasse  (Alpes-Maritimcs)  . 

0-1 

^2 

95-05 

4-05 

Eiicyclopedie  Cliiiniquc.  T-re 


Article  Mortiers  et  Ciments,  par  M.  Duquesnay,  p.  179. 

Stucco.    A  mixture  of  plaster  with  a  solution  the  appearance  of  coloured  marbles  may  be  given 

of  size  ;  when  hardened  can  be  polished.  This  is  to  the  stucco. 

called  stucco.    By  mixing  with  the  size  certain        Ecene's    cexicu^.— Keating,   and  previously 

raetalhc  compounds,  such  as  ferric   hydrate,  Keene,  have  produced  hard  cements  by  mixing 

chromic  oxide,  manganic  oxide,  eupric  hydrate,  plaster  of  Paris  with  1  part  of  borax  and  1  pait 

and  basic  cupric  carbonate,  stucco  may  be  made  of  cream  of  tartar  with  18  parts  of  water.  After 

of  different  colours.    By  appropriate  treatment  the  plaster  is  impregnated  with  the  solution  it  is 
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dried  and  burnt  at  a  low  red  heat  for  six  hours. 
Boras  alone  answers  the  purpose  equally  well. 
The  plaster  hardens  more  slowly  as  the  solution 
is  more  concentrated.  By  using  1  volume  of  a 
saturated  solution  of  borax  and  12  volumes  of 
water,  the  plaster  sets  in  a  quarter  of  an  hour; 
with  8  volumes  of  water,  it  sets  in  an  hour;  and 
with  4  volumes  of  water,  setting  is  delayed  for 
several  hours. 

Silicatcd  plaster.  Knaur  and  Knop  sponge 
over  the  surface  of  plaster  casts  a  solution  i)re- 
pared  thus.  To  a  potash  ley  made  by  adding 
1  part  of  potash  to  5  of  water  some  milk-whey  is 
added,  as  free  as  possible  from  fatty  matter; 
4  parts  of  this  are  mixed  with  a  syrupy  solution 
of  potassium  silicate.  Dark  stains  sometimes 
appear  on  the  surface,  caused  by  the  action  of 
sulphur  in  the  whey  upon  iron  compounds  in 
the  plaster,  but  these  disappear  upon  drying. 

The  application  endows  the  plaster  with  gi'eat 
hardness  and  with  an  agreeable  tone,  far  superior 
to  its  usually  chalky  appearance. 

Stearine  melted  at  not  too  high  a  temperature 
has  been  employed  as  a  bath  in  which  plaster 
easts  are  immersed.    The  porosity  of  the  plaster 
enables  it  to  absorb  a  certain  quantity  of  the  i 
stearine  which  solidifies  on  cooling.  I 

4.  Hydraulic  Mortars.  All  mortars  which 
set  underwater  or  in  damp  places  are  said  to  be 
hydraulic.  They  may  be  divided  into  three 
classes : 

1.  Ordinary  hydraulic  mortars,  composed  of 

hydraulic  lime  and  sand. 

2.  Mortars  made  with  '  fat '  lime  or  hydraulic 

lime  and  pozzuolana,  with  or  without 
sand. 

3.  Mortars  made  with  slow  or  quick-setting 

cements,  with  or  without  sand. 

Natural  limestones,  which  on  being  calcined 
arc  capable  of  forming  a  mortar  which  possesses 
the  important  property  of  hardening  under  water 
and  of  resisting  its  continued  action,  are  called 
hydraulic  limestones,  and  limes  prepared  there- 
from are  hydraulic  limes.  The  real  cause  of 
such  water-setting  and  resisting  properties  of 
mortars  and  cements  was  discovered  and  applied 
by  the  engineer  Smeaton  about  the  year  175G. 

It  is  worth  while  to  emphasise  the  impor- 
tance of  this  discovery  by  a  quotation  :  '  Smeaton 
overset  the  prejudices  of  more  than  2,000  years, 
adopted  by  all  former  writers,  from  Vitruvius 
in  ancient  Eome  to  Belidor  in  France  and 
Scmplo  in  this  country,  who  agresd  in  main- 
taining that  the  superiority  of  lime  consisted  in 
the  hardness  and  whiteness  of  the  stone,  the 
former  of  which  may  or  may  not  be  accompanied 
by  water-setting  i)roperties,  and  the  latter  of 
which  is  absolutely  incompatible  with  them ' 
(Preface  to  Sir  C.  N.  Pasley's  Observations  on 
Limes,  Calcareous  Cements,  Mortars,  Stuccos, 
and  Concrete). 

When  limestones  contain  clay,  or  in  certain 
cases  magnesia,  they  yield  hydraulic  limes. 

SiUcalcd  vwrlars.  The  following  table,  pro- 
pared  by  Durand-Claye  from  the  analyses  of 
Yicat  and  Berthier,  indicates  the  degree  of  hy- 
draulicity  belonging  to  limes  with  dillerent 
degrees  of  impurity  in  the  form  of  clay. 

These  limes  are  distinguished  from  '  fat '  and 
even  from  '  poor  '  limes  by  slaking  more  slowly, 
with  only  a  slight  rise  of  temperature  and  biit 


little  or  no  disengagement  of  vapour.  This 
increase  in  volume  rarely  exceeds  one-third  their 
original  bulk.  They  harden  under  water  if 
made  into  a  paste,  at  periods  which  may  be  15 
or  20  days  after  immersion  if  slightly  hydraulic ; 
G  to  8  days  if  hydraulic  ;  and  1  to  4  days  if 
highly  hydraulic. 

Proportion  of  clay 
to  100  parts  of  c.ii- 
cium  corboiifttc  ia 
the  limestone. 

Lime  feebly  hydraulic  contains  5-3  to  8-2 
„     fairly       „  „         8  2  to  14  8 

„.    hydraulic  ,,        14-8  to  H»  l 

„     highly  hydraulic      „        I'.M  to  21-8 

Limit  of  hydraulic  lime  21-8  to  20-7 

(Dictionnaire  de  I'lndustrie,  E.  0.  Lamie,  1883.) 

Usually  hydraulic  mortar  is  prepared  from  a 
silicious  limestone,  such  as  would  fall  under  the 
description  before  given,  or  from  a  mixture  of 
a  '  fat '  lime  with  silicious  materials  such  as 
pozzuolana. 

Three  very  important  works  have  been  con- 
structed with  lime  the  composition  of  which 
is  known,  namely,  the  old  Eddystone  Lighthouse, 
erected  by  Smeaton,  the  Liverpool  Docks,  and 
works  on  the  Suez  Canal  at  Port  Said. 

Mortar  for  the  Eddystone  Lighthouse  was 
mixed  with  one  of  the  strongest  of  hydraulic 
limes  from  Aberthaw  in  Glamorganshire.  It 
contains : 

Aberthaw  Limestone. 
Calcium  carbonate       .       .    86-2  p.c. 

Clay  11-2  „ 

Water,  alkalis,  &'c.      .      .     2-6  ,, 

1000 


Composition  of  Hydraulic  Mortars. 


Description  of  Mortar 

Aberthaw 
lime 
Slated 
J'otcder 

Pozzaolana 

Saud 

bushels 

bushels 

bushels 

1.  Eddystone 

2 

2 

6.  Stone  mortar 

2 

1 

1 

3.  Ditto,  2nd  quality 

2 

1 

2 

4.  Face  mortar 

2 

1 

3 

!y.  Ditto,  2nd  quality 

2 

1 

a 

3 

2.  Backing  mortar 

2 

i 

3 

Mortar  for  the  Liverpool  Docks  was  prepared 
from  blue  lias  obtained  near  Holywell,  Flintshire, 
N.  Wales. 

Blue  Lias  Lime  {Mjisiiratt). 
Calcium  carbonate  ,  .  71-55  p.c. 
Magnesium  carbonate  .  1'35  „ 
Alumina  ....  3-52  „ 
Silica  ....  20-10  „ 
Ferric  oxide  .  .  •  2-21  ,, 
Alkalis  ....  0-79  „ 
Water  and  loss   .       .       .     0-50  „ 

90-82 

Constituents  soluble  in  hydrochloric 

acid  74-73  p.c, 

Insoluble  •    25-27  „ 

100-00 
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Hydraulic  Mortar  for  Liverpool  Docks. 

Slaked  Lias  Sea  Furnace 

Liifie  Sand  Aslies 

1st  Quality  1  measure  1  measure  \  measure 
2nd  Quality    1       ,,         2  measures  ^  „ 

In  each  case  the  burning  and  slaking  of  the 
lime  was  most  carefully  attended  to,  and  the 
mortar  received  the  most  careful  manipulation. 

The  Port  Said  Canal  works,  were  constructed 
of  concrete  blocks  made  with  Theil  lime,  in  the 
proportion  of  325  kilos,  of  lime  in  a  dry  j^owder 
to  1  m.  3  cm.  of  sand. 

Composition  of  Lime  from  Thcil  {Ardikhc, 
France). 


Lime 

.    65-10  p.c. 

Magnesia  . 

.     0-65  „ 

Silica  combined  . 

.    19-05  „ 

Silicious  sand 

.      0-30  „ 

Alumina 

.      1-60  „ 

Ferric  oxide 

.      0-55  „ 

Sulphuric  acid  . 

.     0-30  „ 

Loss  on  burning 

.    12-15  „ 

100-00 

The  setting  of  hydraulic  mortars  will  be 
dealt  with  under  hydraulic  cements. 

Dolomitic  mortars. —  Sir  Charles  Pasley  was 
the  first  who  discovered  that  calcined  magnesium 
carbonate  was  in  itseK  a  slow-setting  cement. 
Deville  has  shown  that  dolomites  yield  a  lime 
which  has  the  property  of  forming  hydraulic 


mortars,  and  Crace-Calvort  has  furnished 
analyses  of  several  such  stones. 

Analysis  of  Dolomitic  Limestones  (Crace- 
Calvcrt). 


From 
Craig 
Eract 

Port 
Eynsor 

Hell's 
Moutl] 

Magnesium  carbonate 
Calcium  carbonate 
Ferrous  carbonate 
Silica  .... 
Alumina 

Organic    matter  and 
water 

61-15 
21-41 
8-76 
5-58 
2-07 

1-10 

55-23 
33-99 
3-85 
5-58 

2-  27 

3-  40 

15-80 
72-23 
3-21 

1  2-7 
0-0 

100-07 

104-32 

100-00 

5.  Pozzuolana.  Pozzuolana  is,  strictly 
speaking,  a  mixture  of  silicates  of  volcanic 
origin,  originally  discovered  at  the  foot  of  Mount 
Vesuvius,  near  the  village  of  Pozzuoli.  A  large 
proportion  of  the  silicates  are  decomposable  by 
hydrochloric  acid.  For  purposes  of  construc- 
tion, when  mixed  with  '  fat '  lime,  its  valuable 
properties  have  been  known  for  centuries. 
Vitruvius  and  Pliny  described  it,  and  extensive 
Fioman  works  in  which  it  was  employed  are 
standing  at  the  jjresent  day.  The  mortar  de- 
scribed by  Vitruvius,  with  slight  variations,  is 


Anahjses  of  Pozmiolani  and  Trass  (Vicat  and  Hcrvi-IIangon). 


Source 

Coustituents  p.c. 

Mixed 
saud 

Silica 

Alumina 

Ferric 
oxide 

Lime 

Magnesia 

Water 

Not  esti- 
niateil,  or 
Tulatile 
matter 

Alkalis 

Vesuvius,  brown 

2-50 

44 

10-5 

29-5 

10 

traces 

2 

5 

1 

,,       dark  grey 

1-5 

44-5 

10-5 

15-5 

10 

3 

3 

6 

light  grey 

2-5 

42 

15-5 

12-5 

9-5 

4-4 

3-33 

10-27 

lava,  1868 

39 

14-0 

13-0 

18-0 

3-0 

110 

Eome,  St.  Paul's  Caves  . 

5~ 

47-66 

14-33 

10-33 

7-66 

386 

7-03 

4-13 

Auvergne,  black 

0 

47-9 

34 

20 

8-2 

39 

3-2 

2-6 

,,        reddish  brown 

47-1 

39-0 

7-0 

trace 

2-2 

4-7 

,,        brick  red 

40-05 

17 

20-55 

8-55 

trace 

1-6 

6-35 

,,      .  Gravenvere 

48-0 

36-40 

8-10 

trace 

2-4 

4-80 

Trass,  Andernach 

48-94 

18-95 

12-34 

5-41 

242 

1  11-94 

„     Dutch  . 

46-6 

20-6 

12-0 

3-0 

12 

'8 

5-0 

,,  Ehenish 

8-75 

46-25 

20-71 

5-48 

2-15 

1-0 

9-25 

6-3 

used  very  generally  throughout  Italy  and  at 
Toulon  and  other  French  ports.  Its  compo- 
sition is  as  follows  : 

12  parts  of  pozzuolana,  finely  powdered. 
6  ,,  quartzose  sand,  well  washed. 
9       „     '  fat '  lime,  recently  slaked,  to 

which  is  added 
6       ,,     fragments  of  broken  stone,  porous 
and  angular. 
Varieties  of  pozzuolana  may  exist  iu  all 
volcanic  localities. 

Trass.  On  the  Ehine  the  Romans  are  sup- 
posed to  have  used,  instead  of  pozzuolana,  a 
volcanic  product  of  the  Eifel  district  called 
tufa.  The  Dutch  used  the  same  material,  and 
called  it  trass,  or  tyrass,  which  means  a  binding 
or  adhering  substance.    It  has  been  employed 


on  hydraulic  works  for  more  than  200  years, 
for  in  1682  Van  Santen  erected  a  mill  on  the 
llhine  for  grinding  trass.  This  material  is  shown 
by  the  table  of  analyses  given  above  to  be  sub- 
stantially of  the  same  composition  as  pozzuolana. 

Santorin  earth. — Another  useful  description 
of  tufa  covers  the  entire  island  of  Santorin  (the 
ancient  Thera),  in  the  Greek  Archipelago.  From 
time  immemorial,  up  to  as  recent  a  date  as  1866, 
this  island  has  been  subject  to  volcanic  dis- 
turbances. The  earths  obtained  therefrom  are 
valuable  for  the  making  of  cements,  and  they 
are  undoubtedly  similar  in  character  to  pozzuo- 
lana and  trass,  but  they  consist  of  an  active 
cementing  material,  a  fine  grey  earth  consisting 
of  partially  hydrated  silicates, mixed  with  pumice 
and  particles  of  obsidian,  which  have  no  more 
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action  than  sand.  Each  analysis  shows  that 
Sautorin  earth  differs  from  pozzuolaua  and  trass 
cliiclly  by  containing  a  much  larger  proportion 
of  silica  and  less  lime.  Santorin  eartli  has  been 
used  for  a  long  time  on  the  shores  of  the  Mediter- 


ranean. It  was  largely  employed  in  hydraulic 
structures  at  Trieste,  Venice,  and  Fiume.  Eisner 
says  that  so  long  as  it  is  immersed  Santorin 
mortar  remains  hard,  but  when  dried  in  the  air 
it  soon  crumbles  away. 


Analysis  of  Santorin  Earth  {Feichtinger). 

I.  Portion  which  floats  on  water,  and  is  ^^.tU  of  tlic  whole,  consisting  of  pumice. 

II.  The  greater  portion  of  tlie  earth,  a  tine  liglit  grey  powder,  wliich  can  be  separated  from  TII.  by  levigation. 
III.  Consisting  of  particles  of  obsidian  of  various  colours,  and  with  sharp  edges. 


.1.  atIHUICC 

Xil.  t-oarso  |Mirticics 

Constituents  soluble  in  HCl : 

Lime  

0-40 

0-84 

o-os 

Magnesia  

0-25 

0-48 

0-3.J 

Ferric  oxide  .... 

U  — o 

U  •->•* 

Alumina  

0-75 

1-31 

1-G4 

8ilica  ..... 

trace  1*G8 

trace  3-17 

trace  4-53 

Constituents  insoluble  in  HCl : 

Silica  

72-8-1 

71-44 

63-07 

Lime  ..... 

2-15 

1-80 

3-l.T 

Magnesia  

1  33 

1-36 

1-58 

Alumina  ..... 

11-51 

8-56 

14-03 

Ferric  Oxide  . 

4-07 

3-30 

6-87 

Potash  

1-28 

1-86 

1-87 

Soda  

2-G5  95-83 

3-74  92-06 

3-86  94-43 

Water  

2-25  2-25 

4-Cl  4-61 

1-14  1-14 

99-67 

9984 

100-10 

Silica  soluble  in  dilute  caustic  alkali  was 
present  in  the  following  quantities : 

L  5-2  p.c.      II.*  28-4  p.c.      IIL  3-4  p.c. 

Arinas. — A  species  of  ochreous  sand  which 
goes  by  this  name  is  found  abundantly  in  France, 
in  the  Department  of  Dordogne,  and  in  several 
localities  on  the  tributaries  of  the  Loire  and 
the  Somme.  On  account  of  the  large  proportion 
of  clay  which  many  of  them  contain,  they  can 
be  formed  into  a  paste  with  water  without  any 
addition  of  lime,  and  are  often  used  in  that  slate 
for  the  walls  of  buildings  as  well  as  for  mortar. 
Mixed  with  '  fat '  limes  they  give  excellent  mor- 
tars, which  gain  great  hardness  under  water.  In 
rapid  setting  they  compare  favourably  with  the 
most  energetic  hydraulic  lime.  The  property  of 
quickly  setting  is  greatly  increased  by  burning. 

Analysis  of  Arines  from  St.  Astier,  Dordogne 
(Vicat) : 

Mixed  sand  .  .  .  4-13  p.c. 
Silica  ....  38-54  „ 
Alumina  ....  20-0  ,, 
Ferric  oxide  ,  .  .12-0  ,, 
Lime  and  magnesia  .  .  4-8  ,, 
Water  ....  17-0  „ 
Volatile  matter  and  loss     ,     3-85  ,, 


100-32 


Artificial  Pozziiolanc.  Many  substances  of 
natural  occurrence  which  do  not  possess  hy- 
draulic properties  may,  by  burning,  be  con- 
verted into  what  may  be  termed  artificial  poz- 
zuolane  ;  that  is  to  say  they  form  quick-setting 
hydraulic  mortars  if  mixed  with  '  fat '  lime. 

o  II.  This  is  the  portion  which  forms  the  binding 
mntrrijtl  when  mixed  with  lime,  while  I.  uud  111.  merely 
-play  the  part  of  sand  iu  mortar. 


Such  substances  are  : — 

a.  Baked  clay. 

b.  Burnt  schist. 

c.  Calcined  basalt. 

d.  Sand  and  burnt  arthtcs. 
c.  Argillaceotis  sandstone. 

Ordinary  clay  consists  of  silicate  of  alumina 
more  or  less  mixed  with  calcium  carbonate  and 
ferric  oxide.  When  heated  to  dull  redness  or 
between  GOO  and  700  ^C,  it  acquires  hydraulic 
properties.  It  is  essential  that  it  be  exposed  to 
the  air  during  heating,  and  that  the  carbonic 
acid  be  expelled  from  the  calcium  carbonate 
and  the  combined  water  from  the  clay.  The 
temperature  should  not  exceed  700  or  800°C. 
(Vicat).  JIany  IJoman  structures  in  Britain 
appear  to  have  been  built  with  mortar  made  of 
such  materials. 

Blue  schist  burnt  in  a  lime  kiln  becomes 
converted  in  friable  porous  masses  of  a  pale- 
green  colour  (Baggi). 

]5asalt  calcined  in  a  kiln  until  it  commences 
to  flux  isconverted  into  apozzuolana  (UeCessart). 

Sand  and  baked  arcncs.  In  some  places 
sand  and  arines  are  found  adjoining  or  mixed. 
Their  property  of  setting  is  much  improved  by 
baking. 

Argillaceous  sand.  In  the  neighbourhood  of 
La  Fi^re,  M.  Menard  has  found  sand  with  an 
argillaceous  gangue  which  acquires  the  pro- 
perties of  pozzuolaiie  by  baking  on  an  earthen- 
ware plate  at  a  moderate  temperature. 

6.  Hydraulic  Cements.  Hydraulic  cements 
are  of  two  kinds.  Those  which  may  be  called 
natural  cements  arc  formed  by  burning  a  natural 
product  such  as  an  argillaceous  lime.stone 
unmixed  with  lime  in  the  works ;  artificial 
cements  are  such  as  may  be  obtained  by  burning 


CEME?^TS. 


477 


a  mixture  of  clialk  or  '  fat '  lime  with  clay. 
In  1796  James  Parker  obtained  a  patent  for 
working  up  argillaceous  limestones,  found  near 
London,  into  a  quick-setting  cement,  called  by 
a  trade  name  '  Eoman  cement.' 

Roman  cement.  This  cement  is  formed  by 
burning  scptaria,  or  clay  nodules  found  on  cer- 
tain parts  of  the  coast  of  Kent  and  Essex. 
When  calcined  and  pulverised,  septaria  are  in  a 
suitable  condition  to  be  employed  as  mortar  for 
hydi  aulic  purposes.  The  Thames  Tunnel  was  in 
fact  built  by  the  aid  of  such  mortar,  and  indeed 
until  the  introduction  of  Portland  cement  in 
1824,  it  was  universally  used  for  engineering 
and  other  works  at  home  and  abroad.  This 
cement  has  since  been  made  in  several  i^arts  of 
England  and  Scotland,  and  the  original  name 
having  been  dropped,  local  names  have  been 
given  to  the  cements.  Knauss  has  investigated 
some  of  these  by  analysing  the  material  from 
which  they  are  prepared,  the  cement  ready  for 
use,  and  cubes  of  the  cement  after  it  has  set. 
Such  cement  requires  much  care  in  its  prepara- 
tion and  great  outlay  for  plant.  It  deteriorates 
somsniiat  by  keeping,  but  it  is  particularly 
suitable  for  work  wherein  great  expedition  is 
necessary  or  desirable.  The  Thames  Tunnel 
would  not  have  been  built  if  tin's  material  or  a 
similar  quality  of  cement  had  not  been  easily 
procurable. 

The  great  end  to  be  attained  in  the  produc- 
tion of  Koman  cement  is  complete  expulsion  of 
carbon  dioxide  from  the  limestone  or  chalk. 
This  is  indicated  when  the  stone  is  reduced  to  a 
minimum  of  weight,  so  that  there  is  a  maximum 
of  burnt  lime  and  no  trace  of  vitrification  from 
over-heating.  When  freshly  ground  it  should 
never  exceed  80  lbs.  per  imperial  bushel. 
Thorough  pulverisation  is  essential. 

Medina  cement.  This  is  a  variety  of  the 
former,  made  from  a  stone  found  in  the  Isle  of 
Wight ;  it  possesses  in  high  degree  the  pro- 
perty of  quickly  setting.  Such  cements  are 
valuable  for  protecting  joints,  made  with  slowly 
setting  Portland  cements,  from  the  action  of  the 
waves  and  running  water. 

Knauss's  analyses  are  given  on  the  following 
page.  It  may  be  remarked  that  they  are  valu- 
able for  the  reason  that  they  give  the  composition 
of  the  stone,  of  the  cement  made  therefrom, 
and  of  cubes  formed  from  the  cement ;  which  is 
important,  since  limestones  from  the  same  quarry 
and  cements  from  the  same  source  sometimes 
have  a  different  composition. 

Giitschcnberger  analysed  a  cement  from  the 
neighbourhood  of  Heidelberg  with  the  following 
result : 


p.C. 


Lime  . 

.  ■11-22 

Magnesia  . 

.  17-77 

Ferric  oxide 

.  3-07 

Alumina  . 

.  5-75 

INlanganous  oxide 

.  233 

Alkalis 

.  4-72 

Silica       .  . 

.  2214 

100-00 

The  stone  from  which  this  cement  is  pre- 
pared by  burning  can  be  made  to  yield  two  pro- 
ducts, according  as  it  is  burnt  at  a  low  or  a 


high  temperature.  (1)  When  burnt  at  a  tem- 
perature below  400°C.  the  magnesia  is  rendered 
caustic,  but  not  the  lime.  (2)  When  the  stone 
is  burnt  at  a  high  temperature  it  almost  fluxes. 

In  (1)  the  conditions  are  such  that  magnesia 
acts  as  the  hydraulic  agent,  while  in  ('2)  it  is 
the  silicates  of  lime  and  magnesia.  An  excellent 
cement  burnt  at  a  high  temperature  contained 
100  (SiO.,.R,0,),  304  (CaO.MgO) ;  the  proportion 
100  (SiO,.E.,0,),  304  CaO  would  be  almost  useless. 

The  Pkocess  of  Makixg  Cements. 

Portland  cement.  This  is  a  material  of 
artificial  origin,  produced  by  baking  a  judicious 
mixture  of  clialk  and  fine  clay  of  a  peculiar 
nature.  Unlike  Eoman  cement,  it  is  most  valu- 
able when  heaviest,  and  it  furthermore  differs 
in  its  slowness  of  setting.  These  cements  of 
greatest  density  set  the  slowest,  and  ultimately 
acquire  the  greatest  amount  of  strength  and 
hardness.  The  name  Portland  cement  was 
given  to  it  by  the  inventor,  John  Aspdin,  of 
Leeds,  in  1824,  from  its  close  resemblance,  when 
set,  to  the  stone  from  the  Portland  quarries. 
The  process  of  manufacture  was  as  follows. 
Quicklime  in  powder  was  mixed  with  an  equal 
weight  of  clay  and  kneaded  with  water  into  a 
plastic  mass.  It  was  dried,  broken  in  pieces, 
and  burnt  in  a  limekiln  till  all  carbon  dioxide 
was  expelled.  After  being  reduced  to  powder  it 
was  ready  for  the  market.  Sir  Charles  Pasley 
must,  however,  be  considered  the  founder  of  the 
cement  industry  in  England.  In  the  year  1826 
he  obtained  a  cement  by  burning  river  mud  from 
the  Medway,  impregnated  with  the  salts  from 
sea-water,  with  an  admixture  of  limestone  or 
chalk.  There  is  little  doubt  but  that  the  sodium 
salts  are  converted  into  silicates,  together  with 
the  lime,  and  the  alumina  of  the  clay  becomes 
calcium  aluminate,  and  that  the  sodium  silicate 
is  of  benefit  in  the  setting  of  the  cement.  At 
the  jjresent  day  the  mud  of  river  mouths  and 
delta  formations  is  largely  employed  for  the 
purpose  of  making  cement. 

The  process  of  making  Portland  cement  is 
usually  as  follows.  Chalk  or  limestone,  and  clay 
or  river  mud,  in  equal  proportions,  arc  intimately 
mixed,  the  mixture  is  dried  in  the  air,  and  then 
burnt  in  a  shaft  kiln.  The  kiln  is  40  to  90  feet 
high,  and  7  to  12  feet  in  diameter.  At  4  feet 
from  the  ground  is  a  strong  grating,  through 
which  lumps  of  limestone  mostly  fall.  The 
kiln  is  so  arranged  that  fuel  and  cement  stone 
occur  in  alternate  layers.  Coke  is  the  best 
fuel.  After  heating  to  redness  for  an  hour,  the 
mass  assumes  a  yellow-brown  colour,  and  at  a 
higher  temperature  it  becomes  dark  brown. 
Gradually  the  lime  becomes  causticised,  and 
attacking  the  clay  becomes  converted  into  a 
calcium  silicate  and  calcium  aluminate.  At  a 
white  heat  the  mass  becomes  grey  in  colour, 
with  here  and  there  a  streak  of  green.  Beyond 
this  stage  the  powder  is  blue-grey  or  greyish 
white,  clear  and  sharp,  and  very  similar  to  glass 
powder.  The  more  basic  the  mixture  the  more 
durable  the  cement.  A  mixture  in  which  clay 
piredominates  is  always  more  or  less  a  weak 
cement.  The  more  intimately  the  lime  and 
clay  arc  mixed  the  better  is  the  cement,  because 
a  greater  amount  of  lime  is  converted  into  sili- 
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Analyses  of  Hydranlic  Cement  Stones  and  Cements  {Knauss). 


I.  Limestone 

II.  Liniistone 

TJnhurnt 

Burnt 

Set  Cubes 

Unburnt 

Burnt 

Set  Cubes 

Constituents  insoluble  in 

1  Quartz 
Silica 
1  Ferric  oxide 
I  Alumina  . 

(") 
G-0 
10-5 

1-  2 

2-  5 

(b) 
0-2 
0-3 

} 

(c) 
8-4 
3-8 

2-5 

(n) 
12-3 
90 

1-  9 

2-  4 

(6) 
8-3 

0-  5 

1-  7 

(0 
3-1 
1-2 

OG 

Insoluble  constituents  . 

20-2 

7-8 

14-7 

25-6 

10-5 

4-9 

Co 
I 

nstituents  soluble  in 

iCl: 

/Silica 

Ferric  oxide 

Alumina  . 

Lime  .... 

Magnesia  . 

Potash 

Soda  .... 
Carbon  dioxide  . 
\Water 

0-7 
11-6 
4  3 
29-3 
3'3 
0-8 
0-2 
26-8 
2-8 

19-4 
9-2 
7'3 

48-2 

2-  7 
0-8 
0-2 

3-  4 
10 

8-4 
6(i 
5'9 
42-8 
19 

lb 

0-3 
11-8 
0-9 

OG 

G-3 
1 . 1 

.32-4 
27 
0-9 

0-  2 
28-4 

1-  8 

17-4 
12-4 
4  o 
4G-1 
3-7 
0-9 
01 
3-G 
0-7 

17-6 

9-5 

0  0 
3G-G 
1-7 
1-1 
0-2 
13-5 
8.3 

Soluble  constituents 

79-8 

92-2 

85-3 

74-4 

89-5 

951 

Total  . 

100-0 

1000 

1000 

100-0 

100-0 

1000 

I«.  Moaerately  hard,  yellowish  bi-own  limestone  richly  studded  with  calcspar,  Kent. 

16.  Sheppy  cement  prepared  from  I«. 

Ic- 1  r.„i,„„  „  t  Tt  „„A  TTj,                        IT"-  A  limestone  similar  in  appearance  to  I«,  from  Essex. 

lie.  1  ^"■^''^  prepared  from  16  and  116.                             Harwich  cement  £rom  Ua. 

III.  Limestone. 

V. 

Unburnt 

Burnt 

Set  Cubes 

Constituents  insoluble  in 

HCl: 

^Quartz 
^  SiO,  .... 

(ma.     .     .  . 

(") 
9-2 
8-1 

2-  1 

3-  8 

(>>) 

110 

2-8 

} 

(<■) 
7-8 
1-2 

0-4 

c 

4-0 
C-G 
2-2 
2-5 

I 

3-2 
41 
2-1 
1-8 

6 

4-9 
1-3 
1-2 
1-3 

Insoluble  constituents  . 

23-2 

18-2 

9-4 

15-9 

11-2 

8-7 

Co 
I 

nstituents  soluble  in 
ICl: 

^SiO..  .... 

Vc.Oj. 
A1..0, 

CaO  .... 
MgO  .... 
K.O  .... 
Na.O  .... 

CO  

\H,6  .... 

0-5 
2-3 
10 

38-5 
11 
0-7 
0-3 

31-4 
0-4 

91 
71 
9-8 
49-0 
1(> 
0-8 
0-2 
2-7 
0-9 

9-2 
(il 

4  00 
l-G 
10 
0-2 

14-4 
8-6 

1-4 
1-7 
3-1 

35-3 
5-9 
0-8 
0-4 

34-2 
13 

0-8 

3-  1 

0-  8 
40-2 

4-  4 

1-  1 

0-  3 
30-4 

1-  7 

11-9 
3-() 
5-G 

47-4 
9  4 
1-5 
0-3 

11-0 
OG 

Soluble  constituents 

76-8 

81-8 

90-6 

84-1 

88-8 

91-3 

Total  . 

1000 

1000 

1000 

100-0 

100-0 

1000 

111(7.  A  bluish-Rrcy  hard  limestone  from  Yorkshire.  Yn.  Two  limestones  from  Ilorb  in  Wllrtemburg. 
1116.  Whitby  cement  from  Illn.  TJ,.  UyOiaulic  lime  from  V«  aud  6. 
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cate  and  aluminate.  Portland  cement  mixed 
witli  water  stiffens  in  a  few  minutes,  and  after 
the  lapse  of  a  day  is  tolerably  hard.  After  a 
montli  it  becomes  so  hard  that  it  emits  a  sound 
after  being  smartly  struck. 

The  form  of  kiln  used  in  burning  cements  is 
generally  in  section  that  of  two  truncated  cones 
with  the  broad  base  of  the  one  applied  to  that  of 
the  other.    See  figs.  18, 19,  and  20. 

Their  capacity  usually  admits  of  25  to  30 
tons  of  cement  being  burnt  at  each  firing. 

The  period  of  firing  continues  from  twenty- 


four  to  fifty  hours,  and  that  of  coolin];  for  two 
to  three  days.  They  are  lined  with  refractory 
fire-bricks,  very  solidly  constructed  and  braced 
together  with  iron  hoops  or  bars.  The  tempera- 
ture they  have  to  withstand  is  much  higher 
than  that  of  a  lime-kiln. 

In  fig.  18  are  shown  the  elevation  and  vertical 
section  of  the  cement-kilns  of  MM.  Demarle  and 
Linquety  in  use  at  Boulogne.  In  the  baking  of 
cements  much  carbon  monoxide  and  sulphur  di- 
oxide are  produced,  and  in  order  to  remove  these 
noxious  gases  the  kiln  shown  in  figs.  19  and  20  is 


Fig.  19. 


in  use  at  tlie  works  of  Mr.  Campbell,  Wouldliam  1 
Valley,  Kent.  The  body  of  the  kiln  m  is  inclosed, 
below  the  covered  head  the  periphei'al  wall  is  per- 
forated and  the  gases  escape  into  a  surrounding 
circular  channel  c  c.  A  p)assage  b  or  r,  o,  h, 
leads  from  this  channel  to  a  coke  fire  p,  and  thence 
to  a  jiacking  of  coke  in  the  flue  n,  over  which 
water  from  a  pipe  o,  drips  and  removes  much  of 
the  sulphurous  gas.  The  carbon  monoxide  being 
present  in  large  proportion  is  burnt  at  the  coke 
fire  p  by  air  admitted  by  the  ventilator  v. 

The  following  interesting  account  of  cement 
manufacture  is  taken  from  the  Engineer,  vol. 
liv.  p.  98,  1882  : 

'  In  the  new  harbour  works  of  the  South- 
Eastern  Kailway  Company,  at  Folkestone,  arti- 
ficial blocks,  made  of  pebbles  from  the  sea 
beach,  bound  together  with  Portland  cement, 
are  largely  used.  The  Portland  cement  is  ob- 
tained from  the  Folkestone  Cement  Works, 
about  half  a  mile  from  the  harbour,  the  raw 
materials  being  obtained  close  by.    The  works 


I  stand  upon  an  inclined  plane ;  chalk  is  brought 
from  the  cliffs  above,  and  clay  is  wound  up  to 
them  by  a  stationary  engine,  from  a  clay-jiit 
100  or  200  yards  from  the  place  of  manipula- 
tion. 

'  The  materials  for  the  manufacture  of  Port- 
land cement  vary  in  different  districts.  On  the 
Thames,  white  chalk  and  alluvial  mud  found  in 
the  marshes  adjoining  the  Medway  are  used  ;  on 
the  Medway,  grey  chalk  and  the  same  mud ;  in 
the  lias  districts,  the  limestone  shales  and  clays 
of  the  deposits  are  the  most  suitable.  At  Folke- 
stone grey  chalk  and  the  gault  clay  which  under- 
lies the  grey  chalk,  as  already  stated,  are  the 
raw  materials. 

'  At  Folkestone  the  different  beds  of  grey 
chalk  and  gault  clay  vary  considerably  in  com- 
position. When  free  from  water  the  chalk  con- 
tains from  81  to  95  p.c.  of  carbonate  of  lime, 
the  rest  being  clay ;  and  the  clay,  in  a  dry 
condition,  contains  from  10  to  30  p.c.  of  car- 
bonate of  lime.    The  chalk  upon  an  average 
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contains  20  p.c.  of  water,  the  clay  25  p.c.  The 
first  object  to  be  attained  is  to  reduce  these  sub- 
stances to  a  fine  state  of  division,  and  at  the 
same  time  intimately  mix  them  together  in 
such  proportions  that  when  deprived  of  water 
the  mixture  shall  contain  from  75  to  7C  p.c.  of 
carbonate  of  lime.  This  is  done  by  what  is 
known  as  the  wet  process.  The  raw  materials 
are  fed  in  measured  proportions  into  a  wash- 
mill,  which  is  a  circular  trough  in  which  a 
number  of  harrows  revolve,  driven  by  a  steam 
engine  of  14  h.p.  A  stream  of  water  is  con- 
stantly flowing  in,  and  the  action  of  the  harrows, 
aided  by  the  attrition  of  the  particles  against  each 
other,  reduces  the  whole  to  a  state  of  "  slurry  "  or 
slip,  which  contains  from  GO  to  70  p.c.  of  water. 
In  this  state  it  flows  info  the  settling  tanks  or 
"  backs,"  each  of  which  contains  sullicicnt  slurry 
to  make  800  tons  of  cement.  Here  it  is  allowed 
to  subside,  the  supernatant  water  being  drawn 
off  from  time  to  time.  One  settling  tank  is 
filled  at  a  time,  and  then  left  for  six  or  seven 
weeks  for  the  solid  matter  to  settle,  the  surface 
water  meanwhile  being  drawn  off  from  time  to 
time  by  a  small  sluice.  The  bottoms  of  the 
tanks  are  of  the  natural  porous  earth  of  the 
locality,  and  help  a  little  to  drain  off  the  water 
by  absorption. 

'  To  return  to  the  wash-mill.  No  coarse  par- 
ticles of  chalk  must  be  allowed  to  pass  into  the 
backs,  as  their  presence  would  endanger  the 
cement.  To  guard  against  this  the  slurry  is 
caused  to  flow  away  from  the  wash-mill  through 
strainers  of  fine  copper-wire  gauze.  Catchpits 
are  placed  between  the  strainers  and  the  backs 
to  intercept  any  coarse  particles  that  may  have 
escaped.  The  process  is  a  continuous  one,  a 
stream  of  water  with  successive  charges  of  chalk 
and  clay  constantly  going  in,  and  a  stream  of 
slurry  continually  flowing  out.  The  rate  of  How 
lias  to  bo  carefully  regulated,  so  as  to  secure  a 
proper  mixture.  Some  of  the  beds  of  clay  are 
easily  washed  down,  while  others  are  most 
tenacious  and  dillicult  to  break  up.  Some  of 
the  chalk  is  soft  and  is  easily  washed  ;  other 
bods,  notably  that  called  the  "  burr  chalk  " — 
which  is  a  kind  of  junction  bed  between  the 
upper  and  lower  chalk  deposits — are  harsh  and 
gritty  in  the  breaking  up.  The  mechanical  con- 
dition of  the  slurry  is  continually  examined 
during  the  process  of  washing,  by  washing  a 
small  known  quantity  through  a  fine  sieve,  and 
drying  and  weighing  the  residue.  The  compo- 
sition of  the  raw  materials  being  known,  their 
accurate  mixture  in  the  required  proportion  is 
simply  a  matter  of  calculation.  To  guard, 
however,  against  possible  error,  the  percentage 
of  carbonate  of  lime  in  the  slurry  is  constantly 
determined.  If  tlie  percentage  is  not  correct 
the  proportions  are  altered,  while  occasional 
stirring  of  the  backs  ensures  a  uniform  product. 
Many  methods  of  analysis  may  be  adopted. 
The  lime  may  bo  determined  directly,  but  the 
opeiation  involves  much  time  and  tedious  work, 
especially  where,  as  in  a  cement  works,  many 
determinations  have  to  be  made.  For  all  practi- 
cal purposes  a  determination  of  carbonic  acid  in 
a  dried  and  gently  ignited  sample  of  the  slurry  is 
sullicient.  From  this  the  percentage  of  carbonate 
of  lime  can  bo  readily  calculated.'  A  form  of 
apparatus  which  gives  the  required  result  in 


I  from  fifteen  to  twenty  minutes,  and  involves 
only  one  weighing,  viz.  that  of  the  quantity 
taken  for  the  determination,  is  Scheibler's  Calci- 
nieter.  The  carbonic  acid  displaces  an  equal 
volume  of  air  which  is  collected  over  water,  its 
volume  read  off,  and  the  weight  of  an  equal 
volume  of  carbonic  acid  is  calculated,  with  the 
usual  corrections  for  temperature  and  atmo- 
spheric pressure.  Another  method,  which  is  very 
accurate,  is  to  absorb  the  carbonic  acid  in  a  (J 
tube  tilled  with  potash-pumice,  or  soda-lime,  the 
j  tube  being  weighed  before  and  after  the  opera- 
tion. '  NYhen  sufficiently  stilT  to  be  dug  out,  the 
slurry,  still  containing  from  40  to  50  p.c.  of 
water,  is  removed  from  the  backs  in  waggons  to 
the  drying  floor.  This  is  healed  by  the  waste 
gases  from  a  range  of  coke  ovens,  in  which  just 
sufficient  coal  is  coked  to  dry  sufficient  slurry  in 
twenty-four  hours  to  load  one  kiln.  The  kilns 
are  seven  in  number,  from  each  of  which  18  tons 
of  cement  clinker  are  drawn.  The  process  of 
burning  is  an  intermittent  one.  The  kiln  is 
charged  with  alternate  layers  of  coke  and  dry 
slurry,  lit  at  the  bottom  by  means  of  tliirty 
baskets  of  coke  laid  ujion  brushwood  faggots. 
These  kilns  are  subject  to  great  wear  and  tear, 
but  injury  is  materially  lessened  by  coating  their 
sides  with  slurry  before  each  charging.  A  charge 
is  usually  burnt  off  in  thirty-six  hours,  after 
which  it  is  allowed  one  or  two  days  to  cool.  The 
charge  is  then  drawn.  The  fuel  and  slurry  are 
distributed  in  the  kiln  according  to  the  judgment 
of  the  burner.  At  these  works  one  ton  of  cement 
is  burnt  with  twenty  bushels  of  coke. 

'  It  may  be  mentioned  here  that  slurry  pre- 
pared with  a  somewhat  lower  percentage  of 
carbonate  of  lime  than  that  previously  mentioned, 
say  from  72  to  73  p.c.,  would  require  less  fuel  to 
1  burn  it,  and  the  resulting  clinker  would  be  more 
'  easily  ground,  but  the  cement  would  have  a  low 
I  tensile  strength.  On  the  other  hand,  a  higher 
percentage  would  largely  increase  the  quantity 
of  fuel  required,  give  a  dense  hard  clinker  very 
difficult  to  grind,  and  the  cement  would  be  liable 
to  crack,  and  fly  when  used.  The  product  from 
the  kilns  is  a  hard  blue-grey  clinker,  from  which 
all  undcrburnt  portions  are  carefully  picked  out. 
The  clinker  is  crushed  by  one  of  Hall's  multiple 
action  stonebreakers,  taken  by  an  elevator  to  a 
chamber  above  the  mill,  from  whence  it  descends 
to  the  millstones.  After  being  finely  ground  it 
is  spread  out  in  the  warehouse  for  a  few  days, 
when  it  is  packed  in  casks  or  sacks  for  delivery. 

'  Portland  cement  is  usually  tested  as  to  its 
tensile  strength,  and  every  English  engineer 
who  buys  it  applies  his  own  tests,  instead  of 
adopting  one  general  and  fixed  rule,  as  in 
Germany.  At  Folkestone  the  manager  tests 
what  strain  the  cement  will  bear  after  being  kept 
t  for  seven  days  underwater.  The  test  demanded 
by  Mr.  lhady  at  the  Folkestone  new  harbour 
works  is  that  it  shall  bear  a  strain  of  810  lbs.  on  a 
sectional  areaof  2.',  square  inches  seven  days  after 
moulding.' 

During  the  process  of  grinding,  samples  are 
continually  taken  for  the  purpose  of  being  tested. 
During  the  year  1881  the  average  of  the  tests  at 
the  Folkestone  Works  gave  a  tensile  strength  of 
497  lbs.  on  the  square  inch  of  sectional  area. 

'  The  total  output  of  I'ortland  cement  at  the 
Folkestone  Works  is  120  tons  per  week.' 
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Anahjsis  of  a  Savipic  of  Slurry  talicn  from 
the  Backs. 
The  slurry  dried  at  lOO^C.  contained: 
Constituents  insoluble  in  hydrochloric  acid  : 
Silica      ....  14-956 
Ferric  oxide     .       .       .  l-!)43 
Alumina ....  5107 
Lime      ....  -173 
Water  of  combination  and 

organic  matter     .       .  1-203 


Constituents  soluble  in  lujdrochloric  acid  i 

Silica       ....  -230 

Ferric  oxide     .       .       .  "493 

Alumina          .       .       .  -230 

Carbonate  of  lime    .       .  75-357 

Magnesia         .       .       .  -201 

Sulphuric  anhydride       .  -067 

Potash     ....  -070 
•127 


Soda 


23-442 

Constituents  soluble  in  hydrochloric  acid 
Constituents  insoluble  in  hydrochloric  acid 

Total    .       .  100-207 

Anahjsis  of  some  Samples  of  Portland  Cement. 


70-703 


23-412  p.c. 
7i;-705 


1 

2 

3 

4 

5 

Insoluble  residue  . 

1-200 

2-560 

2-894 

4-909 

1-074 

Silica  .... 

20-990 

18-917 

21-307 

18-583 

23-832 

Alumina        .  . 

8-.S09 

8-703 

6-593 

7-220 

6-058 

Ferric  oxide   .  . 

4-998 

4-412 

5-380 

5-108 

3-127 

Lime  .... 

01-351 

62-472 

61-459 

01-(I40 

63-1 -29 

Magnesia 

-009 

-841 

•449 

1-505 

l-'iOO 

Sulphuric  anhydride 

•KHO 

-929 

1-422 

•703 

•398 

Potash  .... 

•978 

1-100 

•437 

•754 

Soda      •      •      •  . 

•429 

•271 

100-000 

100-000 

100-376 

100-219 

99-424 

No.  1.  The  Folkestone  Cement  Company's, 
March,  1880. 

No.  2.  The  Folkestone  Cement  Company's, 
September,  1881. 

No.  3.  From  works  on  the  Thames,  1881. 

No.  4.  A  sample  which  possessed  a  strength 
of  500  lbs.  on  the  S(iuare  inch,  made  from  a  mix- 
ture of  blue  lias  limestones. 

Cement  Manufacture,  Cliff,  Kent,  Messrs.  Francis 
of  the  materials  an  i  products,  and  the  changes  d 


No.  5  is  especially  interesting.  The  cement 
was  made  from  refuse  from  the  Channel  Tunnel 
boring  at  the  end  of  1881,  and  possessed  a  high 
tensile  strength. 

'  Cement  when  thrown  on  to  a  sieve  with  2,500 
holes  per  square  inch,  should  not  leave  more 
than  20  p.c.  of  residue.' 

i&  Co. —  Table  showing  the  percentage  composition 
ue  to  burning,  grinding,  and  mixing  luith  ivatcr. 


Gauged  cement 

Clay 

Slurry 

Couieut 

7  (lays  olil 

carried  9SU  lbs. 

Sand  

0'87 

1-24 

0-98 

1-10 

Silica  ..... 

54-11 

11-77 

20-45 

18-77 

Ferric  oxide  .... 

7-76 

2-13 

4-37 

3-08 

Aluminia  .... 

14-08 

4-45 

8-05 

7-04 

Magnesia  .... 

1-48 

1-52 

Magnesium  carbonate  . 

4-48 

2-87 

1-48 

1-52 

Lime  ..... 

02-13 

54-89 

Calcium  sulphate  . 

213 

1-73 

„  carbonate 

2-01 

09-97 

Water  and  carbonic  acid 

15-03 

6-29 

Water  and  organic  matter 

9-45 

98-97 

97-72 

101-07 

98-96 

Cause  of  the  Setting  of  Cements. 

Cements  which  contain  silica,  lime,  and  alu- 
mina set  and  harden  from  the  operation  of  other 
chemical  reactions  than  those  which  can  be  given 
for  the  hardening  and  setting  of  mortar  made  of 
'  fat '  lime  and  sand  or  plaster  of  Paris.  In  the 
last  place,  both  the  material  and  the  conditions 
are  different,  and  preclude  the  same  causes  from 
operation.  The  subject  is  one  of  great  diiliculty  ; 

Vol,.  I.-  T 


(The  Engineer,  vol.  liii.  p.  57,  1882.) 

researches,  some  of  an  elaborate  nature,  carried 
on  during  the  last  hundred  years,  have  not 
entirely  satisUed  our  want  of  knowledge  of  the 
cause  of  the  setting  of  cements,  whether  of 
natural  or  artificial  origin.  Fremy  has  arrived 
at  the  conclusion  that  calcium  aluminate  in 
hydrating  becomes  hard,  and  attributes  the 
setting  of  cements  chiefly  to  this  cause.  He  also 
considers  that  pozzuolane  consist  essentially  of 

I  I 
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an  alumina  silicate  which  heconies  hydrated,  [ 
and  which  is  then  acted  upon  by  calcium 
hydrate.    It  is  this  action  which  causes  the 
setting,  and  not  the  hydration  of  the  alumina 
silicate.    Cements  he  considers  to  be  mixtures 
of  artificial  pozzuolane  with  free  lime.    Feich-  ' 
tinger  has  also  developed  the  view  that  the  free 
lime  in  cements  combines  with  the  silicates  and  , 
causes  the  setting  and  hardening.  Schulat- 
schenko  criticises  Fremy's  statement  that  poz- 
zuolani  and  free  lime  constitute  cements,  and 
quotes  Feichtinger,  who  shows  that  water  de- 
composes the  lime  compounds  in  cements  ;  and  j 
even  the  most  dilute  acids  act  in  the  same  way. 
After  washing  Portland  cement  for  fifteen  days 
with  hydrochloric  acid  diluted  with  20  volumes  of 
water,  there  remained  nothing  but  pure  silicates. 

If  Portland  cement  is  mixed  with  a  concen- 
trated solution  of  ammonium  carbonate,  the 
greater  part  of  the  lime  is  converted  into  car- 
bonate, and  the  mixture  will  not  set.  Kemove 
the  ammonium  carbonate  by  washing,  dry  the 
cement,  and  mix  it  with  water,  still  it  will  not 
set.  If,  however,  some  slaked  lime  be  added, 
then  the  mixture  sets.  If  the  same  cement  be 
placed  in  water  and  subjected  to  a  stream  of 
carbon  dioxide,  the  lime  becomes  carbonated, 
and  the  setting  property  of  the  cement  is  de- 
stroyed ;  it  nuiy,  however,  as  in  the  previous 
case,  be  restored  by  the  addition  of  a  little 
slaked  lime. 

The  licscarcJies  of  M.  le  Chatclier. — In  the 
Annales  des  Mines,  February  1888,  there  is  an 
account  of  long-continued  work  on  this  subject 
which  may  be  said  to  be  of  an  entirely  novel 
character.  When  a  thin  section  of  a  piece  of 
Portland  cement  is  examined  in  the  microscope 
by  the  aid  of  polarised  light,  several  crystalline 
substances  are  observed,  together  with  a  non- 
crystalline or  amorphous  matter.  As  these  sub- 
stances could  not  be  separated  mechanically  so  as 
to  be  submitted  to  chemical  analysis,  M.  lo 
Chatelier  compared  their  optical  properties  with 
those  of  similar  substances  synthetically  prepared. 

The  following  is  a  description  of  the  con- 
stituents of  cement  which  present  the  most 
striking  features : 

1.  A  substance  which  Juis  no  action  on  po- 
larised light.  This  is  a  calcium  aluminate,  rich 
in  lime,  and  sometimes  mixed  with  free  lime. 
A  tricalcic  aluminate  Al.().,.3CuO  has  been  ob- 
tained and  found  to  be  the  only  calcium  com- 
pound besides  lime  itself  which  crystallises  in 
the  cubic  system. 

2.  A  substance  acting  feebly  on  polarised 
light,  and  having  a  very  distinct  crystalline 
form.  This  is  a  calcium  silicate,  considered 
to  be  the  principal,  if  not  the  only,  active  con- 
stituent of  cements  ;  it  is  always  the  most  im- 
portant constituent,  and  sometimes  cements  are 
entirely  composed  of  it.  It  is  considered  to  be 
a  calcareous  peridote  2CaO.Si(\. ;  it  crystal- 
lises in  the  substance  3  when  cements  are  heated 
to  fusion. 

3.  A  strongly  colotircd  brown  substance  which 
act^  upon  polarised  light.  It  is  the  feeblest  of  the 
substances  in  cement ;  it  constitutes  the  gangue 
of  the  substance  4,  and  in  a  state  of  fusion  is 
the  cause  of  its  crystallisation.  Its  composition 
is  that  of  a  calcium  alumino-ferrite,  poorer  in 
lime  than  the  tricalcic  aluminate.    Its  composi- 


tion is  2(.\ll"e)..0;,.3CaO.  It  has  deen  prepared 
directly  and  examined.  It  slowly  alters  in 
water,  and  undergoes  but  little  change  when  it 
sets. 

4.  Sinall  crystals  Jiavittg  a  strong  polarising 
action.  These  are  not  abundant,  and  are  of 
little  importance,  since  they  are  unaltered  by 
the  action  of  water.  They  are  supposed  to  be 
compounds  of  magnesia,  for  it  has  been  proved 
that  all  the  basic  compounds  of  lime  are  altered 
by  water,  the  contrary  being  the  case  with  those 
of  magnesia. 

The  effective  constituents  of  cements  are, 
first,  the  calcium  ortho-silicate  2CaO.SiO. ; 
secondly,  one  or  more  calcium  aluminates  and 
ferrites. 

The  action  of  water  on  cements  causes  the 
formation  of  several  compounds ;  that  which 
plays  the  chief  part  in  the  hardening  process  is 
a  substance  crystallising  in  hexagonal  plates 
analogous  to  the  crystals  of  calcium  hydrate 
CaHoO,,.  No  sufficient  quantity  has  been  ob- 
tained to  make  it  possible  to  determine  its  com- 
position. It  is  derived  from  the  calcium  ortho- 
silicate,  and  is  much  more  abundant  in  cements 
which  are  entirely  free  from  alumina.  In  quickly- 
setting  aluminous  cements  long  needles  are  found 
which  interlace  and  are  of  considerable  dimen- 
sions. In  dry  air  they  become  dehydrated,  and  at 
50°C.  they  fall  to  powder.  They  are  the  result  of 
the  action  of  water  on  the  tricalcic  aluminate. 
This  substance  ALO^.SCaO  dissolves  in  pure  water 
in  the  proportion  of  3  decigrams  per  litre,  and  in 
salt  water  rather  more  freely,  but  with  jnutial 
decomposition.  These  observations  explain  the 
practical  dilfcrences  between  slowly  and  quickly- 
setting  cements  ;  the  latter,  always  being  highly 
aluminous,  set  as  soon  as  the  mass  of  interlaced 
hydrated  crystals  is  formed,  in  a  manner  which 
is  analogous  to  the  setting  of  plaster  of  Paris  (v. 
p.  471). 

Besides  these,  Le  Chatclier  has  discovered 
some  other  products  of  the  reactions  occurring 
in  the  setting  of  cements  which  do  not  act  upon 
polarised  light,  but  he  has  not  been  able  to 
assign  them  any  composition  nor  any  part  in 
the  process  of  setting. 

Calcium  ortho-silicate,  2CaO.SiO._.,  possesses  a 
remarkable  property,  a  knowledge  of  which  serves 
to  explain  a  pheufinicnon  frequently  observed  in 
the  manufacture  of  cements.  Heated  to  fusion, 
it  forms  a  semi-transiuccnt  stony  mass,  which, 
on  being  cooled  slowly,  disintegrates,  and  is 
finally  reduced  to  an  impalpable  powder,  con- 
sisting of  minute  twinned  crystals.  The  un- 
equal dilatation  of  the  opposed  faces  of  the 
twins  is  undoubtedly  the  cause  of  the  disinte- 
gration. If  the  cement  be  not  so  strongly 
heated  the  twins  are  not  formed,  and  the  mass 
is  not  reduced  to  powder  by  cooling.  There  are 
certain  minerals  which,  when  heated,  produce 
cements,  such  as  monticcllitc,  a  magnesium 
calcium  silicate;  this  docs  not  undergo  these 
changes  on  heating  and  cooling.  To  sum  up 
this  work  in  a  few  words  : 

1.  Cements  contain,  when  of  good  quality, 
no  free  lime. 

2.  The  constituents  of  cements  are  : 

a.  A  tricalcic  ortho-silicate  SCaO.SiOj. 

b.  A  tricalcic  aluminate  3CaO.Al,_,0.,. 

c.  A  tricalcic  alumino  ferriteoCaO. 2  (AlFe)i,Oj. 
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3.  The  calcium  coniponntls,  when  the  cement 
is  tempered  with  water,  are  first  decomposed, 
yielding  calcium  hydi'ate. 

4.  When  the  tricalcic  compounds  are  decom- 
posed, there  are  formed  a  hydrated  crystalline 
ortho-calcic  silicate  and  a  hydrated  calcium 
aluminate,  while  the  calcium  alumino-ferrite, 
which  slakes  and  swells  like  quicklime,  is  of 
little  importance. 

In  some  measure,  a  fact  which  is  known  to 
cement-makers  corroborates  Le  Chatelier's  views 
of  the  absence  of  free  lime  in  cement.  Good 
cement  does  not  expand  when  set,  whereas  if  an 
excess  of  lime  be  present,  the  cake  of  cement 
cracks  in  consequence  of  the  expansion  of  free 
lime  during  slaking. 

5.  The  setting  is  caused,  as  in  the  case  of 
plaster  of  Paris,  by  the  cement  becoming  a  con- 
fused mass  of  crystals  of  the  hydrated  com- 
pounds mentioned. 

6.  The  only  hydrated  calcium  silicate  obtained 
synthetically  has  the  formula  '2(CaO.SiOJ.5H^U. 
The  only  hydrated  calcium  aluminate  which  can 
exist  in  presence  of  an  excess  of  lime  has  the 
composition  4CaO.Al203.12H_,0. 

The  formation  of  the  hydrated  silicate  and 
aluminate  in  cement  takes  place  according  to 
the  following  reactions : 

2(SiO,.3CaO)  +  Water 
=  2(SiO,.CaO).5H,0  +  4CaH,02 

and 

Al„0,.3CaO  -I-  CaH.,0.,  +  Water 
=  AlO,-4Ca0.r2H,,0. 
Between  the  setting  and  the  Itardcning  of 
cement  there  is  no  marked  distinction  as  far  as 
the  chemical  process  is  concerned  ;  it  will  be 


necessary  to  say  merely  that  the  setting  is  only 
the  commencement  of  the  hardening  process. 
It  is  characterised  by  a  progressive  diminution 
in  the  fluidity  of  the  mortar.  The  setting  is 
complete  when  the  nail  makes  no  impression  on 
the  mass.  In  an  aluminous  cement  the  hydra- 
tion of  the  aluminate  will  in  great  part  cause 
the  setting,  and  the  hydration  of  the  calcium 
silicate  the  hardening.  The  fineness  of  the 
powder  and  the  porosity  of  the  material  wiU 
affect  the  progress  of  the  hardening. 

Landrin^s  Researches. — In  ascertaining  the 
properties  of  silica  prepared  in  different  ways  it 
was  found  that  insoluble  silica,  separated  by 
acids  from  basic  silicates  and  ignited  at  a  low 
red  licat,  possessed  the  power  of  combining  with 
lime  and  abstracting  it  from  lime  water.  Gela- 
tinous silica  and  soluble  dialysed  silica  behave 
in  like  manner.  The  quantity  taken  up  is  36  to 
38  parts  for  30  of  silica,  which  corresponds  with 
4Ca0.3Si02.  Such  silica  in  a  dry  state,  if 
mixed  with  lime,  acts  in  the  same  manner  as 
pozzuolane,  and  is  referred  to  as  hydraulic 
silica.  Kieselguhr,  if  gently  ignited,  is  hy- 
draulic when  mixed  with  lime.  Pozzuolane  owe 
their  properties  to  the  hydraulic  silica  they 
contain,  and  so  likewise  does  the  Theil  lime. 

If  Theil  lime  be  shaken  with  water  free 
from  carbonic  acid,  after  a  period  of  12  or  15 
days  the  soluble  portion  is  found  to  contain  (1) 
a  large  excess  of  lime  capable  of  being  carbo- 
nated ;  (2)  soluble  calcium  aluminate  ;  (3)  alka- 
line silicates. 

The  composition  of  the  insoluble  residue  is 
shown  by  Landrin  to  be  a  pozzuolana  and  a 
calcium  aluminate,  thus  : — 


Analysis  of  Tltcil  lime  (Landrin) 


\Vater  and 
Carbonic  acid 

Silica 

Ferric  oxide 
and  alumina 

Lime 

Magnesia 

Total 

Loss  at  a  red  heat  . 
Soluble  in  water    .  . 
Insoluble  in  water  . 

4-40 

4-70 
21-70 

1-05 
l-!)5 

35-10 
30-06 

0-:!6 
0-68 

4-40 
41-21 
54-39 

4-40 

26-40 

3-0 

65-16 

1-04 

100-0 

Silica  .  .  2T70 1  Pozzuolana,  or 

Lime  .  .  20-88  j  '  pozzo-portland '  48-58 

Alumina  &           1      i  •           i  ■ 

•  in-    Calcium  alumi- 

lernc  oxide    l-Oo  >       ,  r  lo 

T  -  o  T  o  I    nate  ,       .       .  5-l.i 

Lime  .  ,    318  J 

Magnesia  0-68 


f  Insoluble    .       .  64-39 
Total  as  above  <  Soluble       .       .  41-21 
L Water  and  CO^    .  ^  4-40_ 

100-00 

The  Theil  lime  contains  lumps  which  when 
calcined  yield  an  excellent  Portland  cement ; 
this  property  is  attributed  to  the  very  large 
proportion  of  '  pozzo-portland  '  it  contains.  By 
heating  to  nearly  a  white  heat,  according  to 
Landrin,  mixtures  of  various  silicas,  even  quartz, 
combine  with  lime.  The  mixture  must  be 
fritted  but  not  fused ;  it  then  presents  the 
following  proxierties : 

1.  On  cooling  it  falls  to  powder. 

2.  It  entirely  dissolves  in  hydrochloric  acid. 


3.  Tempered  with  the  smallest  quantity  of 
waler  it  sets  in  15  or  16  days,  but  never  attains 
great  hardness. 

4.  The  hardness  becomes  comparable  with 
that  of  the  hardest  stone  if  the  water  contains 
carbonic  acid. 

On  the  Detection  of  Adulterations  in 
Portland  Cement. 

E.  Fresenius  and  W.  Fresenius  undertook  a 
number  of  experiments  at  the  request  of  the 
German  Association  of  Cement  Makers,  on  ac- 
count of  the  increasing  adulteration  of  cements. 
Numerous  substances,  such  as  ground  shale, 
limestone,  and  other  things,  are  readily  de- 
tected, and  therefore  are  not  so  often  employed 
as  formerly,  but  other  substances  of  nearly  the 
same  composition  as  Portland  cement  have 
taken  their  place. 

Experiments  were  made  with  12  samples  of 
pure  Portland  cement  from  different  parts  of 
Germany,  England,  and  France,  and  these  were 
compared  with  3  kinds  of  hydraulic  lime,  3  of 
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weathered  slag-dust,  and  2  of  ground  slag. 
The  cements  were  of  various  ages  and  had  been 
exposed  to  the  air  for  different  periods.  There 
appeared  to  be,  in  many  respects,  a  greater  dif- 
ference in  the  behaviour  of  the  various  pure 
Portland  cements  than  between  these  and  the 
adulterants,  but  the  following  determinations  are 
sufficient  to  distinguish  between  them  and  to 
detect  the  presence  of  adulterants  iu  Portland 
cement : 

(a)  The  specific  gravity. 

(6)  The  loss  on  ignition. 

(c)  The  alkalinity  of  water  in  which  the 
substance  has  been  placed. 

(d)  The  action  of  dilute  acid. 

(c)  The  action  of  potassium  permanganate. 

(/)  The  action  of  gaseous  carbon  dioxide. 

(a)  For  the  specific  gravity  the  method  of 
Dr.  Schumann  was  employed.  The  apparatus 
consists  of  a  glass  flask  of  100  to  loO  c.c. 
capacity,  in  the  very  short  neck  of  which  is 
placed,  like  a  stopper,  a  tube  of  40  c.c.  capacity, 
graduated  to  ^nths  c.c.  The  vessel  is  filled  to 
the  zero  point  with  tui-pentine,  and  a  weighed 
quantity  of  the  solid  is  introduced  gradually  by 
means  of  a  funnel.  The  weight  divided  by  the 
increase  of  volume  gives  the  speciiic  gravity. 
The  end  of  the  graduated  tube  should  be  loosely 
corked  to  prevent  evaporation,  the  temperature 
should  be  kept  constant,  and  the  vessel  should 
be  carefully  shaken  to  remove  all  air  from  the 
solid.  The  specific  gravity  of  pure  Portland 
cement  is  never  lower  than  3'1,  while  that  of 
the  adulterant  examined  is  always  lower.  The 
results  were  the  same  when  the  cement  was 
very  finely  ground. 

(6)  About  2  grams  were  heated  in  a  platinum 
crucible  over  a  Bunsen  burner  for  20  minutes. 
The  difference  between  Portland  cement  and 
hydraulic  lime  is  very  considerable. 

(c)  The  substance  was  finely  powdered  and 


passed  through  a  sieve  of  .^,000  meshes  to  the 
square  centimetre.  One  gram  was  shaken  with 
100  c.c.  of  distilled  water  at  the  ordinary  tem- 
perature for  10  minutes.  The  solution  was 
passed  through  a  dry  filter,  and  50  c.c.  was 
titrated  with  decinormal  hydrochloric  acid.  Tho 
difference  between  cement  and  hydraulic  limo 
is  in  this  case  considerable,  that  between  the 
cement  and  the  slag  less  so. 

The  results  with  lime  are  the  highest,  and 
with  the  slag  lowest. 

(d)  One  gram  of  the  ground  substance  of  tho 
same  fineness  as  in  (c)  was  shaken  with  30  c.c. 
of  noi-mal  hydrochloric  acid  and  70  c.c.  of 
water  for  10  minutes ;  50  c.c.  of  the  filtrate  were 
titrated  with  normal  caustic  soda.  The  results 
with  the  slag  are  considerably  lower  than  with 
the  other  substances. 

(c)  The  determination  of  the  sulphur  present 
in  the  form  of  metallic  sulphides  always  camo 
out  lower  in  a  mixture  of  cement  and  slag  than 
when  the  two  were  analysed  separately,  because 
in  the  cement  the  iron  was  present  as  ferric, 
and  in  the  slag  as  ferrous  oxide.  The  action  of 
potassium  permanganate  was  therefore  studied. 
One  gram  of  the  substance  finely  powdered  was 
treated  with  150  c.c.  of  a  mixture  of  1  part  of 
dilute  sulphuric  acid  (sp.gr.  1-12)  and  2  parts  of 
water,  and  the  solution  was  titrated  with  potas- 
sium permanganate. 

The  numbers  with  slag  were  much  higher 
than  with  cement  or  lime,  and  were  equally 
reliable  with  the  slag  alone  or  with  a  mixture  of 
slag  and  cement.  Hence  the  quantity  of  slag  iu 
the  mixture  can  be  determined. 

(/)  About  3  grams  of  the  finely  powdered 
substance  (as  in  (c)  and  (d))  were  placed  in  a 
weighed  tube  and  subjected  to  the  action  of 
carbon  dioxide,  dried  over  sulphuric  acid  for 
about  2  hours,  or  until  the  weight  became 
constant.     The  increase  in  weight  gave  tho 
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amount  of  carbon  dioxide  absorbed.  A  small 
calcium-chloride  tube  was  placed  at  the  end 
of  the  weighed  tube  to  absorb  any  water  that 
miglit  be  evolved.  The  hydraulic  lime  was 
found  to  absorb  by  far  the  largest  quantity  of 
the  gas. 

The  numbers  in  the  case  of  a  jjure  Portland 
cement  should  be  as  follows  : 

(a)  Sp.gr.  not  lower  than  3'1. 

(b)  Loss  on  ignition,  between  0-3  and  2'59 
p.c,  certainly  not  much  more. 

(c)  Alkalinity  of  an  aqueous  solution  made 
from  O'o  grams  of  cement,  corresponding  to 
4  c.c.  or  (r'2.5  c.c.  of  decinormal  acid. 

(d)  Volume  of  normal  acid  neutralised  by 
1  gram  of  tlie  powdered  cement,  18'80  c.c.  to 
21-(;7  c.c,  the  lowest  limit  is  not  much  below 
18-8  c.c. 

{(•)  Weight  of  permanganate  reduced  by  1 
gram  of  cement,  0'79  to  2-8  milligrams,  or  not 
much  more  than  2-8. 

(/)  Weight  of  carbonic  anhydride  absorbed 
by  3  grams  of  cement  0'  to  1'8  milligram. 

The  tests  a,  c,  d  and  e,  are  applicable  to  the 
detection  of  slag,  and  a,  b,  c  and/,  to  the  detec- 
tion of  hydraulic  lime. 

Experimental  mixtures  of  9  parts  of  pure 
cement  with  one  part  of  hydraulic  lime,  and 
with  1  part  of  slag  respectively,  showed  that  the 
adulteration  could  in  every  case  be  detected  by 
this  method  of  examination.  It  may  be  con- 
sidered that  the  purity  of  a  cement  is  proved  if 
the  numbers  obtained  on  analysis  fall  within 
the  limits  quoted  above  (Zeitschrift  fiir  ana- 
lytisohe  Chemie,  23,  175 ;  Abstract  J.  Soc.  Cli. 
Ind  .3,  1884). 

R.  Weber,  employing  a  magnifying  power  of 
50-GO  diameters,  after  adding  acetic  acid,  found 
the  cement  particles  to  be  clearly  crystalline, 
wliilst  those  of  slag-powder  were  amorphous. 
Tlie  method,  however,  fails  with  particles  which 
pass  a  sieve  of  5,000  meshes  per  scjuare  centi- 
metre. Dr.  Heintzel  proposes  a  fusion  test  for 
manganese  as  a  means  of  detecting  the  admixture 
of  slag-powder,  since  fine  cement  contains  a 
minimum  of  manganese,  whilst  slag  is  compara- 
tively rich  in  it. 

7.  Oxychloride  Cements.  In  1853  Sorel  dis- 
covered the  fact  tliat  zinc  chloride  mixed  with 
zinc  oxide  united  therewitli  to  form  a  very  hard 
cement.  A  solution  of  magnesium  chloride  in 
like  manner  sets  with  magnesia,  the  product 
being  in  both  cases  an  oxychloride.  The  mag- 
nesium cement  is  of  dazzling  whiteness  and 
great  durability.  It  possesses  the  property  of 
easily  agglomerating  sand  in  the  proportions  up 
to  20  parts  for  one  of  magnesia.  The  Union 
Stone  Company  of  Boston,  U.S.,  prepare  magnesia 
by  burning  magnesite,  MgCO.,,  at  a  moderate 
temperature.  When  reduced  to  an  impalpable 
powder,  the  magnesia  is  mixed  with  powdered 
marble  or  other  similar  material.  Tlie  mixture 
is  moistened  with  a  solution  of  magnesium 
chloride  of  sp.gr.  1-1C2  to  1  203  in  sulliciont 
quantity  to  yield  a  plastic  paste  ;  this  is  pressed 
into  moulds  and  left  to  harden,  and  at  the  end 
of  8  days  it  is  fit  for  building  purposes.  Mag- 
nesium cement  mixed  with  emery  powder  is 
used  for  making  emery  wheels  and  hones. 

According  to  a  recent  patent.  No.  7,304,  May 
C,  lS8i,  tibiuus  asbestos  is  mixed  with  magnesia 


and  then  saturated  with  a  solution  of  magnesium 
chloride.  It  may  be  moulded  into  any  form, 
but  is  especially  applicable  for  use  as  boards  or 
sheathing  for  roofings,  wearing  surfaces  of  car- 
brakes,  and  for  building  purjjoses. 

8.  Artificial  Stone.  The  various  substances 
classed  under  this  description  were  all  pre- 
ceded by  the  material  invented  by  P.  Kansome, 
which  was  preisared  from  a  jjaste  of  silicious  sand 
or  limestone  with  sodium  silicate.  The  mass 
hardens,  but  is  damaged  by  moisture  unless  the 
sodium  salts  are  removed.  The  blocks  are 
therefore  steeped  in  a  solution  of  calcium  chlor- 
ide whereby  a  calcium  silicate  is  formed  and 
sodium  chloride  is  dissolved  away.  A  modifica- 
tion of  this  process  consisted  in  adding  to  a 
solution  of  an  alkaline  silicate,  soluble  silica 
obtained  from  near  Farnham  in  Surrey,  sand, 
and  lime  or  materials  containing  lime.  The 
ingredients  are  thoroughly  mixed  and  placed  in 
moulds.  The  insoluble  calcium  silicate  is  formed 
throughout  the  mass  and  in  time  a  stone  of 
great  hardness  is  obtained.  More  recently  it  has 
been  proposed  by  Eansome  (Patent  0,517,  April 
18,  1884)  to  mix  slag  sand  with  caustic  or  slaked 
lime,  or  with  spent  oxide  from  gas-works,  the 
sulphur  in  the  latter  being  removed  by  a  .special 
process. 

Artificial  paving  stones  are  made  of  sand 
and  cement,  or  of  coarsely  powdered  granite  and 
cement.  Similar  mixtures  have  been  used 
for  the  construction  of  water-cisterns  in  one 
piece,  and  crystallising  tanks  for  chemical 
works. 

Artificial  lithographic  stones,  according  to  F. 
Wirtli  (Patent  3,80.8,  February  23,  1884),  may 
be  prepared  as  follows  :  — 

Cement  is  mixed  and  made  to  harden  as 
quickly  as  possible,  with  warm  water  if  neces- 
sary. This  is  allowed  to  form  thin  plates  which 
are  repeatedly  moistened  with  water  and  heated 
till  they  shrink. 

The  plates  are  ground  to  powder  and  mixed 
with  unset  cement.  The  powder  is  compressed 
at  20  atmospheres  in  a  mould,  air  is  exhausted 
therefrom  and  water  admitted,  &c. 

Stones  thus  produced  are  said  to  be  superior 
to  the  natural  Solenhofer  stone. 

9.  Concrete.  Concrete  is  an  artificial  stone 
composed  of  a  mixture  of  sand,  gravel,  powdered 
granite,  or  sandstone  with  Portland  or  other 
cementing  material,  tempered  so  that  the  whole 
will  set  into  a  hard  mass. 

Mr.  Bindon  Stoney  built  the  North  Wall  of 
the  Liffey,  at  Dublin,  of  concrete  blocks  weigh- 
ing no  less  than  330  tons  apiece,  and  measuring 
23  feet  at  the  base,  20  feet  deep,  and  10  feet 
upon  the  face.  They  were  built  on  a  strong 
platform  formed  upon  the  shore  to  carry  this 
enormous  weight,  and  were  allowed  to  remain 
long  enough  for  them  to  harden  before  being  re- 
moved. They  were  floated  to  their  places  and 
lowered  to  the  base  previously  prepared  for  them 
under  a  large  diving-bell  20  feet  square.  In 
fine  weather  they  might  be  laid  on  an  average  of 
one  block  at  every  tide.  Bridges  and  houses 
have  been  built  without  a  joining,  that  is  to  say 
of  one  piece,  with  concrete ;  roads  and  streets 
have  been  made  of  it,  and  M.  Coignet  built  20 
miles  of  sewers  in  Paris  with  it.  Harbour  works 
everywhere  are  more  or  less  constructed  of  it. 
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A  variety  of  concrete  called  bi!ton  is  made  in 
I'lance.  The  ditTeience  between  concrete  and 
hiHon  is  this :  while  concrete  is  made  by  mixing 
dry  cement  and  stones  or  gravel  together  and 
then  adding  water,  bt'lon  is  prepared  by  mixing 
a  mortar  of  cement  and  sand,  and  the  aggregate 
of  gravel  or  other  material.  Concrete  or  b(Sto)i 
may  be  prepared  with  the  following  cementing 
materials :  (n)  hydraulic  lime,  (6)  hydraulic 
lime  and  trass,  (c)  hydraulic  lime  and  pozzuo- 
lana,  (d)  Eoman  cement,  (c)  Portland  cement. 
Composition  of  dill'erent  concretes  : 
Dublin;  North  Wall.  Portland  cement  1 
part,  Liffey  gravel  10  parts. 

Biarritz,  Harbour  of  Eefuge.  Portland 
conient  1  part,  sand  2  parts,  broken  stone  3 
parts. 

St.  Jean  de  Luz.  Portland  cement  1  part, 
sand  2.|  parts,  stones  3  parts. 

Trieste,  quay  walls.  Santorin  earth  7  mea- 
sures, slaked  lime  2  measures,  broken  stones  7 
measures. 

Trieste,  quay  walls.  Santorin  earth  14  mea- 
sures, lime  5  measures,  broken  stones  12  mea- 
sures. 

Copenhagen,  sea-forts.  Portland  cement  1 
part,  sand  4  parts,  fragments  of  stones  16 
parts. 

The  durability  of  concrete  depends  upon  the 
excellence  of  the  cement,  the  skill  with  which 
the  concrete  is  mixed,  and  the  suitability  of  the 
aggregate.  Most  disastrous  accidents  have  hap- 
pened through  the  decay  of  sea-walls  and  har- 
bour works. 

The  decay  of  ccmmita.  The  decay  of  cements 
exposed  to  sea-water  appears  in  certain  cases  to 
have  been  due  to  the  replacement  of  lime  in  the 
cement  by  magnesia  derived  from  the  salts  in  the 
sea-water.  Magnesian  cements,  that  is  to  say, 
Portland  cements,  containing  a  good  deal  of 
magnesia,  have  been  recommended,  but  accord- 
ing to  Lechartier  such  cements  are  not  to  be 
relied  on,  since  they  undergo  a  change  in  volume 
and  disintegrate. 

For  harbour  works  engineers  would  do  well 
not  to  approve  of  cements  containing  more  t'uan 
1  p.c.  of  magnesia. 

II.  BesinouB  Cements  and  Adhesive  Materials. 

The  most  important  of  the  resinous  cements 
are  those  termed  mastics,  which  Vicat  invented 
to  supersede  asphalt,  a  material  which  had  been 
used  in  some  of  the  most  ancient  structures. 

The  mastics  arc  made  of  tar  boiled  with 
different  materials  such  as  lime  or  powdered 
brick.  The  composition  which  appears  to  have 
been  of  the  most  tenacious  character  was  com- 
posed of  IG  parts  by  weight  of  tar,  and  3G  parts 
of  red  brick  cement.  (Happort  sur  un  Memoire 
de  M.  Vicat,  intitule  Eecherches  sur  les  mastics 
resineux,  A.  27,  7'J.) 

Lime  boiled  in  tar  is  used  to  cement  stones 
B\ich  as  Yorkshire  flags,  for  the  purpose  of  ren- 
dering them  air-tight  to  corrosive  gases  in  the 
construction  of  absorbing  towers  and  acid  tanks 
in  cl\eniical  works. 

Unhke  piaster  of  Paris  and  hydraulic  cements, 
which  are  more  or  less  crystalline"  when  set, 
most  otlicr  adliesive  materials  are  colloid  sub- 
stances and  may  be  divided  into  three  classes. 


I.  Resinous  Cements. 

1.  Those  which  soften  by  heat  and  harden 
when  cold :  scaling  wax;  marine  gliif. 

2.  Those  which  are  dissolved  but  which 
harden  by  evaporation  of  the  solvent.  The 
solvent  may  be  either  a  hydrocarbon  or  a  hydro- 
carbon derivative  as  alcohol  or  chloroform. 
Caoutchouc  in  chloroform;  Canada  balsam; 
Dammar  resin  ;  Balsams,  that  is  to  say  resins 
found  in  solution  in  hydrocarbons  of  the  tei-peue 
class. 

II.  Olca^/inous  Cements. 

3.  Jfixtures  containing  oils  which  harden  by 
oxidation  when  exposed  to  the  air.  ]Vhitc  lead; 
Bed  lead;  Putty. 

III.  Gummy  and  Gelatiiious  Cements. 

4.  Those  which  do  not  soften  by  heat  but 
soften  in  water.  Gum  arable  ;  Dextrin ;  Gela- 
tine ;  Glue. 

5.  Those  which  are  either  gelatinised  or  dis- 
solved in  water,  or  in  some  aqueous  solution, 
and  harden  by  absorption  of  the  water  by  the 
materials  cemented.  Starch  paste  ;  Gelatine  in 
water;  Liquid  glue;  Gelatine  in  acetic  acid; 
Albumen;  Albumen  and  lime. 

Gum,  glue,  and  paste  are  cements,  the  uses  of 
which  are  well  known. 

Diamond  cement  is  a  preparation  of  isinglass 
and  gum  ammoniacum  dissolved  in  alcohol  (r. 
GcM  resins).  It  is  employed  to  mend  glass  and 
china. 

Sir  John  Robinson's  cement  is  thus  de- 
scribed : 

'  If  it  be  wished  to  dissolve  good  isinglass  in 
spirits  of  wine,  it  should  first  be  allowed  to  soak 
for  some  time  in  cold  water.  When  swelled  it  is 
to  be  put  into  the  spirit,  and  the  bottle  contain- 
ing it  being  set  in  a  pan  of  cold  water  may  be 
brought  to  the  boiling  point,  when  the  isinglass 
will  melt  into  a  uniform  jelly,  without  lumps  or 
strings,  which  it  is  apt  to  have  when  not  swelled 
in  cold  water  previously  to  being  put  into  spirits. 
A  small  addition  of  any  essential  oil  diminishes 
its  tendency  to  become  mouldy. 

'  If  gelatine  which  has  been  swelled  in  cold 
water  be  immersed  in  linseed  oil  and  heated  it 
dissolves,  andforms  aglue  of  rcmarkabletenacity, 
which,  when  once  dry,  perfectly  resists  damp, 
and  two  pieces  of  wood  joined  by  it  will  separate 
anywhere  else  rather  than  at  the  joint.  Ordinary 
glue  may  be  thus  dissolved,  and  sometimes  a 
small  quantity  of  red  lead  in  powder  is  added.' 

Shellac  dissolved  in  alcohol,  or  in  a  solution 
of  borax,  or  still  better  in  naphtha,  forms  a  good 
cement.  White  of  egg  alone,  or  mixed  with 
finely  sifted  quicklime,  will  answer  for  uniting 
objects  which  are  not  exposed  to  moisture.  The 
latter  combination  is  very  strong,  and  is  much 
employed  for  joining  pieces  of  spar  and  marljle 
ornaments.  A  similar  composition  is  used  by 
coppersmiths  to  secure  the  edges  and  rivets  of 
boilers,  only  bullock's  blood  is  the  albuminous 
matter  used  instead  of  white  of  egg.  Another 
cement  in  which  an  analogous  substance,  the 
■  curd  or  caseine  of  milk,  is  employed,  is  made  by 
boiling  slices  of  skim-milk  cheeses  into  a  gluey 
consistence  in  a  groat  quantity  of  water,  and 
then  incorporating  the  mixture  with  quicklime 
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on  a  slab  with  a  mullev,  or  in  a  marble  mortar. 
When  this  compound  is  applied  warm  to  broken 
edges  of  stoneware,  it  unites  tliem  very  firmly 
after  it  is  cold. 

A  cement  which  gradually  indurates  to  a 
stony  consistence  may  be  made  by  mixing  20 
parts  of  clean  river  sand,  2  of  litharge,  and  1  of 
quicklime,  into  a  thin  putty  with  linseed  oil. 
When  this  cement  is  applied  to  mend  broken 
pieces  of  stone,  as  steps  of  stairs,  it  acquires 
after  some  time  a  stony  hardness. 

The  iron-rust  cement  is  made  of  from  50  to 
100  parts  of  iron  borings,  pounded  and  sifted, 
mixed  with  1  part  of  sal  ammoniac,  and  when  it 
is  to  be  applied,  moistened  with  as  much  water  as 
will  give  it  a  pasty  consistency.  Formerly 
flowers  of  sulphur  were  used,  and  much  more 
sal  ammoniac,  in  making  this  cement,  but  with 
decided  disadvantage,  as  the  union  is  affected  by 
the  oxidation,  and  consequent  expansion  and 
solidification  of  the  iron  powder,  and  any  hete- 
rogeneous matter  obstructs  the  effect.  The  best 
proportion  of  sal  ammoniac  is  1  p.c.  of  the  iron 
borings.  Another  eomiDOsition  of  the  same  kind 
is  made  by  mixing  4  parts  of  fine  borings  or 
filings  of  iron,  2  parts  of  potter's  clay,  and  1  part 
of  pounded  potsherds,  and  making  them  into  a 
paste  with  salt  and  water.  When  this  cement  is 
allowed  to  concrete  slowly  on  iron  joints  it  be- 
comes very  hard. 

For  making  architectural  ornaments  in  relief, 
a  moulding  composition  is  formed  of  chalk,  ghie, 
and  paper  paste.  Even  statues  have  been  made 
with  it,  the  paper  aiding  the  cohesion  of  the 
mass.    Some  French  statuettes  are  so  made. 

Mastics  of  a  resinous  or  bituminous  nature 
which  must  be  softened  or  fused  by  heat  are  the 
following. 

Varley's cement  consists  of  IG  parts  of  whiting 
sifted  and  thoroughly  dried  by  a  red  lieat,  adding 
when  cold  a  melted  mixture  of  16  parts  of  black 
resin  and  1  of  beeswax,  and  stirring  well  during 
the  cooling. 

Singer's  cement  for  electrical  and  chemical 
apparatus  consists  of  5  lbs.  of  resin,  1  of  beeswax, 
1  of  red  ochre,  and  2  tablespoonfuls  of  Paris- 
plaster,  all  melted  together.  The  ochre  and  the 
plaster  of  Paris  should  be  calcined  beforehand, 
and  added  to  the  other  ingredients  in  their  melted 
state.  The  thinner  the  stratum  of  cement  that 
is  interposed,  the  stronger,  generally  speaking, 
is  the  junction. 

Boiled  linseed  oil  and  red  lead  mixed  together 
into  a  putty  are  often  used  by  copp?rsmiths  and 
engineers  to  secure  joints.  The  washers  of  leather 
or  cloth  are  smeared  with  this  mixture  in  a  pasty 
state. 

The  resin  mastic  is  sometimes  used  by 
jewellers  to  cement  cameos  of  white  enamel  or 
coloured  glass  to  a  real  stone,  as  a  ground  to 
produce  the  appearance  of  an  onyx.  Mastic  is 
likewise  used  to  cement  false  backs  or  doublets 
to  stones  to  alter  their  hue. 

Melted  brimstone,  either  alone  or  mixed  with 
resin  and  brickdust,  forms  a  tolerably  good  and 
very  cheap  cement. 

Plumber's  cement  consists  of  black  resin  1 
part,  brickdust  2  parts,  well  incorporated  by  a 
melting  heat. 

The  cement  for  coating  the  fronts  of  buildings 
consists  of  linseed  oil  boiled  with  litharge,  and 


mixed  with  porcelain  clay  in  fine  powder, 
to  give  it  the  consistence  of  stiff  mortar.  Pipe- 
clay would  answer  equally  well  if  well  dried, 
and  any  colour  might  be  given  with  ground 
bricks  or  pottery.  A  little  oil  of  turpentine  to 
thin  this  cement  aids  its  cohesion  upon  stone, 
brick,  or  wood.  It  has  been  applied  to  sheets 
of  wire  cloth,  and  in  this  state  laid  upon 
terraces,  in  order  to  make  them  water-tight ;  but 
it  is  little  less  expensive  than  lead. 

The  bituminous  or  black  cement  for  bottle 
corks  consists  of  pitch  hardened  by  the  addition 
of  resin  and  brickdust. 

In  certain  localities  where  a  limestone  im- 
pregnated with  bitumen  occurs,  it  is  dried, 
ground,  sifted,  and  then  mixed  with  about  its 
own  weight  of  melted  pitch.  When  this  mixture 
is  getting  semi-fluid,  it  may  be  moulded  into  large 
slabs  or  tiles  in  wooden  frames  lined  with  sheet- 
iron,  previously  smeared  over  with  common  lime 
mortar,  in  order  to  prevent  adhesion  to  the 
moulds,  which,  being  in  movable  pieces,  are 
easily  dismounted  so  as  to  turn  out  the  cake  of 
artificial  bituminous  stone.  This  cement  is 
manufactured  upon  a  great  scale  in  many  places, 
and  used  for  making  Italian  terraces,  covering 
the  floors  of  balconies,  flat  roofs,  water  reservoirs, 
water  conduits,  &c.  When  laid  down,  the  joints 
must  be  well  run  together  with  hot  irons.  The 
floor  of  the  terrace  should  be  previously  covered 
with  a  layer  of  Paris  plaster,  or  common  mortar, 
nearly  an  inch  thick,  with  a  regular  slope  of  one 
inch  to  the  yard.  Such  bituminous  cement 
weighs  Hi  pounds  the  cubic  foot ;  or  a  foot  of 
square  surface,  one  inch  thick,  weighs  12  lbs. 
Sometimes  a  second  layer  of  these  slabs  or  tiles 
is  applied  over  the  first,  with  the  precaution  of 
making  the  seams  or  joints  of  the  upper  corre- 
spond with  the  middle  of  the  under  ones.  Oc- 
casionally a  bottom  bed,  of  coarse  cloth  or  grey 
paper,  is  applied. 

An  excellent  cement  for  resisting  moisture  is 
made  by  incorporating  thoroughly  8  parts  of 
melted  glue,  of  the  consistence  used  by  carpenters, 
with  4  parts  of  linseed  oil,  boiled  into  varnish 
with  litharge.  This  cement  hardens  in  about 
forty-eight  hours,  and  renders  the  joints  of 
wooden  cisterns  and  casks  air  and  water  tight. 
A  compound  of  glue  with  one-fourth  its  weight  of 
Venice  turpentine,  made  as  above,  serves  to 
cement  glass,  metal,  and  wood  to  one  another. 
The  gluten  of  wheat,  well  prepared,  is  also  a 
good  cement.  White  of  eggs  with  flour  and 
water  well  mixed,  and  smeared  over  linen  cloth, 
forms  a  ready  lute  for  steam  joints  in  small 
apparatus. 

White  lead  ground  upon  a  slab,  with  linseed 
oil  varnish,  and  kept  out  of  contact  of  air,  affords 
a  cement  capable  of  repairing  fractured  articles 
of  all  kinds.  It  requires  a  few  weeks  to  harden. 
When  stone  and  iron  are  to  be  cemented  together, 
a  compound  of  equal  parts  of  sulphur  and  pitch 
answers  very  well. 

Lapidaries'  cement  is  made  of  resin,  tempered 
with  beeswax  and  a  little  tallow,  and  hardened 
with  re  1  ochre  or  Spanish  brown  and  wliiting. 

Opticians'  cement,  for  fixing  glasses  for  grind- 
ing, is  made  by  mixing  sifted  wood  ashes  with 
melted  pitch  ;  the  ashes  absorb  the  oil  in  the 
pitch,  and  the  adhesiveness  of  the  pitch  is 
thereby  reduced.    The  proportions  are  some- 


488 


CEMENTS. 


what  varied  with  the  temperature  of  the  season 
and  the  qualities  of  the  pitdi;  but  generally 
about  4  lbs.  of  wood  ashes  to  14  lbs.  of  pitch  are 
employed,  and  the  cement,  if  too  hard  and  brittle, 
is  softened  with  hog's  lard  and  tallow. 

Japanese  cement  is  said  to  be  prepared  by 
intimately  mixing  rice  flour  with  cold  water,  and 
then  boiling  the  mixture ;  it  is  white,  and  dries 
nearly  transparent. 
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CERADIA. 


CERABIA  V.  Or.EO-nESiNS. 
CERASIN  V.  Gums. 

CERASINE.  Syn.  Fast  Red,  Roccellin,  Or- 
seilline  -1,  liuhidine,  v.  Azo-  colouhinq  ma'iters. 

CERASINOSE  C„H,,0„  or  C,H,„0,  obtained 
by  Sachsseand  Martin  by  the  action  of  sulphuric 
acid  on  cherry-tree  gum.  It  is  converted  by  acids, 
and  long  standing  in  solution,  into  arabinose 
(Martin  and  Sachsse,  Phytochemische  Unter- 
suchungen,  Leipzig,  1880).  The  body  is  probably 
a  mixture  of  arabinose  and  galactose  (O'S.  &  H.). 

CEBEAIS.  The  grain-bearing  plants  of 
which  a  brief  account  will  be  given  in  this 
article,  are  wheat,  oats,  barley,  maize,  rice,  and 
millet.  We  shall  consider:  1.  The  proximate 
composition  of  the  harvested  grain  and  straw, 
their  parts  and  products  ;  with  some  reference  to 
the  influence  of  climate,  season,  and  manuring  on 
this  composition.  2.  The  composition  of  the  ash, 
with  the  alterations  due  to  season  and  manuring. 
AVe  shall  conclude  with  a  brief  reference  to  the 
chemical  life-history  of  these  crops,  and  the 
amount  of  plant  food  which  they  remove  from 
the  soil. 

I.  Proximate  composition.  1.  Whole  ijrain. 
The  following  table  shows  the  average  compo- 
sition, as  far  as  at  present  ascertained,  of  the 


various  cereal  grains.  As  climate  has  a  consi- 
derable influence  on  the  character  of  a  seed,  the 
composition  of  the  grain  of  different  countries 
has  been  given  separately  in  some  cases,  when 
sulKcient  material  existed  for  such  a  statement. 
The  analyses  marked  '  Konig '  are  taken  from 
his  '  Chemische  Zusammensetzung  der  men- 
schlichen  Nahrungs-  und  Genussmittel,'  1882, 
supplemented  in  some  cases  by  later  analyses 
published  in  tlie  Jahresbericht.  Those  marked 
'  Richardson  '  from  Ani.  G,  302  ;  or  from  Bul- 
letin Xo.  9,  Department  of  Agriculture,  Wash- 
ington, 188().  Those  marked  '  Johnson  '  from 
Report  of  Connecticut  Agricultural  Station, 
1881.  Those  marked  '  Church,'  are  from  his 
Food  Grains  of  India,  188G. 

In  calculating  the  ratio  of  nitrogenous  to 
non-nitrogenous  substance,  it  is  assumed  that 
the  fibre  is  undigested  by  man.  The  fat  is  multi- 
plied by  2-5  and  added  to  the  carbohydrates, 
the  sum  giving  the  total  non-nitrogenous  sub- 
stance in  the  food  reckoned  as  starch.  This  total 
is  then  divided  by  the  amount  of  nitrogenous 
substance.  The  ratios  would  probably  be  wider 
if  we  could  take  into  account  the  relative  pro- 
portions of  nitrogenous  and  uou-nitrogenous 
matter  digested  by  man. 


Average  Composition  of  Cereal  Graim. 
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Number 
of 

analyses 

Water 

^  itrogenous 
substauce 

Fat 

L»arDO- 
hydratcs 

Fibre 

Ash 

Authorities 

R-itio  of 
nitrogenous 

to  non- 
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substance 

Wlieat    (European,    excluding  i 

208 

J3-7 

12-3 

1-8 

67-9 

2-5 

1-3 

( Kiinig 
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:  5-9 

Kussiiin)      ■      ■      ,  J 

1  l'(.|iipflv% 

„     (American)  mean      ,  . 

407 

10-2 

12-2 

2*2 

71-7 

1-3 

1-9 

Richordsou 

1 

:  C*3 

„            „         liigliest  p.c.  . 

12-5 

lS-0 

3G 

78-7 

3-1 

30 

„            „         lowest  p.c. 
„    (East  Indian) 

7*7 

1-4 

G4-3 

0-4 

0*8 

12-5 

13-5 

1-2 

6S-4 

2*7 

1*7 

Cluirch 

1 

:  5*3 

12 

12-1 

11-0 

2-S 

CG-4 

5-5 

2*2 

K:  nig 

1 

.*  6  7 

Rye  (European)     .      .      ■  . 

ii 

15-0 

11-5 

1-8 

G7-9 

2*0 

i-8 

Kinig 

1 

.*  6*3 

„    (American)  mean .      ,  . 

57 

S'7 

11-3 

1-9 

74-5 

1  5 

•2-1 

Kichardson 

1 

:  7*0 

„          „         liiglicst  p.c. 

lu-u 

15-G 

2-9 

77-5 

1*9 

3-7 

„          „         lowest  P.O.  . 

7-0 

1-4 

CS-7 

1-1 

1-3 

Oats,  with  husk  (European) 

170 

12-3 

10-4 

5-2 

58-0 

11-1 

3-0 

J  Kiinig 
1  (chiefly) 

1 

:  C*S 

„          „       (American)  mean 
„    without  husk  „  „ 
„            „            „  Uigliest  p.c. 

100? 

U-1 

10-8 

5-9 

G7-4 

6*3 

3-2 

Elcharilson 

1 

;  7*6 

179 

G-9 

M-3 

SI 

07-1 

1*4 

2-2 

1 

:  Gl 

11-1 

111-4 

11-2 

71-9 

2*1 

2*9 

„            „            „  lowest  p.c. 

4-7 

9-1 

G-5 

62-S 

0*9 

0*9 

Barley  (European) 

125 

13-7 

111 

2*2 

65-0 

5*3 

2*7 

Kiinig 

1 

:  0*4 

„       (Snxou)     .      ,      .  . 

many 

Ki-0 

S-4 

I-G 

GG-S 

4-6 

3*6 

Miirokcr 
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:  8*4 

„      (Canadian)       .      .  . 

12 

,s-0 

9-8 

2  7 

73-2 

3-5 

•.'•8 

Ricliarilson 
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:  8*2 

„      (United  States)  mean 

GO 

i'.'.) 

11-3 

72-8 

3-8 

2*9 

1 

:  7*0 

„                „         higlicst  p.c. 

11-9 

3-5 

7G-8 

4-7 

4*4 

,,                „         lowest  p.c, 
,,  without  husk  (United  States) 

■I-.") 

h'8 

21 

0.1-0 

2-fi 

1-3 

15 

ti-3 

u-s 

2-7 

75-4 

1-6 

1) 

1 

:  7*0 

Maize  (lOuropean)  .... 
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13-3 

9-3 

4-5 

6S-4 

2-5 

1-5 

Kiinig 
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:  8*1 

„     (American)  mean      ,  . 

111 

lO'O 

10-5 

0-2 

70-7 

2-1 

1-5 

Ilicliardsou 

1 

:  8*0 

„            „         highest  p.c.  . 

l.Vl 

i:i-7 

7'5 

75-7 

3-1 

3-1 

„            „         lowest  p.c. 

7-I 

7-0 

3-9 

GG-0 

0-8 

1-0 

Uicc  with  hu-ik  .... 

1 

IIU 

5-a 

1-8 

72-7 

6*8 

4-2 

Ivdnig 

1  : 

13*1 

„   cleaned  (American)  . 

10 

12-I 

7-1 

0-4 

79-2 

0*2 

0-4 

Johnson 

1  : 

10*3 

,,       ,,      (Kast  Indian)  . 

12-8 

7-3 

0-G 

78-3 

0-4 

0-6 

Cliuri-h 

1  : 

10-9 

,.        „      (Japanese)  , 

12-8 

6-1 

20 

73-9 

4*0 

1-2 

Kinoh 

1  : 

12-9 

Millet,  .So/'O'/iKm 

12-5 

9-3 

2-0 

72-3 

2*2 

1*7 

Churoli 

1  : 

8-3 

„           „      lartaiicum  . 

7 

11-1 

9-5 

4-2 

71-7 

1*7 

1*3 

various 

1  : 

8*2 

„  I'liniciim  miiiactum  with  luHk 

2 

13-2 

10-2 

3-8 

60-9 

12-8 

3-1 

1 

:  0-5 

..        >,           „    without  husk 

C 

11-0 

12-4 

4-7 

65-0 

3-3 

2*4 

( Kiinig 
1  (.■hirliy) 

1 

:  6*2 

„        ,,  tiiiliinv 

10'2 

9-1 

3G 

G9-0 

4-6 

3-5 

CliurcU 

1 

.  8-G 

n        „  f lumiiilacemn  . 

12-0 

8-4 

3-0 

72-5 

2-2 

1*9 

Clmreh 

1 

:  11*5 

I,        „     euloniim  without  luisk 

120 

9-G 

U-G 

74-3 

1-5 

2*0 

Church 

1 

.  7-9 

„  /'at/xi liim  xivbiciilaliim  with 

husk  .... 

11-7 

70 

2-1 

77-2 

0-7 

1*3 

CInirch 

1  : 

11*8 

,,  I'rhninliim  lijphoiilfum  with  husk 

'  11-3 

HI-4 

3-3 

71-5 

1-5 

2-0 

Churoli 

1 

„  .Sc.'ii/ id  i/ir/irii.  without  liu^k  . 

l(l'2 

10  8 

2-9 

73-4 

1*5 

1*2 

Cliuri'h 

1 

:  7  5 

„  /i7<  u.<iHc  cuniOKiiif  with  liusk  . 

12-5 

5-9 

0-8 

74-0 

3-6 

2*G 

Cliuieh 

1  : 

13-H 

<■       „                witliout  husk  . 

13-2 

7-3 

1-5 

73-2 

2-5 

2-3 

Cliiirch 

1  : 

10*0 
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The  cereal  grains  containing,  for  an  equal 
■^'eight,  the  largest  supply  of  nutriment,  are  oats 
(deprived  of  husk)  and  maize ;  some  of  the 
millets  that  are  rich  in  fat  may  equal  maize, 
hut  the  average  composition  of  the  millets  is  at 
present  imperfectly  ascertained.  Tlie  grains 
richest  in  nitrogenous  substance  are  the  kernel 
of  oats,  and  the  wheat  of  liot  dry  climates, 
notably  that  of  South  Russia.  Some  analyses 
of  the  kernel  of  P.  miliaceum  also  show 
14-15  p.c,  of  nitrogenous  substance.  Tlie 
relation  of  nitrogenous  to  non-nitrogenous  sub- 
stauce  is  seen  from  the  table  to  vary  from 
1  :  5-3  in  the  case  of  Indian  wheat,  to  1  :  10-9  in 
the  case  of  cleaned  rice,  and  to  even  a  wider 
ratio  in  the  case  of  some  of  the  millets.  The  grains 
richest  in  fat  are  oats  and  maize  ;  a  few  of  the 
millets  perhaps  equal  maize.  The  notable  pro- 
portion of  fat  in  oats  and  maize  is  of  considerable 
importance,  as  fat  is  a  constituent  generally  deti- 
cient  in  cereal  grains.  Cleaned  rice  is  pre-eminent 
among  the  cereals  for  its  high  p)roportion  of 
starch,  and  low  proportion  of  ash.  It  is  of 
little  use  to  compare  the  percentage  of  ash  found 
in  dilferent  grains,  as  any  seed  having  a  thick 
husk  or  bran  will  yield  more  ash  than  one  not 
so  covered  ;  for  dietetic  purposes  we  should  com- 
pare, not  the  seeds,  but  the  flour  or  meal  pre- 
pared from  them. 

Most  cereal  grains  exhibit  a  wide  range  of 
composition,  dejiending  on  1.  the  variety  of  tlie 
species ;  2.  the  character  of  the  soil  ;  3.  the 
conditions  of  the  season  when  grown  :  this 
last  condition  is  perhaps  the  most  important. 
Cereals  having  a  thick  husk  (as  oats),  vary 
greatly  in  composition  according  to  the  propor- 
tion of  husk  to  kernel ;  with  such  grains  the 
liigher  the  weight  per  bushel,  the  larger  will  be 
tliu  proportion  of  kernel.  An  abundant  supply 
of  nitrogenous  food  in  the  soil,  especially  if  the 
most  essential  ash  constituents,  phosphoric  acid 
and  potash,  are  deficient,  will  tend  to  increase 
the  proportion  of  nitrogenous  substance  in  the 
grain.  The  supply  of  nitrogen  and  ash  constitu- 
ents f)'om  the  soil  is  comparatively  little  alfected 
by  season,  but  the  assimilation  of  carbon  from 
tlie  atmosphere  by  the  crop  is  directly  depen- 
dent on  the  length  of  the  period  of  growth,  and 
on  the  conditions  of  light,  heat,  and  moisture 
during  that  period.  Premature  or  imperfect 
ripening  tlius  imp)lies  a  deficiency  of  starch  in 
the  grain,  and  conse(]uently  a  high  proportion 
of  nitrogenous  substance.  With  the  same  food 
supply  from  the  soil,  and  a  longer  or  more 
favourable  season  for  growth,  the  yield  of  grain 
will  be  much  more  considerable,  and  the  pro- 
portion of  starch  it  contains  much  greater. 
Wheat  exhibits  an  extraordinary  variation  in 
its  percentage  of  nitrogenous  substance.  Shri- 
velled grains  are  more  nitrogenous  than  plump 
ones  from  the  same  crop.  Spring-sown  wheat, 
having  a  shorter  pieriod  of  growth,  is  generally 
more  nitrogenous  tlian  autumn  sown  wheat. 
The  largest  proportion  of  nitrogen  is  reached 
when  the  soil  is  rich,  and  the  climate  liot  and 
dry,  bringing  about  a  premature  ripening  ;  the 
crop  is  then  small,  but  the  grain  highly  nitro- 
genous. Such  is  the  case  in  South  Kussia,  and 
i  i  parts  of  India.  Laskowsky  (A.  13.5,  340) 
f  lund  in  South  Russian  wlieat  21-5G  p.c.  of 
nitrogenous  substance,  as  a  mean  of  21  analyses : 


the  maximum  was  24'16  p.c.  Millon,  Peligot,  v. 
Bibra,  and  Eitthausen  have  also  found  abnormally 
high  percentages  of  nitrogen  in  this  wheat.  The 
barley  of  South  Russia  is  also  remai'kable  for  its 
high  nitrogen.  Wheat  grain  is  distinguished  as 
hard  or  soft,  according  to  its  clear  and  horny  or 
opaque  and  mealy  character.  In  grains  from 
the  same  source  the  clear  will  always  be  found 
more  nitrogenous  than  the  mealy  (Church). 
Hard  wheat  is  generally  more  nitrogenous  than 
soft  wheat,  but  soft  wheat  is  not  necessarily 
poor  in  nitrogen.  Illustrations,  from  the  experi- 
ments of  Lawes  and  Gilbert,  of  the  variation  in 
the  nitrogen  of  wheat  grain  and  straw  grown  in 
different  seasons  and  by  different  manures,  will 
be  found  in  the  tables  on  page  498. 

While  wheat  furnishes  the  best  example  of 
the  conditions  which  produce  a  nitrogenous 
grain,  the  cultivation  of  fine  malting  barley 
excellently  illustrates  the  conditions  necessary 
for  the  production  of  a  grain  rich  in  starch.  Fine 
malting  barley  should  contain  but  8-9  p.c.  of 
nitrogenous  substance;  such  grain  can  only  be 
produced  in  temperate  climates,  and  on  soil 
supplying  only  a  moderate  amount  of  nitro- 
genous food.  The  barley  of  highly  manured 
soil,  or  of  climates  too  hot  or  too  cold,  will  fail 
to  contain  the  large  proportion  of  starch  de- 
sired. 

I       The  amount  of  nitrogenous  substance  in  the 
cereal  grains  given  in  the  table  is  obtained  by 
multiplying  the  nitrogen  by  G'25  ;  in  the  analyses 
given  by  Church,  the  multiplier  is  6'3.  The 
'  nitrogen  is  thus  reckoned  as  present  in  the 
'  form  of  albuminoids.     A  small  part  of  the 
'  nitrogen  is,  however,  not  albuminoid,  but  exists 
probably  as  amides.    But  few  determinations 
have  yet  been  made  on  the  proportion  of  true 
albuminoids  in  cereal  grains,  and  the  analyses 
have  been  made  with  difl'erent,  and  in  some 
cases  imperfect  methods.    Tlie  mean  proj^ortion 
of  albuminoid  nitrogen  found  for  100  of  total 
nitrogen  has  been  as  follows : 

Wheat  ((3  analyses)      .       ,    90'1  p.c. 
Rye  (1  analysis)    ,       ,       .    77'1  ,, 
Oats  (28  analyses)       ,       .    94-3  ,, 
Barley  (7  analyses)      .       .    94-3  „ 
Maize  (4  analyses)       .       .    87  3  ,, 
Rice  (1  analysis)  .       .       .    91-7  „ 
Millet,  P.  italicmn  (1  an.)    .    90-0  „ 
„    P.  miliaccnm  (1  an.)    .    96'7  „ 
,,    S.  saccharatum  (1  an.)    8S-0  ,, 
,,    S.  tartaricum  (1  an.)  .    90-7  ,, 
Rye,  maize,  wheat,  and  some  of  the  millets, 
thus  appear  to  stand  below  oats  and  barley  as 
j  to  the  proportion  of  nitrogen  existing  as  albu- 
^  minoids.    In  the  case  of  rye  and  wheat  this  is 
doubtless  due  to  the  low  proportion  of  albu- 
minoids existing  in  the  bran  of  those  grains. 
Grain  which  has  been  damaged  by  damp,  and 
i  partially  germinated,  contains  a  smaller  pro- 
[  portion  of  albuminoid,  and  a  larger  proportion 
of  amide  nitrogen  than  sound  grain.    Thus  malt, 
mean  of  six  analyses,  contains  only  79'2  p.c.  of 
its  total  nitrogen  as  albuminoids. 

The  flour  of  wheat  and  spelt  yields  the  well 
known  gluten  when  kneaded  in  a  stream  of 
water.  According  to  Eenard  and  Girardin 
(J.  Ph.  [5]  4,  127),  the  paste  should  not  be  washed 
for  at  least  three  hours,  as  the  quantity  of  gluten 
increases  on  standing.   Frear  (Am.  0,  402)  found 
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a  great  increase  during  the  first  30  minutes,  but 
a  tendency  to  decrease  after  45  minutes  or  one 
liour.  According  to  Sidney  Martin  no  gluten 
is  obtained  if  the  flour  is  kneaded  with  water  at 
the  temperature  of  2° ;  the  most  favourable 
temperature  is  about  30'.  The  flour  also  yields 
little  gluten  if  treated  at  lirst  with  a  large  quan- 
tity of  water.  If  the  albuminoids  of  the  Hour 
liave  been  coagulated  by  long  heating  at  00^, 
no  gluten  is  obtainable.  The  (juantity  of  gluten 
generally  rises  and  fulls  with  the  total  nitrogen 
in  the  Hour,  but  without  much  regularity.  Ititt- 
luiuscn  obtained  from  33  Hours,  having  a  wide 
range  of  composition,  from  7-03-18-54  p.c.  of 
])ure  gluten.  He  found  that  an  average  of  78-3 
p.c.  (extremes  88-07  p.c.)  of  the  nitrogen  of  the 
Hour  was  found  in  the  gluten.  The  gluten  of 
soft  wheats  is  friable  and  not  fitted  to  produce 
an  elastic  dough  ;  the  gluten  of  hard  wheat  is 
far  more  tenacious. 

The  nature  of  the  albuminoids  in  cereal 
grains  has  been  carefully  studied  by  Kitthausen 
and  Kreusler  (Die  Eiweisskoiijcr  der  Getroide- 
artcn,  Hiilsenfriichte,  und  Oelsamen,  1872). 
The  method  was  to  extract  the  meal  with  water, 
vith  spirit,  and  finally  with  a  highly  dilute 
solution  of  potassium  hydrate.  From  wheat 
gluten,  spirit  extracted  albummoids  which  Kitt- 
hausen named  gluten-fibrin,  gliadin  (Glutin, 
rilanzenlcim),  and  muccclin.  The  portion  in- 
soluble in  spirit  yielded  to  potash  water  glutcn- 
cascin  (PHanzenlibrin,  Zymon).  To  gliadin  the 
elastic  character  of  gluten  is  attributed ;  it 
was  found  most  abundantly  in  hard  whopJi.  Eye 
yielded  mucedin  and  gluten-casein.  Oats  yielded 
principally  oat-legumin  (PHan/.en-Casein,  Aveu- 
ine),  and  a  small  quantity  of  oat-gliadin.  Barley, 
gluten-casein,  gluten-fibrin,  and  mucedin.  Maize, 
maizcfibrin  (Zein),  and  a  body  similar  to  con- 
glutin.  Albumin  was  more  or  less  certainly 
indicated  in  most  of  the  cereals. 

The  investigation  of  the  albuminoids  has 
been  conducted  by  methods  differing  from  those 
emjjloyed  by  Ititthauscn,  and  with  entirely 
different  results,  by  Denis,  Weyl,  Vines,  Martin, 
and  others.  That  the  gluten  of  wheat  does 
not  consist  of  a  substance  originally  present  in 
the  Hour,  but  has  been  formed  from  the  albu- 
minoids of  the  grain  by  the  action  of  water,  is 
certainly  indicated  by  the  facts  relating  to  the 
])roduction  of  gluten  already  stated ;  it  is 
further  confirmed  by  the  action  of  a  10-15  p.c. 
solution  of  sodium  chloride,  which  extracts 
freely  tlie  albuminoids  of  the  Hour,  but  is  without 
effect  on  gluten.  Alcohol  of  80  p.c,  again,  ex- 
tracts no  albuminoids  from  wheat  Hour,  unless  it 
has  previously  been  treated  with  water  (Martin), 
hut  dissolves  a  considerable  amount  from  gluten. 
Weyl  concludes  that  gluten  is  formed  by  a 
ferment,  the  action  being  started  by  the  presence 
of  water. 

The  investigators  just  named  all  conclude 
that  globulin  is  a  chief  constituent  of  the  albu- 
minoids of  seeds ;  the  caseins  obtained  by  Ititt- 
liauscn  are  regarded  as  globulin  changed  into 
albuminate  by  the  action  of  dilute  all<alis  or 
acids.  According  to  Martin,  wheat,  rye,  and 
barley  all  contain  a  globulin  of  the  myosin  type, 
)nsolul)li'  in  water,  but  soluble  in  a"  10-15  p.c. 
sodium  chloride  solution,  from  which  it  is  pre- 
cipitated by  heat  (even  at  35^-40''  if  long  con- 


tinued), or  by  saturation  with  sodium  chloride. 
These  cereals  also  contain  an  albitiiiose,  soluble  in 
water,  and  not  precipitated  on  boiling.  For  the 
full  reaction  of  these  bodies  we  must  refer  to 
Martin's  original  papers.  The  gluten  produced 
by  the  action  of  water  on  wheat  Hour  consists  of 
insoluble  albumose  and  gluten-fibrin  ;  the  former 
is  soluble  in  80  p.c.  alcohol,  and  comprises  the 
gliadin,  mucedin,  and  gluten-fibrin  of  Kitthausen. 
The  insoluble  albumose  has  apparently  been 
derived  from  the  soluble  albumose  of  the  flour, 
and  the  gluten  fibrin  from  the  globulin.  The 
principal  papers  on  the  subject  are  bv  Wevl 
(H.  1,  72  ;  13.  13,  3(57),  Vines  (Ph.  3,  'IS),' Martin 
(P.  Ph.  S.  Feb.  2,  1887  ;  B.  M.  J.  2, 1880,  104). 

The  conclusions  thus  arrived  at  respecting 
the  formation  of  gluten  have  recently  been 
traversed  by  Johannsen  (Compt.  rend.  Labora- 
toire  de  Carlsberg,  1888,  19'J).  He  prepared  an 
artificial  Hour  from  gluten  and  starch,  and  found 
that  it  behaved  as  regards  temperature,  and  the 
action  of  salt  and  metallic  solutions,  precisely 
as  a  natural  flour.  He  concludes  therefore  that 
the  ferment  theory  of  the  formation  of  gluten 

i  is  superHuous. 

Niiclcin  must  probably  be  included  among 
the  nitrogenous  bodies  present  in  cereal  grains ; 

j  no  determinations  of  its  quantity  have  apparently 
been  made. 

j  The  fats  contained  in  the  cereal  grains  are  as 
yet  but  imperfectly  investigated.  According  to 
J.  Kihiig  (Xahrungsmittel,  325),  their  elementary 
composition  is  as  follows: — 


C 

H 

Wheat  (fluid)  . 

77-19 

11-97 

10-84 

Eye 

7671 

11-79 

11-50 

Barley  (solid) 

70-20 

11-76 

11-95 

Oats  (fluid) 

75-71 

11-68 

12-61 

Maize      ,,  . 

75-70 

11-35 

12-95 

The  fat  of  rye  contains,  according  to  Konig, 
oleic,  2'almiiic,  and  stearic  acids,  a  part  of  which 
is  apparently  in  the  free  state.  Kitthausen  did 
not  find  stearic  acid.  He  found  a  little  choles- 
tcrin  both  in  rye  and  wheat.  In  maize  oil, 
AUemaini  found  the  three  acids  already  named. 

The  innuature  grains  of  wheat,  rye,  oats, 
and  barley  contain,  according  to  Jliintz  (Annalcs 
de  la  Science  Agronomi<iue,  1884,  8),  a  large 
amount  of  synanthrosc,  which  as  ripening  pro- 
gresses is  replaced  by  starch.  Thus  100  imrts  of 
dry  rye  grain  contained  : 


SynautliroM 

St,ircli 

10  days  after  blooming 

45-0 

24-6 

19 

n 

30-5 

37-7 

29 

»» 

191 

47-4 

il 

If 

15-3 

56-8 

53  „ 

11 

13-1 

640 

59 

11 

G-9 

08-8 

The  last  date  was  the  time  of  harvest.  The 
synanthrosc  apparently  continues  to  decrease 
after  the  grain  is  harvested.  Tiic  proportion  in 
rye  bran  (4-2  p.c.)  is  greater  than  in  the  white 
liour  (2-3  p.c).  In  wheat,  oats,  and  barley 
synanthrosc  was  found  in  large  quantity  in  the 


CEREALS. 


493 


unripe  grain,  but  none  in  that  fully  matured. 
In  unrijje  maize,  fruit-sugar  (equal  pans  dex- 
trose and  lajvulose)  was  found  in  place  of  synan- 
throse.  Unripe  wheat  and  barley  contains,  ac- 
cording to  Miintz,  a  ferment,  which,  when  the 
grain  is  bruised,  slowly  converts  synanthrose 
(and  sucrose)  into  dextrose  and  Lnvulose. 

The  carbohydrates  of  the  cereal  grains  have 
been  the  subject  of  numerous  investigations ; 
the  conclusions  arrived  at  have  not  unfrequently 
been  inaccurate,  the  investigator  too  often  rely- 
ing on  qualitative  reactions  for  the  purpose  of 
identification.  Certainty  in  this  dii'ficult  branch 
of  investigation  can  only  be  attained  when 
the  carbohydrate  has  been  separated  in  a 
p  n-e  state,  and  its  optical  properties,  and  the 
products  of  its  hydrolysis,  have  been  deter- 
mined. 

In  the  ripe  grain  of  cereals  starch  forms  by 
far  the  largest  constituent.  In  most  published 
analyses  its  proportion  is  overstated,  being  cal- 
culated from  the  glucose  obtained  on  boiling 
with  acid.  The  only  accurate  method  for  deter- 
mining starch  is  by  treatment  with  pure  diastase, 
and  estimation  of  the  maltose  and  dextrin  pro- 
duced (C.  J.  45,  1).  O'Sullivan  found  by  this 
method  65'I:  p.c.  starch  in  white  wheat ;  44-46 
p.c.  in  rye  ;  35-38  p.c.  in  white  oats ;  39-57  p.c. 
in  barley ;  54-58  p.c.  in  yellow  maize ;  75-77 
p.c.  in  rice. 

The  starch  contained  in  the  glutinous  rice  of 
Siam  is,  according  to  Kreusler  und  Dafert  (A.  a. 
11,  478),  coloured  red-brown  by  iodine.  This  rice 
contains  a  considerable  amount  of  sugar,  8'05 
p.c.  of  the  dry  substance. 

Dextrin  appears  in  many  analyses  among  the 
minor  constituents  of  cereal  grains.  It  has  been 
usual  to  designate  thus  any  carbohydrate  soluble 
in  water,  insoluble  in  alcohol,  and  reducing 
copper  only  after  boiling  with  acids.  The 
presence  of  dextrin  in  ungerminated  grain  can- 
not yet  be  considered  as  established. 

Amylan  is  the  name  given  by  O'Sullivan  to 
two  gummy  bodies  of  little  solubility,  having  the 
percentage  and  composition  of  starch.  Barley 
contains  2-4  p.c,  chietly  of  the  less  soluble 
a-amylan  ;  wheat  and  rye  2-2'5  p.c.  of  /3-amylan 
and  0-5--10  p.c.  of  a-amylan  (C.  J.  41,  24).  The 
sinistrin  found  by  Kuhnomann  in  barley  (B.  8, 
389)  is  possibly  identical  with  amylan. 

Gum  is  mentioned  in  many  analyses  of 
cereals.  IMiintz,  for  instance,  in  the  paper  re- 
ferred to  above,  and  again  in  C.  K.  102, 081,  speaks 
of  gum  as  occurring  in  wheat,  rye,  and  barley, 
especially  in  the  last  two,  in  which  the  amount 
is  given  as  2'3  and  2-8  p.c.  Until,  liowever,  the 
substance  in  question  is  isolated  and  fully  ex- 
amined, the  actual  existence  of  arable  acid  can 
hardly  be  considered  as  proved. 

The  presence  of  sucrose  in  cereal  grains  may 
be  taken  as  fully  established.  O'Sullivan  found 
0-8  1-6  p.c.  in  barley,  and  in  wheat  0"5  p.c. 
(C.  J.  49,  64) ;  other  chemists  have  recognised 
the  same  sugar  in  oats  and  maize.  During  ger- 
mination the  proportion  of  sucrose  in  barley  is 
considerably  increased.  Besides  sucrose,  other 
sugars,  both  dextrorotatory  and  lievorotatory,  are 
apparently  present  in  ripe  grain,  but  have  not 
yet  been  accurately  discriminated. 

Raffinoso  has  been  found  by  O'Sullivan  in 
barley' (C.  J.  49,  70). 


There  is  apparently  a  considerable  amount 
of  unidentified  carbohydrates  in  cereal  grains. 
Eichardson  found  the  total  quantities  of  carbo- 
hydrates soluble  in  cold  water  in  the  various 
cereals  to  be  on  an  average — for  rye  12-3  p.c, 
barley  IQ-G  p.c,  oats  9-5  p.c,  wheat  5'8  p.c,  and 
maize  4-4  p.c.  Eye  thus  ajJioears  especially  rich 
in  soluble  carbohydrates ;  according  to  Eitt- 
hausen  it  contains  mucilage. 

The  total  pcctic  bodies  (pectose,  pectine,  and 
pectates)  occurring  in  cereal  grains  have  been 
determined  by  Schloesiug's  method  by  several 
French  chemists.  Miintz  (C.  E.  102,  624,  681  ; 
Ann.  de  I'lnstitut  nat.  agron.  2,  88)  found  in 
barley  0-9  p.c,  in  rye  0-7  p.c,  in  wheat  0-5  p.c, 
in  oats  0-4  p.c,  in  maize  0'2  p.c.  IMiintz  re- 
gards the  presence  of  pectic  bodies  and  of  gum 
in  feeding  stuffs  as  of  considerable  physiological 
interest,  as  these  bodies  yield  galactose  among 
the  products  of  their  hydrolysis,  and  he  supposes 
that  sugar  of  milk  is  formed  in  the  animal  by  the 
union  of  glucose  and  galactose,  which  are  the  pro- 
ducts which  sugar  of  milk  yields  on  hydrolysis. 

The  amount  of  cellulose  present  in  cereal 
grains  is  greatly  underrated  in  or<linary  analyses. 
The  '  fibre  '  mentioned  in  the  table  on  p.  490  is 
merely  the  residue  left  after  boiling  with  dilute 
acid  and  alkali,  a  treatment  which  converts 
a  considerable  portion  of  the  cellulose  into 
glucose.  Miintz,  by  dissolving  out  the  cellulose 
with  Schweitzer's  copper  reagent,  reprecipitating 
with  acid,  and  weighing,  obtained  from  oats 
15-5  p.c.  of  cellulose,  and  from  maize  2-7  p.c, 
while  the  ordinary  determinations  of  fibre  gave 
respectively  9-80  and  1-94  p.c  The  fibre  con- 
tained a  higher  percentage  of  carbon  than  is 
proper  to  cellulose,  thus  indicating  the  presence 
of  lignosc. 

The  composition  of  wheat  grain  in  different 
stages  of  growth  has  been  ascertained  by 
Heinrich  (Wolff's  Aschen  Analysen,  1880,  1). 

2.  The  ixirts  and  products  of  cereal  grains. 
The  I'elative  composition  of  the  parts  of  cereal 
grains  is  readily  understood  if  we  bear  in  mind 
a  few  facts  relating  to  their  structure.  The 
chaff  surrounding  the  seed  in  all  cases  consists 
very  largely  of  woody  fibre,  it  yields  a  con- 
siderable amount  of  silicious  ash,  and  contains 
a  very  small  proportion  of  nitrogen  ;  it  is,  in 
fact,  similar  to  straw  in  its  composition.  With 
some  seeds,  as  oats  and  barley,  the  chaff  is  ad- 
herent to  the  grain,  and  consequently  forms  part 
of  the  milling  products  ;  in  other  seeds,  as  whe;tt 
and  rye,  the  chaff  is  not  adherent,  and  is  absent 
from  the  milling  products.  The  seed,  free  from 
chaff,  may  be  divided  according  to  chemical 
composition  into  four  main  portions. 

(1)  External  fibrous  layers,  characterised  by 
a  considerable  proportion  of  woody  fibre  and  asli, 
and  more  or  less  rich  in  fatty  matters  and 
nitrogen. 

(2)  A  layer  beneath  these,  especially  rich  in 
albuminoid  substances. 

(3)  The  endospernr,  forming  the  bulk  of  the 
grain  ;  this  in  cereals  is  extremely  rich  in  starch, 
contains  a  very  small  proportion  botli  of  ash 
constituents  and  fat,  and  is  generally  poor  in 
nitrogen. 

(4)  The  embryo  ;  this  far  exceeds  all  the  other 
parts  of  the  grain  in  its  contents  of  nitrogenous 
matter  and  fat. 

/ 
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In  the  table  bolow  the  average  composition 
is  given  of  some  of  the  principal  parts  and  pro- 
ducts obtained  from  cereal  grains.  The  analyses 
marked  '  Wolff  '  are  from  Mentiiel  u.  Lengerke's 


Kalendcr,  ISSi^.  Those  marked  'Johnson'  are 
from  the  Report  of  the  Connecticut  Agricultural 
Station  for  1888.  References  to  the  other 
authorities  have  been  already  given. 


Parts  and  Products  of  Cereal  Grai7is, 




Number 
of 

analyses 

Water 



Xitro- 

geiious 

stuucc 

Fat 

Ciirbo- 
Iiyd  rates 

Fibre 

Ash 

Authoritios 

Wheat  flour,  finest 

10 

13-3 

10-2 

0-9 

74-8 

0-3 

0-5 

Kunig 

,,      ,,      coarsest  . 

27 

12-7 

11-8 

1-4 

72- 1 

10 

10 

„      „  (American),  mean 

25 

12-5 

11-3 

1-2 

74- 1 

0-3 

OG 

Johnson 

,,      „        ,,  highest  p.c. 

13-G 

141 

20 

78-1 

1-2 

,,      ,,        „  lowest  p.c. 



10-3 

8-G 

0-G 

68-3 

00 



„  germ 

4 

8-5 

27-6 

11-5 

45-6 

20 

4-8 

Richardson 

„     bran  (European) 



13-0 

14-0 

4-3 

52-7 

10-0 

60 

Various 

,,       ,,  (American) 

08 

12-4 

15-4 

3-8 

53-5 

9-3 

6-6 

Johnson 

„  chaff 

14-3 

4-5 

1-4 

34-6 

300 

9-2 

Wolff 

Uinkel  bran 

. 

13-0 

14-0 

4-3 

54-9 

8-2 

5-6 

chaff 



14-3 

3-5 

1-3 

32-G 

40-0 

8-3 

Eye  flour,  line     .  . 



140 

10-2 

1-C 

72-G 

0-6 

1-0 

Konig 

,,     ,,  coarse. 



14-8 

11-1 

21 

G7-7 

2G 

1-7 

,,   bran     .       .       ,  . 



12-4 

14-7 

3-2 

68-7 

C-2 

4-8 

Wolff 

„  chaff    .       .       .  . 

14-3 

3-6 

1-2 

29-9 

43-5 

7-5 

Oatmeal  .... 

0 

9-4 

15-0 

6-6 

63-8 

30 

2-2 

Konig  (chiefly) 

„  (American) 

G 

7-8 

14-7 

7-1 

67-5 

0-9 

20 

Johnson 

,,  husk 

9-4 

2-7 

1-3 

52-2 

27-9 

6-5 

Wolff 

„        ,,    (.Vmerican)  . 

100 

5-2 

2-5 

68-8 

17-9 

5-6 

Richardson 

I5arl(?v  pearl       .       .  . 

4 

14-9 

7'G 

10 

751 

0-6 

0-8 

ririTiQ 
»  111  1 V iio 

,,  husk 

14-3 

30 

1-5 

38-2 

30-0 

130 

Wolff 

,,  malt 

7-5 

9-4 

2-3 

G9-8 

8-7 

2-3 

„     malt  germs  (combs) . 

11-8 

23-3 

21 

42-8 

12-4 

7-G 

ii 

„     brewer's  grains 

7G-1 

4-9 

1-5 

12-9 

3-5 

1-1 

Maize  meal  (American) 

GO 

15G 

9-2 

3-8 

GS-0 

2-0 

1-5 

Johnson 

Eicc  feeding  meal 

10-0 

11-9 

121 

47-0 

90 

100 

Various 

„    husk  .... 

9-7 

3-4 

1-4 

270 

42-8 

15-7 

Wolff 

Millet,  P.  miliaccum,  husk  . 

11-2 

4-8 

2-3 

29  0 

40-8 

11-2 

„     S.  tartaricum,  husk  . 

5-7 

3-9 

0-9 

55-7 

25-8 

8-0 

Products  of  Grinding  Barley. 


Water 

Nitrogeuous 
subsUiuce 

Fat 

Carbo- 
hydrates 

Fibre 

Ash 

Coarse  dust  

Fine 

Pearl  ,  

„      barley  .... 

14-2 
131 

13-  3 

14-  7 

7-0 
17-G 
12-1 

7-3 

1-7 
GO 
3-4 
1-2 

4G-8 
50-5 
G7-2 
75-1 

24-G 
8-5 
1-8 
OG 

5-7 
4-3 
2  2 
11 

Some  Products  of  Rolling  Wheat. 

Water 

Nitroacnoiis 
substance 

Fat 

Carbo- 
hydrates 

Fibre 

Ash 

Whole  wheat  .... 

9-G 

12-8 

2-3 

71-8 

1-G 

1-9 

Bran  middlings  .... 
J'cfd       „  .... 
Flour,  low  gi-ade  .... 

„     baker's  .... 

1,     patent  .... 

8-2 
8-5 
12G 
13-3 
130 

lG-5 
lG-5 
14-2 
110 
100 

5-5 
50 
2-3 
1-3 
0-9 

5G-8 
G2-1 
GO-O 
72-4 
75-6 

6-1 
41 

0-  8 

1-  5 
0-2 

6-9 

3-8 
11 
0-5 
0-3 

The  relative  composition  of  the  different 
parts  of  any  grain  can  only  be  shown  by  a  series 
of  analyses  made  on  the  products  from. the  same 
eainple.  Detailed  analyses  of  the  products  ob- 
tained in  grinding  wheat  between  mill-stones 
liavG  been  made  by  Lawes  and  Gilbert  (C.  J.  10, 


31),  and  by  Dempwolf  (A.  140,  343).  The  nu- 
merous products  obtained  in  America  by  crushing 
between  rollers  have  been  analysed  by  Richardson 
(Am.  G,  388,  and  Bulletin,  9,"  78).  As  illustra- 
tions of  the  relative  composition  of  successive 
layers  of  grain,'  both  with  and  without  adherent 
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cliaff,  we  have  given  the  analyses  by  Church  of 
tlie  products  obtained  in  the  preparation  of  pearl 
barley;  and  also  a  selection  of  the  analyses 
made  by  Richardson  of  the  numerous  products 
obtained  by  crushing  wheat. 

The  '  coarse  barley  dust '  represents  the  ex- 
ternal layers  of  the  grain,  including  chaif ;  the 
'  pearl  barley  '  consists  wholly  of  endosperm. 
The  external  layer  is  seen  to  be  richest  in  fibre 
and  in  ash  ;  the  second  layer  richest  in  nitro- 
genous matter  and  in  fat ;  whilst  the  endosperm 
is  richest  in  carbohydrates,  and  poorest  in  all 
other  constituents.  The  wheat  products  exhibit 
the  same  general  order  of  composition,  from  the 
external  bran  to  the  finest  flour,  with  the  differ- 
ence that  there  is  in  this  case  no  fibrous  chaff 
poor  in  nitrogen  to  form  the  chief  constituent 
of  the  outermost  layer.  The  rice  meal  men- 
tioned among  the  products  of  cereal  grains  con- 
sists of  the  outer  layer  of  the  grain,  with  some 
husk  separated  during  cleaning  ;  it  is  seen  to 
be  rich  in  fat,  and  far  more  nitrogenous  than  the 
cleaned  rice. 

The  general  composition  of  the  embryo  of 
wheat,  as  separated  by  the  roller  system,  has 
been  given  in  the  table  on  p.  491.  Individual 
analyses  showed  as  much  as  33-25  p.c.  of  nitro- 
genous substance,  and  15-Gl  p.c.  of  fat.  A 
detailed  examination  of  the  embryo  has  been 
made  by  Richardson  and  Crampton  (B.  1880, 
1180).  It  contains  15-18  p.c.  of  sugar,  of  which 
80-!t0  p.c.  is  cane  sugar.  There  is  besides  a 
highly  dextrorotatory  amorphous  sugar,  not  re- 
ducing copper,  but  changed  by  yeast  into  a  re- 
ducing sugar.  The  wheat  embryo  also  contains 
aUantoin  (less  than  i  p.c.) ;  a  drying  oil ;  and  a 
waxy,  non-saponifying  fat.  Lenz  (.J.  A.  1870-2, 
2,  4)  found  in  the  embryo  of  wheat  28-4,  in  that 
of  rye  20-7,  in  oats  20-5,  in  barley  28-4,  and  in 
maize  17-6  p.c.  of  nitrogenous  substance.  In  the 
drv  embryo  of  barley,  Haberlaudt  found  22-42  p.c. 
of'fat.  Haberlandt  (J.  A.  1800,  107)  separated 
the  embryo  and  endosperm  of  maize,  and  found 
them  to  contain  when  dried  at  00" : 


substance 

Fat 

Embryo  .... 

Endosperm  . 

22-77 
13-34 

30-00 
1-32 

The  greater  part  of  the  fat  of  the  seed  was 
thus  contained  in  the  embryo.  Wagner  and 
Meyer  (J.  A.  1883,  374)  found" in  the  embryo  of 
rice  15-07  p.c.  of  nitrogenous  substance,  and 
24-42  p.c.  of  fat. 

Wo  have  just  seen  that  some  of  the  outer 

Average  Comjposition  of  Cereal  Straws 


layers  of  cereal  grains  are  especially  rich  in  ni- 
trogenous matter  ;  a  larger  proportion  of  this  is, 
however,  non-albuminoid,  than  is  the  case  with 
the  nitrogenous  matter  of  the  endosperm.  Thus 
Church  found  that  in  pearl  barley  92-4  p.c.  of  the 
nitrogen  was  albuminoid,  while  in  '  fine  dust  ' 
only  65-3  p.c.  was  in  that  condition. 

Wigner  (Analyst,  1878,  289,  303,  358)  found 
the  albuminoid  nitrogen  of  wheat  flour,  mean  of 
fifteen  analyses,  to  be  90-2  p.c.  of  the  total ;  while 
in  the  bran  from  the  same  grain  the  proportion 
was  08-1  p.c.  Other  chemists  have  found  a  larger 
proportion  of  albuminoid  nitrogen  in  wheat  bran, 
five  analyses  giving  a  mean  of  82  5  p.c.  of  the 
total  nitrogen.  In  rye  bran  one  analysis  showed 
07-5  p.c.  In  rice  meal  two  analyses  gave  93-0  p.c. 
The  smaller  proportion  of  the  nitrogen  existing 
as  albuminoids  must,  of  course,  be  taken  into 
account  in  estimating  the  nourishing  value  of 
the  coarser  meals  and  flours. 

In  malt  six  analyses  show  a  mean  of  79"2  p.c. 
of  total  nitrogen  as  albuminoids.  In  malt 
sprouts  (malt  dust  or  combs)  eight  analyses  give 
a  mean  of  72-7  p.c.  In  brewers'  grains  two  ana- 
lyses show  97-0  p.c,  the  amide  bodies  having 
been  dissolved  out  during  mashing. 

Wheat  bran,  according  to  M^'ge-Mouries  (C. 
R.  37,  351  ;  38,  505  ;  42,  1122  ;  48,  431  ;  50, 
407),  contains  a  nitrogenous  ferment  capable  of 
converting  starch  paste  into  dextrin,  sugar,  and 
lactic  acid.    This  ferment  he  names  ccrcalin. 

The  carbohydrates  of  the  various  parts  of 
cereal  grains  are,  of  course,  identical  with  those 
in  tlie  whole  grain.  Miintz  found  wheat  bran 
especially  rich  in  pectic  bodies,  the  amount 
reaching  2  p.c.  The  proportion  of  true  cellulose 
he  found  to  be  20-5  p.c.  The  '  fibre  '  in  the  same 
sample  was  by  the  usual  mode  of  estimation  only 
5-10  p.c. 

3.  Straw.  The  proximate  composition  of 
cereal  straw  given  below  is  taken  from  Wolff's 
table  of  average  compositions  ;  that  of  maize  cob 
is  the  average  of  seventeen  American  analyses. 

The  composition  of  straw  is  considerably 
affected  by  the  character  of  the  season,  and  to  a 
smaller  extent  by  that  of  the  soil  and  manure. 
Illustrations  of  the  influence  of  season  and 
manui'ing  upon  the  proportion  of  nitrogen  and 
ash  constituents  in  wheat  straw  will  be  found  on 
p.  498.  When  the  grain  is  prematurely  or  im- 
perfectly ripened,  the  straw  is  much  richer  in 
nitrogen  than  when  the  development  of  the  seed 
has  been  complete  ;  in  the  latter  case,  a  large 
part  of  the  nitrogen  and  important  ash  consti- 
tuent of  the  stem  and  leaf  will  have  passed  into 
the  seed,  in  the  former  case  they  remain  in  the 
straw.    For  the  same  reason  straw  cut  while  yet 


■Water 

Nitrnjjonoiu 
subatauce 

Fat 

C.ai'bo- 
hydrates 

Fibre 

Ash 

Wheat  straw 

14-3 

3-0 

1-2 

309 

40-0 

4-0 

Spelt  straw  . 

14-3 

2-5 

1-4 

31-8 

45-0 

5-0 

Rye  straw  . 

14-3 

3-0 

1-3 

33-3 

44-0 

4-1 

Oat  straw 

14-3 

4-0 

2-0 

30-2 

39-5 

4-0 

Barley  straw 

(winter)  . 

14-3 

3-3 

1-4 

32-5 

43-0 

5-5 

(summer) 

14-3 

3-5 

1-4 

30-7 

40-0 

4-1 

Maize  straw. 

15-0 

3-0 

1-0 

30-7 

40-0 

4-2 

,,  cob 

10-8 

2-4 

0-5 

54-7 

30-4 

1-3 

400 
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greon  is  more  nutritious  than  straw  fully 
ripened.  The  part  of  the  straw  poorest  in  nitro- 
gen is  the  stem  ;  the  leaf  and  empty  ear  are 
richer. 

Few  determinations  of  albuminoids  have  been 
made  in  straw;  the  variations  are  considerable. 
One  analysis  of  rye  straw  showed  no  non-albu- 
niinoid  nitrogen.  Three  analyses  of  oat  straw 
sliowed  66-1, 78'2  and  94-4  of  albuminoid  nitrogen 
per  100  of  total.  Two  analyses  of  barley  straw 
showed  90'3  and  02'0  p.c.  Two  analyses  of  rice 
straw  87-0  and  88-5  p.c.  Two  analyses  of  millet 
straw  70-9  and  93-5  p.c.  of  the  total  nitrogen. 

The  fat  of  oat  and  rice  straw  has  been  ex- 
amined by  Konig  (L.  V.  13,  241).  The  saponifi- 
able  portion  of  the  fat  from  oat  straw  consisted 
oiccrolic. palmitic,  and  oleic  acids;  the  unsaponi- 
find  portion  contains  ceryl  and  other  alcohols, 
with  cholcstcrin. 

According  to  Miintz,  wheat  straw  contains  a 


little  ghicosi',  0-27  p.c.  in  one  instance;  1-2  p.c. 
of  jicclic  bodies  ;  and  O';")  p.c.  of  tjinn.  It  con- 
tains no  starch.  The  chief  constituent  is  cellu- 
lose, with  its  incrusting  liijtwsc.  The  amount  of 
total  fibre  in  straw  is  greatly  underrated  in 
ordinary  analyses ;  the  soluble  carbohydrates 
shown  by  analysis  consist,  in  fact,  in  greatest 
part  of  cellulose  which  has  been  converted  into 
sugar  during  boiling  with  acid.  Miiller  (Die 
Ptianzonfascr,  97j  found  49-17  and  49-22  p.c.  of 
true  cellulose  in  wheat  and  rye  straw.  Miintz 
found  49-44  p.c.  in  wheat  straw  by  dissolving  the 
cellulose  in  Schweitzer's  Huid  and  reprecipita- 
ting. 

II.  Composition  of  the  ash.  1.  Ash  of  trhole 
grain.  The  average  composition  of  the  ash  of 
cereal  grains  is  shown  in  the  following  table. 
The  figures  are  taken  from  Wolff's  Aschen- 
Analysen,  1880,  excepting  the  analyses  of  P. 
italicum  and  S.  saccliaralum  by  Kellner. 


Composition  of  the  Ash  of  Coreal  Grains. 


Pure  Asu 

100  ports  of  pnre  Oib  coiitiiiu 

of 

iu  dry 

Analyses 

Grain 

K,0 

Na^O 

CaO 

MgO 

Fe.O, 

P,0. 

so. 

SiO, 

c. 

Wheat  (winter) 

110 

1-96 

31-2 

21 

3-3 

12-1 

1-3 

47-2 

0-4 

2-0 

0-3 

Spelt,  with  chaff  . 

2 

4-29 

15-6 

10 

2-6 

6-5 

1-6 

20-7 

2-9 

40-7 

06 

,,    without  chaCf 

4 

1-G8 

30-1 

4-8 

4-3 

12-4 

1-5 

45-2 

1-0 

Rye  (winter)  . 

3G 

2  09 

32-1 

1-5 

2-9 

11-2 

1-2 

47-7 

1-3 

1-4 

0-5 

Oats,  with  husk  . 

57 

3-12 

17-9 

1-7 

3G 

7-1 

1-2 

25-6 

1-8 

39-2 

0-9 

„    naked  . 

4 

207 

28-0 

7-5 

101 

1-5 

47-7 

1-2 

0-3 

Barley,  with  husk  . 

57 

2-01 

20-9 

2-4 

2-G 

8-8 

1-2 

35-1 

1-8 

25-9 

10 

„  naked 
Maize  .... 

3 

213 

28-5 

1-8 

3-1 

1'20 

1-9 

471 

29 

3-6 

15 

1-45 

29-8 

11 

2-2 

15-5 

0-8 

45-G 

0-8 

2-1 

0-9 

Bice,  with  husk 

2 

8-21 

17-5 

5-5 

4-0 

10-8 

1-8 

40-G 

0-9 

18-3 

0-9 

,,    without  husk 

5 

0-39 

21-7 

5-5 

3-2 

11-2 

1-2 

53-7 

0-6 

2-7 

0-1 

Millet,    P.  miliaccuin, 
with  husk  . 

3 

3-43 

11-4 

1-3 

0-6 

9-6 

11 

21-9 

0-2 

530 

0-5 

Millet,    P.  miliaccum. 

without  husk 

1 

1-4G 

17-4 

5-3 

170 

1-5 

49-2 

1-3 

8-3 

Millet,  P.  italicum,  with- 

out husk  . 

1 

1-2G 

20-G 

3-3 

2-4 

11-1 

0-4 

39-6 

3-3 

no 

37 

Millet,  S.  saccharatuvi. 

with  husk  . 

1 

2-72 

14-9 

8-4 

0-7 

13-2 

0-4 

24-8 

0-8 

36-8 

0-1 

Millet,  S.  saccharatuin, 

without  husk 

1 

5-26? 

21-4 

4-9 

2-6 

14-5 

1-8 

49  7 

2-5 

0-2 

1-4 

Millet,   S.  tarlaricxun. 

with  husk  . 

1 

1-86 

20-3 

3-3 

1-3 

14-8 

1-9 

50-9 

7-5 

The  characteristics  of  the  grain  ash  are  a 
very  high  percentage  of  phosphoric  acid  and 
jwtash ;  vtogucsia  stands  next  iu  order  among 
the  constituents,  it  is  especially  abundant  in 
maize  andsonicot  the  millets.  Soda  appears  in 
very  small  quantity  in  good  analyses  made  on 
clean  seed;  the  sodium  sails  are  frequently  ex- 
ternal, and  may  be  removed  to  a  considerable 
extent  by  washing  the  grain.  Silica  is  present 
in  very  small  amount  when  the  grain  is  free  from 
Inisk,  as  in  wheat  or  rye,  while  grains  with  a 
husk  contain  a  large  quantity.  The  ash  of  oats 
nnd  barley  appears  of  very  different  composition 
from  that  of  wheat,  owing  to  the  large  proportion 
of  silica  present ;  when,  however,  these  grains 
are  deprived  of  husk,  their  ashes  become  quite 
similar  to  wheat  in  composition.  Chlorine  is 
absent  in  many  analyses  of  grain  ash.  and  the 
amount  is  always  very  small.  The  tjuantity  in 
the  ash  is  probably  somewhat  below  that  origi- 


nally present  in  the  grain.  The  sulphuric  acid 
in  the  ash  is  apparent  in  excess  of  the  sulphates 
originally  present  iu  the  grain.  Wolff  (Aschen- 
Analysen,  1871,  12,  22,  30)  found  no  ready 
formed  sulphates  in  wheat,  barley,  or  oat  plants. 
Scheven  found  a  small  quantity  of  ready-formed 
sulphates  in  barley  plants,  and  a  larger  quantity 
in  the  ash.  Arendt  found  sulphates  iu  the  leaves 
of  oat  plants.  The  total  quantity  of  sulphur  in 
cereal  grains  has  been  determined  by  several 
chemists.  The  results  obtained  by  Way  are  very 
high.  The  more  recent  determinations  of  Wolff 
(v.  supra)  show  the  following  amounts  of  sul- 
phur in  100  parts  of  dry  substance.  Wheat 
grain,  0-l.')7 ;  oat  grain,  0-155,  O  IGU;  barley 
grain,  0-l(i0-0-173.  Knopp  found  in  maize  grain, 
0-100  0-140.  Manganese  is  frequently  present 
in  small  quantity  in  the  ash  of  cereal  grains. 
In  the  ash  of  wlieat  grain  grown  at  Kothamsted 
the  average  amount  is  about  0-2G  p.c.  of  Mn^Oj. 
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2.  Ash  of  parts  and  products  of  cereal  grains. 
— The  following  ash  analyses  of  the  parts  and 
products  of  cereal  grains  illustrate  the  distri- 


bution of  the  ash  constituents  in  the  different 
parts  of  the  seed. 


Ash  Analijscs  of  Parts  and  Products  of  Cereal  Grains. 




Number 
of 

analyses 

Pure 
ash  in 
dry 

In  100  parts  of  pure  ash 

CaO 

MgO 

EO3 

SiO, 

CI 

Wheat  flour,  fine . 

9 

0-51 

34-4 

0-8 

6-9 

8-1 



0-5 

49-8 

,,        ,,    coarser  . 

7 

1-27 

30-8 

0-9 

5-1 

12-2 

0-8 

50-2 

0-3 

0-1 

„  bran 

4 

(rl6 

28-5 

0-7 

2-9 

lG-7 

0-G 

60-3 

0-1 

0-5 

,,  chaff 

1 

10-73 

91 

1-8 

1-9 

1-3 

0-4 

4-3 

81-2 

Spelt  chaff  . 

1 

'jr.O 

9-5 

0-3 

2-4 

2-5 

0-5 

7-3 

2-3 

74-2 

Rye  flour 

1 

11)7 

38-4 

1-8 

1-0 

8-0 

2-5 

48-3 

„   chaff  . 

1 

DCio 

6-3 

0-3 

4-2 

1-4 

0-2 

6-7 

0-2 

80-3 

0-5 

Oat  bran  . 

8 

4-04 

142 

0-8 

4-0 

3-0 

1-2 

0  0 

DO  J 

„  chaff 

(j 

8-31 

G-3 

4-1 

5-5 

2-1 

1-5 

1-9 

4-9 

70-7 

1-2 

Barley,  *  fine  dui  t '  * 

2 

2-43 

2G-0 

1-9 

2-7 

13-1 

2-2 

51-1 

1-5 

1-4 

,,     '  coarse  dust '  . 

1 

5-U3 

10-8 

1-4 

3-7 

G-3 

1-7 

18-5 

1-9 

48-7 

1-3 

,,  awn 

1 

13-95 

7-9 

1-0 

10-6 

1-3 

1-5 

2-0 

3-1 

72-2 

0-7 

,,     malt  combs 

3 

7-r!5 

30-81 

1-8 

2-9 

2-8 

1-G 

27-0 

4-0 

22- 1 

G-9 

,,      brewer's  grains 

2 

4-54 

3-27 

0-G 

14-0 

10-0 

1-1 

37-2 

33-2 

Maize  cob,  empty 

1 

0-52 

50-9 

1-3 

3-7 

4-4 

0-2 

4-7 

2-1 

28-4 

5-4 

nice  feeding  meal 

2 

(;08 

11-1 

2-1 

2-2 

17-4 

5-5 

431 

0-4 

18-9 

,,    husk  . 

1 

1710 

1-5 

0-3 

0-5 

01 

0-5 

2-7 

0-4 

93-2 

0-2 

In  fine  wheat  flour,  representing  the  interior 
and  more  starchy  portion  of  the  grain,  the  pro- 
portion of  ash  is  very  small,  and  this  ash  is 
richer  in  potash  and  lime,  and  poorer  in  magnesia, 
than  that  of  tlie  whole  grain.  In  wheat  bran 
tlie  proportion  of  ash  is  about  12  times  greater 
than  in  fine  Hour,  and  tlie  ash  is  poorer  in  potash 
and  lime  and  riclier  in  magnesia  than  that  of 
the  whole  grain.  The  percentage  of  phosphoric 
acid  in  the  ash  tends  to  increase  towards  the 
exterior  of  the  grain.  This  increase  is  rather 
considerable  in  the  analyses  of  wheat  products 
by  Lawes  and  Gilbert  (C.  J.  10,  31),  but  is  only 
slight  in  the  results  obtained  by  Dempwolf  (A. 


140,  343).  The  same  general  relation  between 
the  ash  of  the  interior  and  exterior  layers  of  the 
grain  is  indicated  in  the  ash  analyses  of  barley 
'  fine  dust,'  which  consists  cliiefiy  of  the  external 
layer  of  the  kernel,  and  in  the  analysis  of  rice 
'  feeding  meal,'  which  represents  the  skin  of  tlie 
rice  with  a  portion  of  the  husk.  The  ash  of  tlie 
chaff  and  husk  of  the  grain  is  entirely  distinct 
ill  composition  from  that  of  the  seed  itself;  it  is 
extremely  rich  in  silica,  containing  more  of  this 
constituent  than  the  straw  itself. 

3.  Asti  of  straw. — The  average  composition 
of  the  straw  ash  of  cereals  is  given  by  Wolff  as 
follows :  — 


Ash,  Aiuilijscs  of  Straio. 


Nuuiber 
analyses 

Pure 
ash  in 
dry 

100  parts  of  pure  ash  contain 

N^a^O 

CaO 

MgO 

Fe^Oj 

SO3 

SiO, 

CI 

Wheat  straw  (winter)  . 

18 

5-37 

13-7 

1-4 

5-8 

2-5 

0-6 

4-8 

2-5 

67-5 

1-7 

,,        ,,  (summei) 

7 

4-45 

28-9 

2-7 

G-9 

2-5 

0-7 

5-2 

3-1 

47-G 

2-2 

Spelt       ,,     (winter)  . 

2 

5-85 

10-4 

0-5 

5-7 

1-9 

0-8 

5-1 

2-3 

71-8 

1-1 

Bye 

25 

4-4G 

22-G 

1-7 

8-2 

3-1 

1-9 

6-5 

4-3 

49-3 

2-2 

Oat 

38 

7-17 

2G-4 

3-3 

7-0 

3-7 

1-2 

4-G 

3-2 

46-7 

4-4 

Barley     ,,  . 

30 

5  35 

23-3 

3-5 

7-2 

2-6 

1-1 

4-2 

3-9 

51-0 

3-2 

Maize     ,,  . 

1 

5-33 

3G-3 

1-2 

10-8 

5-7 

2-3 

8-3 

5-3 

28-8 

1-4 

S.  sacfliaratiim  straw 

1 

3-70 

15-3 

7-3 

17-1 

1-5 

1-5 

9-2 

3-9 

43-3 

0-9 

The  quantity  of  ash  credited  to  oat  strav/  is 
probably  excessive,  as  many  of  the  specimens 
had  grown  in  rich  soil.  Next  to  silica  the  chief 
ingredient  of  straw  ash  is  potash ;  the  amount  is 
very  variable.  In  straw  ash  the  lime  consider- 
ably exceeds  the  ma.ijiicsia ;  the  relation  ob- 
served in  the  grain  ash  is  thus  reversed.  Soda 
and  chlorine  are  always  present  in  straw  ash. 
The  remarks  already  made  as  to  the  sulphates 
in  grain  ash  apply  equally  in  the  case  of  straw. 
The  total  sulphur  found  by  Wolff' in  wheat  straw 
amounted  to  0-084  and  0-111  p.c. ;  in  oat  straw 
to  0-092  and  01U9  p.c. ;  in  barley  straw  to  0-100, 
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0-101,  and  0-151  p.c.  of  the  dry  substance.  Silica 
is  by  far  the  most  abundant  constituent  of  straw 
ash ;  it  is  very  variable  in  amount.  Winter 
wheat  and  spelt  appear  to  contain  a  larger  jiro- 
portion  than  the  spring  sown  cereals.  The  silica 
in  the  living  plant  is  insoluble  in  cold  water, 
save  a  portion  in  the  lower  part  of  the  stem 
(Arendt). 

The  presence  of  a  large  quantity  of  silica  in 
graminaceous  plants  is  one  of  their  distinguish- 
ing characteristics,  and  clearly  indicates  a  power 
on  their  part  of  assimilating  the  silicates  of  the 
soil.    Silica  was  long  supposed  to  be  essential  to 
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the  nutrition  of  gramin.T,  ancl  to  be  tbe  material 
which  chiefly  determined  the  stillness  of  the 
straw.  The  experiments  of  Sachs,  Knop,  and 
many  other  recent  investigators,  on  the  growth 
of  oats  and  maize  in  solutions  containing  no 
silica,  have  shown  that  silica  is  not  essential  to 
plant  growth  or  to  the  development  of  the  seed, 
nor  does  its  absence  materially  alTect  the  stiffness 
of  the  straw.  The  silica  of  the  graminaj  is  in 
fact  to  be  regarded  to  a  great  extent  as  an  excre- 
tion thrown  off  on  the  surface  of  the  plant,  and 
especially  accumulating  in  the  upper  portion. 
Some  very  carefulrecent  experiments  of  Kreushage 
and  Wolff  (L.  V.  30,  IGl)  indicate,  however,  that 
silicates  are  not  altogether  useless  to  the  plant. 
Oat  plants  grown  in  solutions  containing  sili- 
cates did  not  yield  any  distinctly  greater  weight 
of  total  produce  than  others  grown  without  sili- 
cates ;  but  the  former  yielded  a  larger  proportion 


of  com.  There  was,  in  fact,  a  more  thorough 
transference  of  organic  and  cinereal  constituents 
from  the  roots,  stem,  and  leaves,  to  the  seed, 
during  the  ripening  period,  when  the  plant  was 
supplied  with  silica,  than  when  it  was  without 
it.  As  phosphates  also  favour  seed  formation, 
it  appears  possible  that  the  presence  of  silica 
economises  phosphates  ;  but  this  is  not  yet  esta- 
blished in  a  practical  manner. 

The  harvested  straw  of  cereals  really  con- 
sists of  several  distinct  portions  of  the  plant,  as 
the  stem,  leaf,  and  ear.  Each  of  these  has  a 
characteristic  composition.  The  following  table 
gives  the  analyses  by  Bretschneider  of  the  ash 
of  the  stem,  leaf  and  leaf-sheath,  and  ear  with 
seed,  of  an  oat  plant  in  three  stages  of  growth. 

The  leaf  is  seen  to  contain  twice  as  much 
ash  as  the  stem.  The  stem  ash  contains  a 
much  larger  proportion  of  potash,  also  more 


Percentage  Compoaition  of  Ash  of  various  parts  of  Oat  Plant. 


Stem 

Leaf  with  sbeatU 

Ear  with  seed 

Juno  29 

Julys 

July  28 

Aug.  6 

June  29 

Julys 

July  23 

Aug.  6 

July  2R 

Aug.  6 

Ash  in  dry  . 

5-34 

4-76 

5-03 

505 

11-11 

1014 

12-21 

11-37 

4-29 

4-42 

K,0  .... 

31-5 

29-7 

37-0 

33-7 

20-3 

17-6 

10-1 

7-7 

15-9 

11-5 

Na.,0  .... 

11-9 

9-4 

7-7 

8-9 

9-3 

7-8 

31 

2-8 

0-5 

20 

CaO  .... 

4-0 

4-G 

4-0 

5-2 

8-3 

9-5 

8-7 

9-7 

4-3 

41 

MgO  .... 

4-1 

5-1 

4-7 

4-2 

4-7 

5-5 

4-8 

4G 

5-4 

6-8 

Fe.fi,  .... 

0-4 

0-5 

0-2 

0-3 

0-4 

0-5 

0-3 

0-4 

0-2 

0-4 

P,0,  .... 

11-1 

11-2 

G-3 

3-4 

51 

5-4 

3-2 

2-3 

16-9 

20-5 

SO3     .      .      .  . 

3-5 

21 

4-3 

5-2 

4-2 

3-5 

2-0 

2-7 

1-5 

2-4 

SiOj  .... 

30'8 

84-7 

31-2 

35-4 

4G-4 

49-3 

07-2 

G9-5 

54-6 

51-9 

CI  .... 

3-5 

3-6 

60 

4-2 

1-2 

1-3 

0-8 

0-5 

06 

0-4 

Nitrogen  and  Ash  Constituents  of  Wlieat  Grain  grown  at  Eothamstcd. 


Nitrogen 
in  dry 

Unmanured,  mean  16 

years 

1-90 

Unmanured,  highest 

percentages  . 

2-17 

Unmanui'od,  lowest 

liercentages  . 

1-G5 

Farmyard  manure. 

mean  10  years 

1-83 

Farmyard  manure. 

h  igh  est  percentages 

219 

Farmyard  manure, 

lowest  percentages 

i-r,2 

Turo 


In  100  i)iirts  of  pure  ash 


ash  in 
dry 

K,0 

Na^O 

CaO 

MgO 

Fe,0, 

P=0. 

SO, 

SiO. 

Cl 

201 

32-96 

0-62 

2-83 

10-33 

103 

49-71 

1-31 

1-16 

006 

2-3G 

35-49 

1-18 

3-39 

11-67 

1-37 

52-56 

2-40 

2-51 

0-24 

1-88 

29-GG 

0-41 

2-54 

9-14 

0-51 

45-55 

0-65 

0-45 

0-00 

201 

31-57 

0-59 

2-59 

11-11 

0-84 

51-70 

0-79 

0-79 

0-03 

2-20 

35-46 

0-84 

2-88 

12-77 

1-23 

54-69 

2-35 

1-5G 

Oil 

1-85 

27-22 

0-28 

2-34 

10-13 

0-43 

47-05 

0-03 

0-49 

000 

Nitrogen  and  Ash  Constitticnts  of  TP/icai  Straw. 


Unmanured,  mean  16 

years  . 

0-50 

6-44 

14-56 

0-59 

3-89 

2-12 

0-84 

3-79 

3-14 

69-41 

1-89 

Unmanured,  highest 

percentages  . 

0-85 

8-33 

20-68 

212 

6-10 

3-50 

1-64 

5-96 

4-7G 

76-37 

3-19 

Unmanured,  lowest 

percentages  . 

0-33 

4-82 

10-54 

0-26 

2-52 

1-03 

0-32 

2-98 

2-05 

62-72 

108 

Farmyard  manure, 

moan  16  years 

0-44 

6-52 

18-33 

0-51 

4-13 

1-52 

0-52 

3-79 

300 

65-75 

310 

Farmyard  manure. 

highest  pcrcontaRcs 

0-73 

7-91 

25-62 

0-94 

5-4G 

2-14 

0-85 

G-21 

4-62 

7307 

5-02 

Farmyard  manure, 

lowest  percentages 

0-25 

4-90 

12-86 

0-00 

3-20 

1-06 

0-18 

2-98 

2-04 

57-87 

1-84 

CEKEAl.S. 


4!)9 


sofla,  and  more  phosplioric  acid  and  chlorine 
than  tlie  leaf  ash.  The  leaf  ash  is  richer  in 
lime  and  much  riclier  in  silica.  Arendt  has 
separately  analysed  the  different  parts  of  the 
oat  stem,  and  the  upper  and  lower  leaves.  The 
total  ash  is  much  more  abundant  in  the  upper 
than  in  the  lower  portion  of  the  stem,  and  in 
the  earlier  stages  of  growth  nearly  all  the  con- 
stituents of  the  ash  show  a  similar  distribution. 
As  maturity  advances,  silica  accumulates  to  a 
considerable  extent  in  the  upper  stem.  Silica  is 
also  more  abundant  in  the  upper  than  in  the 
lower  leaves.  The  extremity  of  the  leaf  is,  accord- 
ing to  Norton,  richer  in  ash  than  the  base.  The 
ear,  as  the  seed  develops,  becomes  the  part 
richest  in  phosphoric  acid.  For  details  we  nuist 
refer  to  the  original  papers,  the  principal  of 
which  will  be  presently  noticed. 

4.  Effect  of  season  and  'manuring  on  tJic  asli. 
We  shall  best  illustrate  the  variations  which 
tliese  conditions  produce  in  the  ash  constituents 
of  cereals  by  giving  examples  of  the  composition 
of  wheat  grain  and  straw  grown  at  liuthamsted 
(C.  J.  45,  305). 

Wheat  has  been  grown  continuously  in  Broad- 
balk  field  since  1844,  one  plot  entirely  unmanured, 
another  with  14  tons  of  farmyard  manure  each 
year,  the  remaining  plots  with  other  manures. 
The  table  on  p.  4'JiS  gives  the  mean  composition 
of  the  ash  of  the  wheat  grain  and  straw  grown 
without  manure,  and  with  farmyard  manure, 
during  a  period  of  sixteen  years  (1848-G3) ;  also 
the  highest  and  lowest  percentages  of  each  ash 
constituent  during  that  period.  The  figures 
thus  illustrate  the  extent  of  variation  produced 
by  season  during  sixteen  years,  both  without 
manure,  and  with  an  abundant  manuring. 

The  variations  in  the  ash  constituents  of  the 
grain  are  seen  to  be  but  small ;  they  depend 
chiefly  on  the  degree  of  development  which  the 
seed  attains.  The  variations  exhibited  by  the 
straw  are  far  more  considerable,  many  of  the 
constituents  being  almost  twice  as  al)andant  in 
some  years  than  in  others.  The  causes  of  varia- 
tion are  frequently  complicated.   They  depend — 

(1)  On  the  conditions  regulating  the  supply 
of  ash  constituents.  A  dry  season  during  growth 
is  sure  to  determine  a  paucity  of  ash  constituents 
in  the  crop,  while  a  wet  growing  season  enables 
the  crop  to  take  up  a  large  supply. 

(2)  The  general  conditions  as  to  light  and 
heat  determine  the  amount  of  carbonaceous 
matter  produced,  and  thus  directly  influence 
the  proportion  of  ash  constituents  in  the  final 
crop.  Tiic  produce  of  a  warm  season,  under 
equal  conditions  as  to  rain  supply,  will  always 
contain  a  smaller  proportion  of  ash  constituents 
than  the  produce  of  a  cold  season. 

(3)  The  conditions  as  to  light  and  heat  at 
certain  stages  of  growth  have  a  decisive  infiuence 
on  the  relative  composition  of  the  straw  and 
corn.  If  the  season  is  favourable  to  the  forma- 
tion of  seed,  the  leaves,  stem,  and  roots  are  gra- 
dually exhausted  of  phosphoric  acid  and  potash, 
wliich  are  transferred  to  the  seed.  In  a  season 
unfavourable  to  the  production  of  seed  the  ])hos- 
idioric  acid  and  potash  remain  to  a  great  extent 
in  the  straw. 

(4)  The  degree  of  development  reached  by  the 
grain  affects  its  composition.  Very  immature 
grain  is  rich  in  potash  and  poor  in  phosphoric 


acid.  On  the  other  hand  a  grain  ripening  under 
unfavourable  conditions  and  yielding  a  low  pro- 
portion of  flour  and  much  bran,  will  be  relatively 
rich  in  nitrogen,  phosphoric  acid,  and  magnesia, 
as  may  be  seen  by  comparing  the  ash  analyses 
of  flour  and  bran  already  given.  In  seasons  of 
the  best  development  there  is  no  excess  of  potash 
or  phosphoric  acid  in  the  grain.  Hard  wheat 
is  generally  richer  in  phosphoric  acid  than  soft 
wheat,  and  spring-sown  richer  than  autumn- 
sown. 

(5)  The  amount  of  rain  at  harvest  time  will 
considerably  influence  the  proportion  of  soluble 
ash  constituents  found  in  the  straw  and  chaff', 
dead  tissues  being  far  more  subject  to  the  action 
of  water  than  living  ones.  A  maximum  content 
of  alkali  salts  in  the  straw  is  determined  by  a 
wet  summer  and  a  dry  harvest. 

The  influence  of  differences  of  manuring  on 
the  composition  of  the  ash  of  wheat  grain  and 
straw  is  shown  by  the  adjoining  table.  The 
figures  are  in  every  case  the  mean  of  four 
analyses,  representing  the  composition  of  the 
corn  and  straw  in  1852,  1850,  1858,  and  1803. 
The  same  manures  were  applied  every  year 
without  intermission  to  the  same  plot  of  land, 
and  wheat  continuously  grown.  The  mixed 
cinereal  manure  consisted  of  superphosphate, 
and  the  sulphates  of  potassium,  sodium,  and 
magnesium. 

The  influence  on  the  composition  of  the 
grain  of  widely  different  supplies  of  ash  con- 
stituents to  the  soil  is  seen  to  have  been  very 
small.  The  quantity  of  grain  produced  was 
indeed  very  different  with  the  diff'erent  manures, 
reaching  a  maximum  where  a  full  supply  both  of 
ash  constituents  and  ammonia  was  furnished  to 
the  crop,  but  the  proportion  of  ash  constituents 
in  the  grain  varied  but  little.  With  no  ash 
constituents  supplied  (ammonium  salts  only),  the 
phosphoric  acid  is  at  a  minimum.  With  a  nearly 
complete  manure  without  potash  (ammonia  and 
superphosphate)  jiotash  is  at  a  minimum. 

The  composition  of  the  straw  is  far  more 
affected  by  difference  of  manuring  than  that  of 
the  corn  ;  the  greatest  difference  observed  is  in 
the  proportion  of  potash.  A  plant  may  take  up 
alkalis  from  the  soil  far  in  excess  of  its  re- 
quirements; these,  however,  are  not  stored  in  the 
seed,  but  will  be  found  in  the  straw. 

III.  Life  history.  The  composition  of  the 
diff'erent  parts  of  cereal  plants,  and  of  the 
whole  plant  in  different  stages  of  growth,  have 
been  studied  by  the  following  investigators :  — 
]\licat,  by  Anderson  (Trans.  Highland  Soc.  10, 
383),  Pierre  (J.  A.  1804, 127  ;  1800,  163  ;  1868-9, 
203  ;  A.  a.  2,  59),  Wolff  (Aschcn-Analysen,  1871, 
12),  llitthausen  u.  Arendt  {ibid.  13).  jR.'/c,  by 
Schulz-Fleetli,  Ritthausen,  Heiden  Gruber  u. 
Eritsche  {ibid.  16),  Deherain  et  Meyer  (A.  a. 
8,  23).  Oats,  by  Norton  (Am.  S.  [2]  3,  222, 
318),  Breitschneider  (J.  pr.  76,  193),  Arendt 
(J.  A.  1858-9,  124),  Fittbogen  (J.  A.  1804, 
128),  Wolff  (Aschen-Analysen,  1871,  29),  llitt- 
hausen {ibid.  30),  Deh6rain,  Meyer  et  Nautior 
(A.  a.  7,  197,  208 ;  8,  380).  Badcij,  by  Sclieven 
(J.  pr.  08,  193),  Wolff  (Aschen-Analysen,  1871, 
21),  Fittbogen  {ibid.  1880,  12).  Maize,  by 
Leclerc  {ibid.  1880, 18),  Barral  {ibid.  19),  Grandeau 
(ibid.  19),  Hornberger  u.  Eaumer  (J.  A.  1882, 
159),rortele  (L.  V.  32,  241).  Millet  (S.  italica],  by 
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Nitrogen  and  Ash  Cor s'ituents  in  Mlieat  Grain  grown  at  Rothamsted  with  various  tnanurcs. 


AXunurmg 

Nitro- 
gen 
iu  d.'y 

Pure 
in  dry 

In  100  of  pure  ash 

K,0 

Na^O 

CaO 

MgO 

Fe^O, 

P,0. 

SO, 

SiO, 

Cl 

A                 •  It 

Animoniuiu  Stilts    •  . 

ci.no 
/  Uo 

i  10 

320 

0-44 

3-76 

11-5 

0-61 

48-9 

1-69 

1-01 

019 

Ammonium    salts  and 

supcrpliospliate    .  • 

1 .00 

1  .Qf^ 
1  00 

30-3 

0-49 

3-83 

11-2 

0-95 

51-3 

102 

0-90 

0-03 

Ammonium  salts,  super- 

phosphate and  potash  . 

1-85 

1-86 

31-7 

0-35 

2-92 

11-1 

0-87 

51-5 

0-73 

0-72 

0-02 

Ammonium     salts  and 

mixed  cinereals  . 

1-87 

1-88 

31-5 

0-51 

2-79 

11-8 

0-61 

51-5 

0-50 

0-84 

0-01 

Mixed  cinereals 

1-74 

2-02 

31-4 

0-50 

2-82 

110 

0-61 

52-1 

0-67 

0-90 

0-01 

Nitrogen  and  Ash  Constituents  in  Wlieat  Straw  varioushj  vianured. 

Ammonium  salts  . 

0-58 

5-09 

140 

1-18 

6-68 

1-75 

0-56 

2-68 

4-55 

66-8 

2-38 

Ammonium    salts  and 

superphosphate  . 

0-46 

5-40 

9-2 

1-41 

6-61 

1-82 

0-82 

309 

3-35 

72-3 

1-90 

Ammonium  salts,  super- 

j)hosphate  and  potash  . 

0-34 

5-45 

20-6 

0-44 

4-83 

1-44 

0-73 

2-73 

3-34 

62-3 

4-59 

Ammonium    salts  and 

mixed  cinereals  . 

0-51 

5-47 

19-6 

0-76 

5-15 

1-42 

0-74 

3-25 

3-62 

621 

4-44 

Mixed  cinereals  . 

0-44 

6-83 

14-3 

1-23 

3-76 

1-33 

0-75 

3-98 

401 

69-2 

1-87 

Ash 

Constituents 

of  Grain  per 

1000  of  dry  substance. 

Ammonium  salts  . 

5-G5 

0-08 

0-60 

1-99 

0-11 

8-4G 

0-31 

0-17 

0-03 

Ammonium    salts  and 

superphosphate  . 

5-G8 

009 

0-71 

2-05 

0-17 

9-44 

0-20 

0-16 

001 

Ammonium  salts,  super- 

phosphate and  potash  . 

6-01 

OOG 

0-54 

2-03 

0-15 

9-52 

015 

0-13 

0-01 

Ammonium     salts  and 

mixed  cinm-eals  . 

5-99 

010 

0-52 

2-18 

01 1 

9-62 

0-10 

0-16 

— 

Mixed  cinereals  . 

6-35 

0-10 

0-56 

2-22 

0-12 

10-51 

0-13 

0-18 

— 

Ash  Constituents  of  Straw  per 

1000  of  dry  substance. 

Ammonium  salts  . 

0-99 

0-57 

3-34 

0-87 

0-27 

1-30 

2-15 

34-48 

1-24 

Ammonium     salts  and 

super])hosphate  . 

4-85 

0-77 

3-59 

1-00 

0-44 

1-65 

1-78 

39-08 

105 

Ammonium  salts,  super- 

phospliate  and  potash  . 

11-50 

0-25 

2-64 

0-79 

0-36 

1-43 

l-Sl 

33-69 

2-60 

Ammonium    salts  and 

mixed  cinereals  . 

1000 

0-40 

2-82 

0-77 

0-39 

1-76 

1-99 

33-70 

£•51 

Mixed  cinereals  . 

9-00 

0-83 

2-57 

0-91 

0-53 

2-74 

2-72 

47-46 

1-24 

Metzdorf  (J.  A.  18G0  61,  136),  S.  saccharatum,  plant  food  removed  from  the  soil  in  pounds  per 
by  Meunior  (A.  a.  7,  73).  acre  by  average  crops  of  wheat,  barley,  oats,  and 

IV.  Food  requirements.     The  quantity  of    maize,  is  about  as  follows : 


The  Weight  and  Average  Composition  of  Cereal  Crops  in  pounds  per  acre. 


Weight  of  crop 

Total 

Nitro- 
gen 

Sulphur 

Pot-ish 

Sodiv 

Lime 

Mag- 
nesia 

Phos- 
phoric 
acid 

Chlo- 

Silica 

At 

harvest 

Dry 

puri' 
ash 

rine 

Wlictit  grixiii  30  bushels. 
„    straw  .  . 

lbs. 

i,soo 

3,158 

lbs. 
1,530 
2,653 

lbs. 
30 
142 

lbs. 

33 

16 

lbs. 
2-7 
5-1 

lbs. 
fl-3 
19-5 

lbs. 
0-6 
2-0 

lbs. 
1-0 
8-2 

lbs. 
3-6 
3-5 

lbs. 
14-2 
6-9 

lbs. 
0-1 
2-4 

lbs. 

(1-6 
96-3 

Total  crop  . 

4,958 

4,183 

172 

48 

7-8 

28-8 

2-6 

9-2 

7-1 

21-1 

2-0 

9G-9 

Barley  grain  40  bushels. 
„   straw  , 

2,080 
2,447 

1,747 
2,080 

46 
111 

35 
13 

2-  9 

3-  2 

9-8 
25-9 

1-1 

S-9 

1-2 

8-0 

4-0 

2-9 

lG-0 
4-7 

0-0 
3-6 

11-8 
66-8 

Total  crop  . 

4,527 

3,827 

157 

48 

6-1 

35-7 

5-0 

9-2 

6-9 

20-7 

4-1 

68-6 

Oats  grain  45  bushels  . 
„  straw 

1,890 
2,835 

1,625 
2,353 

51 
140 

38 
17 

3-  2 

4-  8 

9-1 
37-0 

0-8 
4-6 

1-8 
9-8 

3-6 
5-1 

130 
6-4 

0-5 
6-1 

19-9 
65-4 

Totjil  crop . 

4,725 

3,978 

191 

55 

8-0 

46-1 

5-4 

11-6 

8-7 

19-4 

6-6 

85-3 

Mnlze  grain  30  bushels. 
„    stalks  iSic,  , 

I,0'*0 
2,208 

1,S00 
1,877  • 

22 
99 

28 
15 

1-8 

6-5 
2D-8 

0-2 

0-5 

3-4 

10-0 

8-0 

0-2 

0-5 

Total  cro  j 

3,888 

3,377 

121 

43 

36-3 

- 

18-0 

E.  W. 
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CERESIN.  Ceresin  occurs  in  commerce  in  the 
form  of  thin  round  masses  several  inches  in 
diameter,  harder  tlian  wax,  of  a  dazzling  white 
colour  ;  inodorous,  and  transparent  at  the  edges. 
The  fracture  is  somewhat  similar  to  that  of  wax, 
but  ceresin  does  not  become  plastic  in  warm 
water.  The  melting  point  is  between  75°  and 
80°.  It  is  not  attacked  by  acids,  either  in  the  cold 
or  when  heated  ;  nor  by  alkalis,  which  do  not 
saponify  a  trace  of  it.  It  is  entirely  volatilised 
at  a  high  temperature  without  alteration.  | 
Ceresin  is  apparently  a  paraliin  ;  it  does  not 
appear  to  be  obtained  from  coal-tar,  but  from 
Galician  'earth-wax  '  i.e.  ozokerite.  It  is  used 
as  a  substitute  for  beeswax  (S.  C.  I.  11, 
372). 

CEEIN  C,„H,,.,0?  A  crystalline  substance 
present  in  cork  to  the  extent  of  about  2  p.c.  and 
extracted  by  chloroform.  Insoluble  in  water. 
By  treatment  with  nitric  acid  yields  ccric  acid. 
Kiigler,  Ar.  Ph.  [3]  22,  217  ;  Dopping,  A.  45,  289. 

CEEINE  V.  Wax. 

CERISE.  A  trade  name  for  a  variety  of 
aniline  reil  and  acid  magenta. 

CERIUM  METALS  AND  EARTHS.  A  con- 
siderable number  of  metals  are  included  under 
this  heading.  Each  invariably  occurs  with  a 
number  of  metals  of  the  same  group,  and,  on  ac- 
count of  the  great  resemblance  between  their 
reactions  many  of  them  can  only  be  separated 
by  the  most  laborious  fractional  precipitation  or 
crystallisation,  or  are  only  distinguished  by  i 
means  of  the  spectroscope. 

A  mineral  gadolinitc  from  Ytterby  was  shown 
in  1791  by  its  discoverer  Gadolin  to  contain  a 
new  oxide  to  which  Eckeberg  gave  the  name 
ytlria.  Klaproth  in  1803  isolated  from  a 
Swedish  mineral  ochroite  a  new  oxide  which  he 
called  ccria.  This  so-called  yttria  was  shown 
by  Berzelius  in  1819  to  contain  ceria,  and  ' 
Mosander  subsequently  found  lanthanum,  didij- 
inkim,  terhiiim,  and  erbium  in  that  earth. 

A  number  of  other  oxides  have  since  been 
isolated  from  the  earths  associated  with  cerium. 
Marignac  has  separated  the  colourless  oxide 
ytterbia  from  gadolinite,  and  has  shown  its  pre- 
sence in  the  rose-coloured  oxide  then  known  as 
erbia.  Two  other  oxides  were  separated  during 
the  fractionation  of  erbia  by  Cleve,  and  called  by 
him  holinia  and  tliulia.  Holmia  appears  to  be 
identical  with  Soret's  X  and  with  Delafontaine's 
phillipia.  It  has  been  shown  by  Boisbaudran 
to  consist  of  two  substances,  for  one  of 
which  he  retains  the  name  holmia,  wliile 
he  names  the  second  dysprosium.  An  oxide 
mosandria  separated  by  J.  L.  Smith  from  North 
Calitornian  saiiiarskitc,  appears  to  be  a  mixture 
of  terbia  and  Marignac's  Yo  (Boisbaudran, 
Marignac).  Crookes  has  also  observed  the  pre- 
sence of  yttria  in  mosandria.  A  new  earth  ob- 
tained by  Belatontaine  in  1878  has  since  been 
divided  by  him  into  two  constituents,  one  of 
which  he  names  dccipia,  while  the  other  ap- 
pears to  be  identical  with  Marignac's  Y^,  and 
with  an  oxide  separated  from  samarskite  in 
1879  by  Boisbaudran  and  named  samaria. 

A  new  metal  discovered  by  Nilson  in  1879 
during  the  separation  of  ytterbium  and  erbium 
is  named  scandium.  Its  atomic  weight  (14)  and 
its  properties  correspond  with  those  of  the  element 
ckahyron  predicted  by  Mendeleeff. 


Thalen  in  1808  and  Cleve  in  1882  had  ob- 
served a  now  line  in  a  fraction  separated  from 
didyniia.  Brauner  in  1882  suspected  the  pre- 
sence of  at  least  three  bodies  in  didymia,  and 
Auer  von  Welsbach  in  1885,  by  many  hundreds 
of  fractional  crystallisations  of  didymium 
nitrate,  separated  it  into  two  distinct  substances, 
one  giving  leek-green  salts  and  a  dark-brown 
oxide,  to  which  he  gave  the  name  praseo- 
didi/niium,  and  a  second,  which  he  called  neo- 
didymium,  yielding  splendid  amethyst  salts 
and  an  oxide  which  when  ignited  was  blue. 

Crookes,  Boisbaudran,  and  Demar(;ay  next 
showed  that  praseo-  and  neo-didymium  them- 
selves consist  of  several  elements. 

From  spectroscopic  evidence  Crookes  con- 
siders that  yttrium  consists  of  not  less  than 
five  metals,  while  according  to  Kriiss  and 
Nilson  most  of  the  other  cerium  metals  are 
complex  bodies.  There  appear  to  be,  in  erbium 
two,  in  dysprosium  three,  in  samarium  two  or 
perhaps  three,  in  holmium  four,  in  thulium  two, 
and  in  didymium  nine  or  ten  distinct  bodies. 
Whether  these  constituents  are  further  divisible 
has  still  to  be  determined. 

The  principal  minerals  in  which  these 
metals  occur  are  from  Siberia,  Scandinavia,  and 
Greenland,  and  are  principally  silicates,  but 
phosphates,  tantalates,  titanates,  and  fluorides 
a'so  exist.  Cerite  occurs  at  Bastniis,  orthito  in 
G  eenland,  gadolinite  at  Ytterby,  wOhlcritc,  at 
Hittero  and  Brevig,  fcrgitsmiic  at  Arendal  and 
Ytterby,  euxcnite  at  Hittero,  thorite  at  Brevig, 
Hittero,  and  Arendal.  Samarskite  andcolumbite 
occur  in  comparatively  large  quantities  in  North 
California  and  other  localities  in  the  United 
States  and  in  Quebec. 

These  metals  are  also  found  in  small  quan- 
tities, generally  associated  with  calcium,  in  the 
ashes  of  plants,  and  in  bone  ash,  various  lime- 
stones, apatites,  scheelites,  Ac.  Y'^tlrium  and 
samarium  appear  to  be  almost  universally  dis- 
tributed (Crookes).  Strohecker  (J.  pr.  [2]  33, 
132)  has  stated  that  from  9-13  p.c.  of  cerium 
hydroxide,  together  with  small  quantities  of  the 
other  earths,  occur  in  the  red  clays  of  Hainstadt, 
and  attributes  the  orange  red  to  '  leather ' 
colour  of  the  bricks  made  from  it  to  the  pre- 
sence of  these  earths.  Blomstrand  (J.  pr. 
[2]  33,  483),  and  Schertel  (B.  19,  13(58),  do  not 
confirm  the  presence  of  these  earths. 

CERIUM.  Symbol  Ce.  At.  w.  1399  (H. 
Kobiuson,  Brauner).  Metallic  cerium  may  be 
prepared  by  electrolysis  of  the  fused  chloride. 
It  resembles  iron  in  colour  and  lustre,  and  melts 
below  the  melting-point  of  silver  but  above  that 
of  antimony.  It  is  ductile  and  malleable,  its 
sp.gr.  after  fusion  under  sodium  chloride  is 
G'728.  Cerium  tarnishes  in  moist  air  and 
'  slowly  decomposes  water  wi{li  formation  of  the 
hydroxide.  It  burns  more  readily  and  more 
brilliantly  than  magnesium,  and  combines 
directly  with  the  halogens. 

Cerium  forms  three  oxides,  cerium  sesqui- 
oxide  Ce.O.j,  cerium  dioxide  CeO^,  and  cerium 
trioxide  CeO^. 

Cerium  sesquioxide  is  a  bluish-green  powder 
which  is  not  reduced  when  heated  in  hydrogen. 
It  dissolves  in  acids  with  formation  of  ccrous 
salts. 
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Cerous  chloride  Co.Cl,;.  The  anhydrous 
chloride  is  an  easily  fusible  deliquescent  salt 
soluble  in  water  with  evolution  of  heat.  At 
dull  redness  it  is  decomposed  by  oxygen  with 
liberation  of  chlorine. 

Cerous  sulphate  Ce,(S0|)3.  The  acid  sulphate 
of  cerium  has  been  used  for  the  development  of 
aniline  black.  According  to  W.  Kruis  (D.  P.  J. 
212,  347)  and  BiUirig  (D.  P.  J.  231,  77),  its  effect 
is  superior  to  that  of  vanadium.  As  the  pre- 
sence of  the  associated  melals  is  not  injurious, 
1  kilo,  of  finely  divided  cerite  may  be  at  once 
treated  with  its  own  weight  of  sulphuric  acid 
and  digested  at  a  gentle  heat  with  occasional 
stirring.  Much  heat  is  developed  and  a  portion 
of  the  sulphuric  acid  is  volatilised,  leaving  a 
dry  grey  mass  which  is  powdered,  mixed  with 
2.50-300  grams  sulphuric  acid,  digested  at  a 
gentle  heat  for  some  days,  and  expelled  by  heat- 
ing the  free  acid  on  a  sand  bath.  The  grey 
powder  is  thrown  in  small  portions  into  cold 
water  with  constant  agitation  and  frequent  addi- 
tion of  ice  to  keep  down  the  temperature,  the 
mixture  is  digested  with  occasional  stirring  for 
a  day  or  two  and  the  liquid  is  decanted  ;  the 
residue  is  again  treated  with  water  to  remove 
all  soluble  constituents. 

One  kilo,  of  cerite  produces  about  20  litres  of 
solution,  which  may  be  used  directly  or  may  be 
evaporated,  the  clear  rose-coloured  crystals  ob- 
tained being  dissolved  in  cold  water.  Of  the 
above  solution  10  c.c,  containing  about  i  gram 
of  cerium  sesquioxide,  is  sulliciont  to  develop 
over  110  litres  of  the  printing  solution,  contain- 
ing over  6  kilos,  of  the  aniline  salt. 

Tlie  cloth  being  printed,  is  aged  at  38  43° 
for  about  eight  hours,  the  deep  blue-black 
colour  characteristic  of  the  cerium  salt  being  de- 
veloped in  a  weak  alkaline  bath. 

Cerous  bromide,  iodide,  fluoride,  sulphide, 
Ac,  and  many  double  salts  are  also  known. 
The  insoluble  cerous  oxalate  and  the  soluble 
double  citrates,  tartrates,  and  lactates  of  cerium 
and  potassium,  sodium,  or  ammonium,  are  used 
medicinally. 

Cerium  oxalate  has  proved  a  useful  sedative 
in  sickness  and  hysteria.  It  is  said  to  be  a 
good  specific  aga'nst  sea-sickness. 

Cerium  dioxide  is  soluble  in  acids,  forming, 
in  the  case  of  hydrochloric  acid,  cerous  chloride 
with  evolution  of  chlorine.  It  dissolves  in  nitric 
acid,. and  on  addition  of  ammonium  nitrate  a 
double  crystalline  salt,  anu)io)iium  coric  nitrate 
2Ce(N(),),  4\H,NO,3II.O  is  produced. 

CEROSILINE  Wax. 

CEROXYLIN  V.  W.\x  ;  also  Eesins. 

CERU  t  EIN  V.  Aliz.\rin  and  ,vllied  coLonn- 
INc.  MAiTi;i;s. 

CERUSITE.    Xative  load  carbonate  v.  Lead. 

CERYL  ALCOHOL  v.  Wax. 

CETINE  r.  Wax. 

CETYL  ALCOHOL  r.  Spi: iiMACETr. 

CEVADINE  r.  \'i:oKro-ALKAi,oiDS. 

CEYLON  MOSS  r.  Ar.o.t:. 

CHAORAL  GUM  v.  (iuMs. 

CHALCANTITE.  A  native  copper  sulphate, 
found  at  Capo  Calamita  as  a  crust  or  e(Uores- 
ceiK'e  on  ivdU  ores. 

CHALCOITE.    Cuprous  xjilphidc,  v.  Copper. 

CHALCOTRICHITE.  Native  copp6r  suboxide, 
V.  Corn;  It. 


CHALK  ;■.  rvT.nor. 

CHALK.  FRENCH.  Steatite  or  soap  stone. 

CH  AMOMILE  OIL  v.  Oils,  essentiai-. 

CHAMOTTE.  A  mixture  of  fire-clay  and 
burnt  pottiiy  used  for  making  fire-bricks, 
crucibles,  pipes,  A'c. 

CHARCOAL  !•.  Carbon  and  Fitel. 

CHAVICIC  ACID  V.  Pepper  reshi,  art.  Kesin. 

CHAVICIN  1-.  Pepper  resin,  art.  Resin. 

CHAY  or  C-IAYA  EOOT.  The  root  of 
Ohleiitaiidia  utiibcllata,  used  in  India  as  a  sub- 
stitute for  madder. 

CHEESE.  The  curd  of  milk  compressed 
into  a  solid  mass.  Cheese  may  be  prepared 
from  the  milk  of  any  aniniai,  but  it  is  usually 
obtained  from  that  of  cows.  The  casein  of 
fresh  milk  is  precipitated  by  rennet  and  carries 
with  it  most  of  the  fat  as  well  as  some  portion 
of  milk-sugar.  Cheese  may  also  be  made  from 
sour  milk  without  the  addition  of  rennet,  the 
lactic  acid  contained  in  it  being  sulficient  to 
precipitate  the  casein  ;  but  for  the  most  part 
fresh  milk  is  employed.  The  time  of  coagula- 
tion depends  upon  the  strength  and  quantity  of 
the  rennet  used  and  upon  the  temperature  of 
the  milk,  an  average  of  80^F.  being  the  most 
suitable,  although  this  varies  slightly  accord- 
ing to  the  warmth  of  the  weather.  In  the 
ordinary  course  coagulation  is  complete  in 
from  forty  to  sixty  minutes.  If  the  necessary 
time  is  not  given,  the  curd  will  be  soft  and 
difiicult  of  separation  from  the  whey ;  if,  on  the 
other  hand,  the  time  is  exceeded,  the  curd  will 
be  tough  and  leathery.  When  colouring  matter 
such  as  annalto  or  saffron  is  employed,  it  is 
usually  added  at  the  time  of  introducing  the 
rennet.  When  the  milk  is  completely  coagu- 
lated, the  curd  is  broken  down  by  means  of  a 
knife  or  an  apparatus  of  wire  meshes,  after 
which  the  whey  or  residual  liquor  is  drawni  off. 
The  curd  is  then  allowed  to  stand  about  an  hour, 
during  which  time  a  certain  amount  of  acidity 
is  induced.  This  acidulation  may  also  be 
effected  by  other  means,  such  as  heating  the' 
mixture  of  curd  and  whey  to  a  temperature  of 
9S^F.,  or  by  adding  a  small  quantity  of  sour 
milk  to  the  fresh  milk  at  the  time  of  adding  the 
rennet.  The  quantity  of  salt  used  is  regulated 
by  the  richness  or  poverty  of  the  fat,  since  less 
is  required  to  pi'event  excessive  fermentation  in 
a  rich  than  in  poor  curd.  After  being  collected 
and  bound  into  the  required  shape,  the  curd  is 
pressed  for  two  or  three  days  and  finally  dried 
and  ripcjied  in  a  curing  room,  in  which  the  tem- 
perature is  kept  as  nearly  as  possible  at  70  F. 
Any  variation  from  this  temperature  is  pre- 
judicial. 

There  are,  however,  numerous  slight  varia- 
tions of  practice  in  the  preparation  of  cheese 
which  in  their  eff  ect  produce  a  marked  distinc- 
tiveness and  result  in  a  very  large  number  of 
kinds :  such  variations  consist,  e.g.,  in  the 
quality  and  conditiop  of  the  milk  employed, 
the  temperature  maintained  during  the  opera- 
tions involved,  and  the  amount  of  fermentation 
permitted. 

The  essential  constituents  of  cheese  are 
casein  and  milk-fat,  with  variable  proportions 
of  water,  lactic  acid,  and  mineral  matter,  in- 
cluding a  small  proportion  of  salt  added  in  the 
manufacture. 


Composition  of  Cheese  (Bell). 


Description 

100  parts  contain 

Proportion 

of  fat  in 
lOU  jiarts  of 
dry  cheese 

Proportion 
of  fat  in 
100  parts 
of  casein 
and  fat 

Salt 
per 
cent, 
in 

cheese 

Percentage  com- 
nositinn  nf  fah 

Water 

Fat 

Casein 

or 
Nitro- 
genous 
matter 

Free 

as 
lactic 

Ash 

Soluble 
acids 

Insoluble 
acids 

Stiltmi 

23-57 

3913 

32-55 

124 

3-51 

51-19 

52-50 

00  yO 

28'C3 

38-24 

29-64 

4-49 

53-57 

5212 

0-79 

0  J  00 

31-55 

35-93 

28-83 

0-27 

3-42 

52-49 

53-34 

U 

^±  OJl 

32-26 

34-38 

27-16 

1-32 

4-88 

50-75 

54-24 

0  yj-t 

4-01 

00  i\J 

VJUl  yUil  j6U  let  ■ 

31-85 

34-34 

27-88 

1-35 

4-58 

20-39 

53-O8 

2-11 

4-40 

89-18 

o  (1  M  o  T  /m  oiT  1 1 1  m  \ 

35-GO 

31-57 

28-16 

0-45 

4*22 

49-02 

50-49 

4-55 

88-75 

Gruyeie 

33-06 

30-69 

30-67 

0-27 

4-71 

46-26 

47-07 

0-81 

4-41 

88-97 

Cheshire 

37-11 

30-C8 

26-93 

0-86 

4-42 

48-78 

50-84 

1-69 

5-55 

87-76 

SinR'le  Gloster  . 

35-75 

28-35 

31-10 

0-31 

4-49 

44-12 

45-24 

1-28 

6-G8 

80-89 

Dutch 

41-30 

22-78 

28-25 

0-57 

7-10 

38-80 

42-41 

4-45 

5-84 

87-58 

The  ripening  i^rocess  in  cheese  ^Yheroby  it 
usually  acquires  a  more  agreeable  flavour  is  es- 
sentially a  fermentation  of  a  slow  character. 
The  amount  of  water  decreases  as  ripening  i3ro- 
ceeds,  but  the  percentage  of  fat  is  not  percep- 
tibly altered  nor  the  total  amount  of  nitrogen, 
although  the  albuminoids  become  gradually 
soluble,  being  converted  into  caseo-ijliiti  11,  a  sub- 
stance soluble  in  hot  alcohol,  which  appears  to 
be  identical  with  Kitthauseii's  glutin  :  hence  we 
may  conclude  that  although  ripe  cheese  is  more 


digestible,  it  has  lost  some  of  its  nutritious 
matter. 

Oleomargarine  and  Lard  Cheese.  The  suc- 
cess attending  the  sale  of  margarine  as  a  sub- 
stitute for  butter  has  led  manufacturers,  espe- 
cially in  America,  to  introduce  foreign  fats  of 
animal  or  vegetable  origin  in  the  production  of 
cheese  as  a  means  of  utilising  skim-milk  ;  the 
cream  which  has  been  abstracted  being  re- 
placed by  lard,  oleomargarine,  and  by  cotton- 
seed oil. 


Analyses  of  Oleomargarine  and  Lard  Cheeses  {Bell). 


100  parts  of  olieese  contain 

Per  cent, 
of  salt 

100  parts  of  fat  contain 

Mcltingr 
point  of 
fat 

Water 

Fat 

Ca?cin  and 
free  aciils 

Ash 

In-o'.uWe 
fatty  acids 

Soluble 
fatty  acids 

Oleomargarine 
Lard 

30-  95 

31-  30 

28-80 
24-66 

36-27 
38-87 

3-98 
5-17 

1-14 
1-55 

92-43 
92-88 

2-16 
1-55 

77"P. 
92  F. 

In  flavour  and  character  these  samples 
closely  resembled  milk-fat  cheese.  Comparison 
of  the  results  of  the  analysis  of  the  two  samples 
with  those  yielded  by  genuine  cheeses  in  the 
former  table  conclusively  proves  the  admixture 
with  foreign  fat.  The  low  percentage  of  soluble 
acids  indicates  that  more  than  one-half  of  the 
fat  has  not  been  derived  from  milk.  The  blue 
and  red  moulds  which  attack  cheese  are  vege- 
table fungi  ;  the  former  belonging  to  the  species 
termed  PcnicilUuin  glauciim,  while  the  latter 
has  been  called  Sporendunema  casei,  but  is  pro- 
bably not  autonomous.  The  cheese-maggot  is 
the  larva  of  the  fly  Piophila  casei ;  the  cheese- 
mite  is  Acariis  siro. 

CHELENTITE.  A  mineral  from  Schnec- 
bcrg. 

As      S     Bi     Cu     Fe     Co     Ni       In-ol.  Sp.gr. 
7.-1-4    1-31  0-GG   1  05  6-10   12-GG   3  02  0-32  =  99-86  C-3 
7.r05    1  30  0-90   1-52   5-23  12-27   3  00  0-52  =  99-79  — 
7J-U0    1-32     —    1-GO  5-22   12G1   3-05    —  =9U-S0  — 

(L.  W.  McCay,  Z.  K.  9,  606). 

CHENEVIXITE.  A  mineral  from  the 
American  Eagle  Mine,  Tintic  Mining  District, 
Utah,  containing  : 

As.Oj    CuO   CaO  MgO  FcO,  AV.Oj  H,0  SiO,. 
35-14    26-31   0-ii    0-16    27-37    O-U'6    9-33    0-40  =  9U-81 

Hardness  3-5  (Hillebrand,  0.  J.  50,  517  Z.  11, 
286). 


CHERRY  LAUREL,  OIL  OF,  v.  Oils,  essen- 
tial. 

CHERRY  TREE  GUM  v.  Gums. 

CHERT.  Feucrstcin,  Hornstein,  Ger.  A  sili- 
cious  mineral  allied  to  chalcedony  and  flint. 
Similar  terms  are  applied  to  hornstone  and  to 
any  impure  flinty  rock,  including  the  jaspers. 
It  is  worked  extensively  from  carboniferous 
limestone  quarries  in  Flintshire,  especially  at 
Halkin  and  Talacre.  It  is  used  in  potteries  for 
paving  the  mills  in  which  fiiuts  are  ground. 
The  following  is  an  analysis  of  a  sample  from 
Vizzin,  Sicily,  given  by  Eicciardi  (G.  11,  319) ; — ■ 
Interior 

SiO.     ALO,  FeO     CaO        11,0       S.G.  at  22° 
9u-3l     0  30     0-25     0-47    2-81  =  100-14  2-572 

White  crust  metamorphosed  by  heat 
SiO,    AI..O3  FeO     CaO        11,0        S.G.  at  22° 
07-02     0-32     3-39     0-55     1-68  =  102-96  2-520 

CHESSYLITE  or  CHESSY  COPPER.  Kiip. 

ferlasur,  Ger.  A  blue  carbonate  of  copper  found 
native  at  Chessv,  near  Lyons  (v.  Coppeb). 

CHIAN  TURPENTINE  v.  Oleo-  kesins. 

CHICORY.  The  plant  Cicliorium  Intybiis, 
nat.  ord.  Composita;  the  name  is  an  Anglicised 
French  word,  the  original  being  chicoric.  It  is 
indigenous  to  England  where  it  is  commonly 
known  as  wild  succory  ;  and  in  its  cultivated 
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state  it  is  also  found  there ;  but  is  obtained  in 
larger  quantities  from  Holland  and  Belgium. 
The  roasted  root  was  very  extensively  used  as  an 
adulterant  to  coffee,  the  legislature  finally  re- 
quiring that  its  mixture  with  colfee  must  be 
notified  to  the  liurchaser.  It  is  entirely  desti- 
tute of  the  properties  which  render  coffee  an 
agreeable  and  nerve-stimulating  beverage,  while 
on  the  other  hand  it  possesses  medicinal  pro- 
perties of  a  diuretic  and  laxative  character 
which  render  its  excessive  use  deleterious.  In 
its  preparation,  the  root  is  cut  in  slices  of  halt 
an  inch  in  length  ;  dried  in  a  kiln  ;  and  subse- 
quently roasted  as  required  in  the  same  way  as 
coifee;  and  finally  ground.  About  2  lbs.  of  lard 
is  added  to  each  hundredweight  of  the  root 
during  roasting  either  to  induce  a  resemblance 
to  coffee  or  to  render  the  powder  less  hygro- 
scopic. 

CHILI  SALTPETRE.  Sodium  nitrate,  v. 
Soi>ir>r. 

CHINA  BLUE.  Syn.  Water  Blue,  Cotton 
Blue,  Opal  Blue,  V.  Tripuenyl  methane  colour- 
ing MATTERS. 

CHINA  CLAY  or  KAOLIN  v.  Cl.^y. 

CHINA  GRASS.  Bhea  Bamie  fibre.  This 
substance  is  tlic  fibre  of  two  (or  perhaps  more) 
species  of  the  genus  Bochmeria,  nat.  ord.  Urti- 
cacere,  shrubs  allied  to  the  nettle  (Urtica),  hwi 
possessing  no  stings,  namely,  Bochmeria  nivea 
or  Urlica  nivea  with  a  white  underleat,  and 
B.  utilis  with  a  green  underleaf.  It  is  the 
Tchou-ma  of  China  and  the  Eheca  of  Assam. 
The  plants  grow  to  a  height  of  from  three  to  five 
feet,  throwing  up  numerous  straight  shoots  as 
thick  as  the  little  linger  and  covered  with  short 
soft  hairs.  Its  leaves  grow  upon  long  foot-stalks 
and  are  broadly  heart-shaped,  about  six  inches 
long  by  four  broad.  It  is  a  native  of  China  and 
Sumatra,  where,  as  in  India,  it  has  long  been 
cultivated. 

Its  manufacture  into  mats  used  for  making 
sails,  foot-mats,  &c.,  is  carried  on  in  Southern 
China,  where  three  crops  of  Tchou-ma  arc  taken 
each  year,  of  which  the  second  is  the  best.  For 
this  purpose  the  grass  is  sorted  into  bundles, 
which  are  soaked  in  water  for  two  or  throe  days 
nnd  then  dried  in  the  sun.  If  a  red  colour  is 
desired  the  grass  is  steeped  in  a  decoction  of 
sapan  wood,  if  yellow  in  a  decoction  of  the  seeds 
and  flowers  of  the  common  Chinese  plant  mi-f<i 
or  in  one  of  Sophora  japnuicn,  to  which  a  little 
alum  is  added  as  a  mordant.  Other  vcgelable 
dyes  are  also  employed  ;  but  of  late  years  aniline 
colours  have  in  a  measure  taken  their  place. 

By  processes  of  manufacture  an  exceedingly 
fine  fibre  is  produced  on  separating  the  filaments 
of  the  stalk,  a  fibre  distinguished  by  its  strength, 
wliich  is  nearly  three  times  that  of  llussian 
liemp,  by  its  length,  which  is  greater  than  that 
of  any  bast  product,  and  by  its  lustrous,  silky 
upiiearance.  Great  efforts  have  been  made,  with 
more  or  less  success,  to  render  the  use  of  the 
fibre  in  European  textile  manufactures  commer- 
cially profitable.  It  will  be  seen  from  the  fol- 
lowing remarks  that  there  are  dilliculties  in  the 
way.  In  the  first  place  the  method  of  separat- 
ing the  bast  by  hand  was  tedious,  and  could  only 
be  performed  wliilst  the  stems  were  quite  fresh, 
thus  limiting  its  production  to  the  immediate 
neighbourhood  of  the  plant's  growth;    In  China 


the  bark  is  stripped  from  the  stems  and  the  fibre 
scraped  off  with  a  knife,  a  process  which  removes 
the  whole  so-called  grass  if  performed  while  the 
stem  is  stiU  quite  fresh,  but  leaves  a  large  por- 
tion if  it  has  become  at  all  dry.  Even  under 
the  best  conditions  a  very  skilful  operator  can 
collect  only  two  pounds  of  grass  per  day,  the 
average  quantity  obtained  being  only  half  a 
pound  to  one  pound.  It  is  further  found  that 
owing  to  the  large  amount  of  pectinic  substances 
contained  in  these  nrticacc(P,  the  long  steeping 
or  retting  processes  used  with  flax  and  hemp 
cannot  be  practised  on  account  of  the  ensuing 
excessive  fermentation,  which  injures  the  fibre. 
Experiments  made  in  India  with  unskilled 
workers  gave  about  four  ounces  per  day  each  as 
the  result  of  their  labour.  Attention  has  conse- 
quently been  given  to  mechanical  processes  for 
separating  the  fibres  from  the  bark  in  the  green 
and  in  tlie  dry  state.  With  this  in  view  the 
India  Otlice  some  years  ago  submitted  samples 
of  the  dried  article  to  Dr.  Forbes  Watson,  who 
reported  that  he  did  not  find  it  at  all  difficult  to 
obtain  the  fibre  from  stems  which  were  quite 
dry.  The  ditliculty  in  the  case  of  India  is  that 
the  best  crops  are  obtained  during  the  rainy 
season,  when  it  is  all  but  impossible  to  dry  the 
stems  except  by  expensive  artificial  means ; 
while,  as  above  pointed  out,  the  liability  of  the 

i  plant  to  ferment  resulted  in  the  spoiling  of  the 
crops  when  its  treatment  was  delayed.  The 
Government  of  India  has  followed  up  its  in- 
quiries and  encouraged  inventors  to  competition 
in  producing  a  machine  capable  of  dealing  with 

I  the  green  crop.  It  may  be  said  that  this  en- 
couragement has  resulted  in  an  approximation 
to  success;  thus,  in  one  instance  of  a  machine 
consisting  of  a  cylinder  with  beaters  revolving 
at  a  high  speed  against  the  stems  upon  which 
meanwhile  a  jet  of  water  is  poured.  Dr.  Watson 
estimated  the  cost  of  producing  the  fibre  to 
average  \l.  to  5?.  per  ton.  The  yield  from  the 
machine  was  from  1  to  2  tons  of  green  stalks 
per  day,  estimated  to  produce  about  100  lbs.  of 
cleaned  fibre. 

j  In  the  treatment  of  green  stalks  by  hand  the 
Favier's  process  consists  in  subjecting  the  plants 

'  to  the  action  of  steam  for  fifteen  to  thirty 

i  minutes,  after  which  the  bark  is  easily  stripped. 
Those  stems  also  which  have  been  standing 
some  time  after  being  cut  can  also  be  treated 
without  leaving  any  appreciable  amount  of  fibre 
on  the  stalks. 

The  operation  of  scutching  the  dried  stems 
presents  no  difficulty  when   steam   power  is 

i  applicable  and  when  the  quantity  of  material  to 
be  treated  is  sufficiently  large.  The  next  pro- 
cess, however,  of  'ungumming'  has  given  a  little 
trouble.  Since  China  grass  contains  from  22  to 
28  or,  in  some  cases,  up  to  15")  p.c.  of  gum  ;  it  is 
necessary  to  remove  this  constituent  of  tlie  fibre 
before  it  can  be  spun  into  yarn.  For  this  pur- 
pose many  partly  mechanical  and  partly  che- 
mical processes  have  been  devised.  It  may 
sufficiently  describe  the  lines  which  these  various 
systems  take  to  say  that  they  resemble  generally 
the  proct^sses  adopted  in  the  scouring  and  bleach- 
ing of  cotton  goods— that  is  to  say,  by  subjecting 
the  material  to  pressure  under  the  application 
of  steam,  and  to  alternate  treatment  of  alkaline 
and  acid  agents. 


CHINESE  GREEN. 


505 


China  grass  has  little  or  no  attraction  for 
dyes,  and  consequently  the  methods  adopted  in 
the  dyeing  of  cotton  or  of  jute  are  applicable  to 
it.  It  is  found  that  mineral  colours,  such  as 
chrome  yellow  and  orange,  destroy  the  peculiar 
lustre  of  china  grass ;  the  yellow  dye  obtained 
with  cadmium  sulphide,  however,  is  not  open  to 
this  objection.  Alizarine  mordanted  with  Turkey 
red  oil  destroys  the  lustre,  whilst  aniline  colours 
fixed  with  the  same  mordant  do  not.  Eosaniline 
derivatives  and  azo-  colouring  matters  may  be 
used  satisfactorily.  It  is  recommended  that  the 
grass  should  be  dyed  immediately  after  retting 
and  before  spinning  to  preserve  the  character- 
istic sheen. 

The  textiles  formerly  associated  with  China 
grass  were  such  articles  as  handkerchiefs  and 
'  grass  cloths,'  imported  direct  from  China  ;  but 
under  the  influence  of  recent  efforts  to  introduce 
the  manufacture  as  well  as  the  growth  of  China 
grass  into  Europe,  other  developments  must  be 
noted.  Thus  at  the  manufactory  of  Zittan,  in 
Saxony,  the  libre  has  already  found  extensive 
application  in  tapestry  and  dress  goods,  table- 
cloths, damasks,  lace,  fancy  knitting  yarns,  Ac. 

CHINA  INK  V.  Indian  ink. 

CHINA  STONE.  A  granitic  rock,  having  its 
felspathic  constituent  more  or  less  decomposed, 
but  not  completely  kaolinised.  As  the  felspar 
still  retains  part  of  its  alkali,  and  as  some  mi- 
caceous mineral  is  generally  present,  the  stone 
is  fusiljle  ;  hence  it  is  largely  used  in  the  manu- 
facture of  porcelain,  and  when  free  felspar  is  not 
introduced  it  forms  the  only  vitrifiable  constituent 
of  the  paste.  China  stone  is  sometimes  known 
as  'Cornish  stone'  in  consequence  of  its  being 
largely  worked  in  Cornwall,  where  it  was  dis- 
covered by  W.  Cookworthy,  of  Plymouth,  about 
1750.  He  first  noticed  it  at  Tregonning  Hill, 
near  Breague,  and  described  it  under  the  local 
name  of  '  growan  '  or  '  moor  stone.'  It  is  now 
obtained  prmcipally  from  the  neighbourhood  of 
St.  Stephens,  near  St.  Austell.  The  rock  re(iuires 
no  preparation,  but  is  sent  direct  from  the  quarry 
to  the  potteries.  Notwithstanding  the  altered 
condition  of  the  felspar,  it  is  used  locally  as  a 
building  stone,  and  found  to  be  durable. 

The  conditions  under  which  the  china  stone 
has  been  formed  are  obscure.  Its  occurrence 
sometimes  in  narrow  bands,  and  its  altered  cha- 
racter at  great  depths,  render  it  improbable  that 
the  decomposition  has  been  due  to  the  superficial 
action  of  meteoric  agents,  such  as  water  and 
carlion  dioxide.  Daubree,  Smyth,  Le  Neve 
Foster,  Collins,  and  other  observers  in  Cornwall 
have  held  that  the  granite  has  been  decomposed 
probably  by  means  of  compounds  containing 
fluorine  rising  from  below,  a  view  suj-portod  by 
the  fact  that  the  china  stone  and  kaolin  occur  in 
association  with  veins  of  tin  ore  and  various 
fluorine-bearing  minerals  (Daubree,  Geol.  ex- 
perim.  1870,  p.  04). 

Cornish  stone  consists  usually  of  quartz, 
altered  orthoclase,  and  gilbertite  ;  frequently  as- 
sociated with  lepidolite,  or  lithia-mica,  known  to 
the  Cornish  quarrymen  as  '  shell,'  and  occa- 
sionally with  sjhorl,  or  black  tourmaline,  and 
fluor-spar  as  accessory  constituents.  The  gilbert- 
ite (hydrated  silicate  of  aluminium  and  potas- 
sium) seems  to  have  been  mistaken  by  some  ob- 
servers for  talc  (hydrated  silicate  of  magnesium). 


as  the  china  stone  has  been  frequently  described 
as  an  altered  talcose  granite.  The  following 
analyses  of  the  china  stone  of  St.  Stephens, 
Cornwall,  were  made  by  .1.  B.  Hannay,  and  are 
given  by  J.  H.  Collins  (Hensbarrow  Granite  Dis- 
trict, Truro,  187(5,  p.  31)  : 


Silica 

o'J  OU 

Alumina. 

.  1G-.50 

17-8.5 

18-79 

Lime 

.  0-50 

2-00 

1-70 

Magnesia 

.  OHl 

0-12 

0-35 

Potash  (with  a' 

ittlesoda)  7-0(3 

7-1)8 

0-00 

Iron 

.  trace 

trace 

trace 

Manganese 

trace 

trace 

Fluorine . 

".  0-74 

0-71 

0-14 

Water  . 

.  1-25 

1-30 

0  91 

100-M 

100-12 

l(m5 

It  has  been  proposed  by  Collins  to  distinguish 
china  stone  under  the  name  Pctnmitc,  a  word 
suggested  by  the  Chinese  pe-tun-tsc.  In  the 
early  part  of  the  last  century  a  .Tesuit  missionary 
named  D'EntrecoUes  residing  at  King-te-chin, 
sent  to  Reaumur,  in  Paris,  samples  of  the 
raw  materials  used  in  China.  These  were  the 
first  specimens  of  their  kind  that  had  ever 
reached  Europe,  and  they  led  to  the  foundation 
of  the  manufacture  of  porcelain  at  Sevres.  The 
china  stone  was  described  by  D'EntrecoUes  as 
pe-tun-tse,  and  the  china  clay  as  kaolin  ;  but  it 
appears  that  the  former  name,  if  not  botli,  must 
have  been  erroneously  applied.  According  to 
the  Chinese  scholar,  Stanislas  .Julien  (Hist,  ct 
Fabric,  de  la  Porcel.  Chin.,  Paris,  1850,  preface 
p.  xx),  pe-tuii.  signifies  '  white  paste,'  while  tsc  is 
merely  a  diminutive  applied  to  the  materiiil 
when  worked  up  into  small  cakes.  Hence,  pe- 
tun-tse  is  really  the  name  of  small  blocks  of 
white  clay  or  prepared  paste,  and  not  of  the  gra- 
nitic rock.  Nevertheless,  custom  in  this  country 
has  justified  the  use  of  the  term  pe-tun-tse  as 
synonymous  with  china  stone.  F.  W.  R. 

CHINESE  BLUE  (Pori'dlanblau,  Ger.). 
Several  compounds  are  sold  under  this  name,  of 
which  the  following  are  examples ;  ultramarine 
and  flake  white  ;  cobalt  blue  and  white  lead  ; 
and  a  double  cyanide  of  iron  (Prussian  blue), 
V.  Pigments. 

CHINESE  GKEEN  or  LOKAO.  This  colour- 
ing matter  is  oljtainod  in  China  from  different 
varieties  of  buckthorn  (liliamnus),  and  isln-ought 
into  commerce  in  the  form  of  thin  blue  slabs, 
easily  broken,  but  dillicult  to  pulverise.  It  is  a 
lake  containing  the  colouring  matter  lokain, 
with  from  20  p.c.  (Cloez  and  Guignet,  B.  5,  338) 
to  47  p.c.  of  clay  and  chalk  (Kayser,  B.  18,  3417). 
To  obtain  the  pure  colouring  matter  lokao  is 
extracted  with  ammonium  carbonate  solution  ; 
on  the  adilition  of  alcohol  to  the  filtrate,  a  deep 
blue  precipitate  of  the  ammonia  compound  of 
lokain  Cj.^H,/).,;  is  formed.  From  the  solution  of 
this  compound  in  water,  oxalic  acid  precipitates 
lokain,  which,  when  dried,  is  a  pulverulent 
bluish-black  substance  insoluble  in  water,  al- 
cohol, ether,  chloroform,  and  benzene.  Friction 
imparts  to  it  metallic  lustre.  The  monammo- 
nium  salt  forms  small  crystals  with  bronze-like 
lustre,  from  which  the  diammonium  salt 
C|,,H|,-0^;(NH,),  is  obtained  by  moistening  them 
with  ammonia  and  subsequent  drying  over 
sulphuric  acid.  The  barium  salt  C|,H|,BaO,,  is 
insoluble  in  water  and  alcohol.    The  potassium 
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salt  C,.JI,^K,0.,,  forms  a  dark-blue  amorphous 
precipitate  from  alcohol.  Soluble  compounds  of 
lokaui  show  perfect  absorption  of  the  spectrum 
in  the  red  and  yellow  portions  only.  Boiling 
dilute  acids  decompose  lokaiu  into  a  carbohydrate 
I o k a o s e  C„H|._,0,;,  and  lokanic  acid  C^^Hj^O,^, ; 
the  latter  is  a  bluish-violet  crystalline  powder 
insoluble  in  water,  alcohol,  and  ether,  containing 
1  molecule  of  water,  which  is  given  off  at  120°. 
The  ammonium  salt  CiH^-O.^iNH,  is  a  deep-blue 
powder  soluble  in  water,  with  a  violet  colour ; 
the  barium  and  lead  salts  are  dark-blue  powders 
insoluble  in  water  and  alcohol.  Soluble  com- 
pounds of  lokain  in  very  dilute  solution  show 
a  characteristic  perfect  absorption  in  the  yellow 
and  yellow-green  portions  of  the  spectrum. 
Lokaose  reduces  Fehling's  solution  with  half 
the  power  of  glucose,  from  which  it  also  dififers 
by  its  optical  inactivity.  The  decomposition  of 
the  lokain  is  expressed  by  the  equation  C,._,H|,0._,; 
=  Cj,H.|  .0^,  +  C ,H  .^0 ,.  Reducing  agents  convert 
blue  solutions  of  lokain  and  lokanic  acids  into 
blood-red  solutions,  which  become  green  on  ex- 
posure to  the  air. 

Lokanic  acid  is  decomposed  by  cold  concen- 
trated sulijhiiric  acid  according  to  the  equation 
t':,„HjA,-5H,0  =  C,,H,,0|„.  This  latter  sub- 
stance forms  a  red-brown  powder ;  its  barium 
compound  C.,  H^,BaO|,.  is  also  a  red-brown  sub- 
stance. Concentrated  potash  solution  (50  p.c.) 
decomposes  lokanic  acid  into  a  brown  powder 
and  phloroglucinol ;  the  former  body  is  termed 
delokanic  acid  C|,H,,0,^,  the  following  equation 
representing  the  reaction : 

C,  H,,  0„  =  20,  ,H„0,  -(■  C,  H  O,  +  6H,0 
(R.  Kaysor,  I.e. ;  S.  C.  I.  5,  102). 

CHINESE  LAKE  or  SCAELET  LAKE  v. 

PlG^rKNTS. 

CHINESE  TALLOW.  A  white  vegetable 
tallow  covering  the  seeds  of  Stillimjia  schifera, 
used  for  ciindle-niaking. 

CHINESE  WAX  v.  Wax. 

CHINESE  YELLOW  [King's  yellow)  v.  Pia- 
JIi:ni's. 

CHINOLINE  !).  Qdinoline. 

CHINOLINE  BLUE  v.  Quinoline  bt,ue. 

CHIOLITE.  A  double  fluoride  of  aluminium 
and  sodium  3AlF^.5NaF  closely  akin  to  cryolite 
AlF,.8NaF.  Found  at  Miask  (Braudl,  J.  M. 
18.S2  ;  2nd  Ref.  201  ;  C.  J.  41,  2!)). 

The  following  analysis  is  given  by  Brandl 
(A.  213,  1)  : 

Al  N;>  p 

17-GG       21-'J7       57-30  =  99-93 
17-64       25-00       57-30  =  99-94 
CHITIN  V.  Gr,ucosiDES. 
CHLOANTHITE.  A  mineral  from  Schneeberg 
contaiuing 

Ai  S         ]M      Fo        Cii  Ni 

08-40    1-015    0-21    0-1)9    420    24-95  =  99  ol 
Sp.gr.  G-44  (J.  37,  1904). 

CHLORAL  Trichloracdaldchj/dc  CC1,.CII0. 
Cliloral  was  first  prepared  by  Liebig,  who 
obtained  it  by  the  continuous  clilorination  of 
absolute  alcohol  (A.  1,  189).  It  was  further  ox- 
anuned  by  Dumas  (A.  Ch.  [2]  50,  125),  who 
dotennincd  its  composition,  and  by  Stiideler 
(A.  01,  101).  Although  a  chlorinated  aldehyde, 
it  cannot  be  prepared  by  treating  acetaldeliyde 
with  chlorine,  unless  water  is  present  together 
w-ith  calcium  carbonate  to  neutralise  the  hydro- 


gen chloride  formed,  since  butyric  chloral  results 
when  dry  materials  are  employed  (Pinner,  B. 
4,  250). 

Preparation. — Absolute  alcohol  istreated  con- 
tinuously with  dry  chlorine  in  the  cold,  care 
being  taken  to  avoid  a  rise  of  temperature  at 
first;  afterwards,  when  the  absorption  of  the 
gas  diminishes,  the  temperature  of  the  alcohol  is 
gradually  raised  to  about  00°,  and  the  current 
continued  until  the  action  is  complete  and  chlor- 
ine is  no  longer  absorbed  by  the  syrupy  liquid. 
In  this  reaction  chloral  alcoholate  is  formed, 
and  on  digestion  at  G0°  for  several  hours  with 
twice  its  volume  of  strong  sulphuric  acid  this  is 
decomposed  into  alcohol  and  chloral,  the  latter 
of  which  separates  as  an  oil  and  can  be  purified 
by  distillation  over  calcium  carbonate.  Ethylene 
dichloride,  ethylidene  chloride,  and  chlorinated 
ethylene  dichloride  (b.p.  =  115°)  are  also  formed 
as  by-products  in  this  reaction  (Kriimer,  B.  3, 
257).  According  to  Page  (A.  225,  209)  the 
chlorination  proceeds  more  rapidly,  and  the 
yield  of  chloral  is  greater  if  a  small  percentage 
of  ferric  chloride  is  previously  added  to  the 
alcohol ;  ethyl  chloride  is  produced  in  the  re- 
action, and  instead  of  the  alcoholate  a  mixture 
of  chloral  and  chloral  hydrate  results. 

Theories  to  explain  tbe  formation  of  chloral 
have  been  proposed  by  Lieben  (B.  3,  910),  and 
by  Wurtz  and  Yogt  (C.  R.  74,  777  ;  compare 
also  Jacobsen,  B.  15,  GOl). 

ProjKriies. — Chloral  is  a  colourless  pungent 
liquid,  which  solidifies  at  —75°  (Berthelot,  Bi. 
29,  3),  and  is  readily  soluble  in  water,  alcohol, 
and  ether.  Its  b.p.  =  97  7°  (cor.)  and  sp.gr. 
=  1-54175  at  0°  (Passavant,  C.  J.  39, 55 ;  Thorpe, 
C.J.  37,  191);  b.p.  =  9G°-97°  at  750  mm.,  and 
sp.gr.  =  1-5121  at  1^  (Briihl,  A.  203,  II).  Nas- 
cent hydrogen  reduces  it  to  aldehyde  (Per- 
sonne,  A.  157,  113),  which  it  clo-^ely  resembles 
in  reducing  ammoniacal  silver  nitrate  solution 
(Stiideler,  A.  100,  253),  and  in  forming  crystal- 
line compounds  with  alkaline  bisulphites  (ibid.) ; 
with  ammonia  (Personne,  I.e.;  C.  R.  71,  228); 
with  hydrogen  cyanide  (Bisehoii  and  Pinner, 
B.  5,  113 ;  A.  179,  77) ;  and  with  amides  and 
amines  (Wallach,  B.  5,  251).  When  heated  with 
aqueous  alkalis  it  decomposes  into  chloroform 
and  an  alkaline  formate,  and  a  similar  reaction 
occurs  when  alcoholic  potash  or  soda  is  em- 
ployed (Kekul6,  A.  119,  188).  Fuming  nitric 
acid  converts  it  mto  trichloracetic  acid,  and,  ac- 
cording to  Grabowski  (B.  0,  225),  fuming  sul- 
phuric acid  combines  with  it  in  the  cold,  but  on 
heating  converts  it  into  chloralide  CjH^Cl^Oj 
(compare  Grabowski,  B.  8,  1433  ;  Stiideler,  A. 
CI,  114;  Wallach,  A.  193,  1). 

When  pure,  chloral  is  perfectly  stable,  but 
traces  of  impurities,  and  particularly  of  sul- 
phuric acid  (Byasson,  C.  R.  91,  1071)  convert  it 
into  mctachloral  -  a,  white  amorphous  substance 
insoluble  in  water,  alcohol,  and  ether— which, 
on  distillation  at  180°-250°,  is  reconverted  into 
ordinary  cliloral  (Kolbe,  A.  54,  183  [footnote]). 

Chloral  hydrate  CC1,.CH0  +  H.,0,  or 
CC1,.CH(0H).,, 
is  formed  by  dissolving  chloral  in  water.  On 
the  manufacturing  scale  it  is  prepared,  according 
to  Dets6nyi  (D.  P.  J.  209,  224,  with  figure)  by 
passing  chlorine  into  alcohol  of  at  least  9C  p.c. 
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When  120-150  lbs.  of  alcohol  are  employed  the 
eurreut  must  be  maintained  for  12-14  days, 
daring  which  time  the  temperature  rises  to 
60-70",  and  the  product  acquires  a  density  of  41°B. 
The  crude  product  so  obtained  is  ijuriiied  by 
heating  it  with  an  equal  weight  of  concentrated 
sulphuric  acid  in  copper  vessels  lined  with  lead. 
Considerable  quantities  of  hydrochloric  acid 
escape  at  first,  and  when  the  evolution  has 
ceased  the  jnoduct  is  distilled,  chloral  passing 
over  in  the  fraction  95- 100°.  This  is  redistilled 
in  similar  vessels,  and  the  distillate  mixed  v/ith 
the  requisite  quantity  of  water;  the  hydrate  is 
then  either  allowed  to  solidify  in  cakes  or  is 
IDOured  into  vessels  one-third  tilled  with  chloro- 
form, to  crystallise.  It  may  be  crystallised  with 
advantage  from  carbon  bisulphide  or  turpentine 
(Fliickiger,  Z.  [2]  (i,  432). 

Properties. — Chloral  hydrate  crystallises  in 
monoclinic  tables  (Groth,  B.  6,  670),  and  has  a 
peculiar  odour  and  sharj^  taste.  Its  m.p.  =  57^ 
(Meyer  and  Dulk,  A.  171,  75),  b.p.  =  y7-5°,  and 
sp.gr.  =  1-818  (in  powder)  and  =1-848  (crystal- 
lised) (Schroder,  B.  12,502).  It  dissolves  readily 
in  water,  alcohol,  ether,  chloroform,  turpen- 
tine, and  light  petroleum,  and  its  solubility  in 
carbon  bisulphide  is  given  by  Fliickiger  (I.e.)  as 
1  in  45  at  15-18^,  and  1  in  4  5  at  the  boiling- 
point.  Concentrated  sulphuric  acid  decomposes 
it  into  chloral  and  water,  and  alkalis  act  ui)on 
it  as  upon  chloral.  A  modification  of  the 
hydrate,  melting  at  80°,  is  obtained  by  rapidly 
evaporating  an  acetic  acid  solution  of  anhy- 
drous chloral  over  sulphuric  acid  (Meyer  and 
Dulk,  I.e.). 

Pliilsiological  aetion.  —  Compare  Liebreich 
(B.  2,  20'J) ;  Personne  (C.  E.  78,  129) ;  Byasson 
(C.  E.  78,  649) ;  Tomaszewicz  (abstracted,  C.  J. 
1874,  814) ;  and  Tanret  (J.  Ph.  [4]  20,  365). 

Eslimation. — 4  grams  of  the  sample  are 
dissolved  in  water,  and  any  free  acid  removed  by 
shakingeither  with  chalk  or  barium  carbonate  and 
filtering.  The  liltrate  is  treated  with  a  moderate 
excess  of  normal  caustic  soda  solution,  and 
titrated  back  with  normal  acid  in  the  usual  way, 
litmus  being  used  as  an  indicator.  Each  c.c.  of 
the  normal  alkali  used  corresponds  to  0-1475 
gram  of  chloral  or  0-10G5  gram  of  chloral  hy- 
drate (Meyer  and  Haffter,  B.  6,  600). 

Another  method  in  which  milk  of  lime  is 
used  to  effect  the  decomposition  of  the  chloral 
has  been  proposed  by  Wood  (Ph.  J.  [3]  1,  703). 

Chloral  alcoholates.  Chloral  combines  with 
absolute  alcohol  forming  chloral  ethijlalcoholata 
CCl,,.CH(UH).OEt  (Martius  and  Mendelssohn,  B. 
3,  444),  identical  with  the  final  product  of  the 
action  of  chlorine  on  absolute  alcohol  (Lieben, 
B.  3,  907).  This  crystallises  in  needles,  melts 
\  at  44-40^-'  (Meyer  and  Dulk,  A.  171,  78),  at  40° 
(Lieben),  boils  at  115°,  is  spai  ingly  soluble  in 
water,  and  deoomposcs  into  chloral  and  alcohol 
on  treatment  with  concentrated  sulphuric  acid. 
Other  alcoholates  have  been  described  by  Jacob- 
sen  (A.  157,  244). 

Bu-i-yric  chloral  Cn,.CIICl.CCl,.CHO. 
Kriimer  and  Pinner,  by  passing  dry  chlorine 
into  acetaldehydc  or,  preferably,  paraldehyde, 
cooled  at  (irst,  but  afturwards  heated  at  100°, 
obtained  a  compound  wliich  was  at  first  regarded 
as  crotonic  chloral  C|H,|C1;|0._.,  but  is  now  identi- 
lieJ  as  butyric  chloral  (A.  179,  20;  B.  3,  383; 


8,  15G2).  It  is  a  colourless  oil,  having  a  charac- 
teristic chloral  odour,  boils  at  164°-1G5°  at 
750  mm.  (Briihl,  A.  203,  20),  and  resembles 
chloral  in  forming  compounds  with  water,  am- 
monia, amides  and  hydrogen  cyanide 

CHLORALUM  v.  Disinfectants. 

CHLOKANIL  v.  Tictkaciilorqdinone. 

CHLORATE  OF  POTASH  v.  Culorinb. 

CHLORATE  OF  SODA  v.  Ciilohine. 

CHLORIDE  OF  LIME  v.  Chlorine. 

CHLORIDE  OF  POTASH  v.  Chlorine. 

CHLORIDE  OF  SODA  v.  Chlorine. 

CHLORINE.  Symbol  CI.  At.  w.  35-37. 
Chlorine  was  first  obtained  by  Scheele  in  1774  by 
the  action  of  hydrochloric  acid  upon  manganese 
dioxide,  and  was  termed  by  him  '  dephlogisticated 
marine  acid  air.'  The  idea  that  it  was  a  com- 
pound substance  jorevailed  until  1809,  when  Gay- 
Lussac  and  Thenard  suggested  that  it  was  pro- 
bably an  elementary  body,  a  supposition  con- 
firmed by  the  investigations  of  Davy  in  1810 
(T.  1811,  1,  32).  Davy  gave  it  its  present 
name,  fi-om  x^'^P'''^  greenish-yellow,  in  allusion 
to  its  characteristic  colour. 

Ciilorine  is  never  found  free  in  natm-e ;  it 
exists  mainly  in  combination  with  sodium,  po- 
tassium, calcium,  magnesium,  etc.  Sodium 
chloride  occurs  as  rock  salt  in  large  quantities 
in  Galicia,  Tyrol,  Transsylvania,  Spain,  and  in 
England  (particularly  in  Cheshire)  (y.  Sodium). 
Potassium  chloride  is  found  as  sylvinc  (q.  v.), 
and  in  association  with  magnesium  chloride  as 
caniallito  KCl.MgCL.GH^O  {q.  v.)  in  the  salt  beds 
of  Stassfurt.  Other  naturally  occurring  chlorides 
are  vuMockite  PbCL.PbO,  Jwrn  silver  AgCl, 
ataeamite  Cu.Cl(OH)^,  calomel  HgCl,  &c.  Ferric 
chloride  Fe^Cl„  and  sal  ammoniac  are  occasion- 
ally found  native  as  products  of  volcanic  action. 
Alkaline  chlorides  are  also  found  in  considerable 
quantity  in  sea-water  and  in  many  natural 
waters. 

Sodium  and  potassium  chlorides  are  present 
in  most  animal  secretions,  and  free  hydrochloric 
acid  is  met  with  in  the  gastric  juice.  Many 
plants,  especially  those  growing  in  proximity  to 
the  sea,  contain  notable  quantities  of  chlorides. 

The  readiest  mode  of  preparing  chlorine  for 
laboratoi-y  pui-poses  consists  in  heating  manga- 
nese dioxide  with  hydrochloric  acid,  or  by  heat- 
ing a  mixture  of  manganese  dioxide,  common 
salt,  aniT  sulphuric  acid. 

MnO.,  +  4HC1  =  CL  H  MnCI,  +  2H„0. 
'2NaCl  +  MnO.,+  2H..SO^ 
=  CI,  +  Na,SO,  +  MnSO,  +  2H,0. 
Both  these  processes  are  used  on  the  large  scale 
for  the  preparation  of  chlorine  (u.  intra). 

Many  other  peroxides  and  certain  oxysalts  may 
also  be  used  for  the  preparation  of  chlorine  ;  thus 
red  lead  and  potassium  bichromate  generate  the 
gas  when  heated  with  hydrochloric  acid. 
Pb,,0,  +  81101  =  CL,  +  3PbCl.,  -i-  4H,0. 
K.Cr.0.-H4HCl  =  3Cl.,-h2KGl-i-Cr.,Cl,  +  7PI,0. 
kClO,  I  21101  =  01  -t  CIO,  +  KCi  +  'h,o.  ' 
Chlorine  is  also  formed  when  the  heated  vapours 
of  nitric  and  hydrochloric  acid  react  upon  each 
other  :  2HC1  +  2HN0,  =  CI,  +  N,0,  +  2H,0. 

Certain  chlorides,  e.g.  MgCl,  in  air,  PbCl^, 
AuCl.,,  etc.,  evolve  chlorine  when  heated. 

(For  other  processes  v.  infra.) 

At  ordinary  temperatures  and  pressures 
chlorine  is  a  greenish-yellow  gas,  which  becomes 
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(lailicr  in  colour  as  it  is  w  amicil ;  under  strong 
pressures  the  colour  becomes  orange-yellow. 
K\en  when  largely  diluted  with  air  the  gas  pos- 
Rcsscs  a  characteristic  pungent  and  irritating 
smell ;  it  cannot  be  respired,  as  it  rapidly 
attacks  the  membranes.  The  gas  is  incom- 
bustible in  air,  although  it  may  be  made  to 
burn  in  hydrogen ;  ordinary  illuminating  flames, 
e.g.  of  coal-gas,  tallow,  wax,  &c.,  burn  in  chlor- 
ine with  separation  of  carbon  and  formation  of 
hydrochloric  acid  gas. 

The  sp.gr.  of  chlorine  shows  a  gradual  dimi- 
nution up  to  i-lO"^,  when  its  density  becomes 
normal,  viz.  2-4502  (Jahns,  B.  1.5,  1238). 

40°        80=        I--'0°        IGO''       2110°  240° 

2-4.S44  2-477G  2  4708  2-4041  2-4572  2-4504 
The  absorption  spectrum  of  chlorine  shows 
numerous  dark  lines  in  addition  to  complete 
absorption  in  the  blue  and  violet. 

Chlorine  is  readily  liquelied  to  a  dark 
greenish-yellow  liquid  of  sp.gr.  l-.Sfi,  b.p.  33-G°. 
It  ran  be  solidified  at  a  low  temperature.  Liquid 
chlorine  is  not  miscible  with  water;  its  refractive  ! 
index  is  lower  than  that  of  water,  and  it  is  a 
non-conductor  of  electricity. 

Chlorine  gas  is  readily  soluble  in  water,  its 
absorption  co-ellicient  between  10°  and  41-5° 
according  to  Schonfeld  (.\.  93,  20  ;  90,  8)  is 

3  0301  -  0-040190^  -f  •0001107<- 
by  means  of  which  the  following  table  showing 
the  volume  of  chlorine  at  0^  and  700  mm.  ab- 
sorbed by  1  vol.  of  water  at  varying  tempera- 
tures is  calculated 

10^         1.')°        20^  25°  30°  35° 

2-5852  2-3G81  2-15G5  1-9504  1-7499  1-5550 
{v.  also  Pickering,  C.  J.  1880,  139). 

The  volume  of  chlorine  absorbed  from  a 
mixture  of  that  gas  with  an  indifferent  gas,  as 
hydrogen  or  carbon  dioxide,  is  greater  than  that 
calculated  from  the  law  of  partial  pressures 
(Roscoe,  C.  J.  8,  14). 

Chlorine- water  has  the  characteristic 
smell  and  colour  of  the  gas  ;  in  daylight,  and 
especially  when  exposed  to  sunshine,  it  gradually 
loses  its  colour  owing  to  the  action  of  the  chlor- 
ine on  the  water,  the  main  reaction  being 
Hp-(-Cl,  =  2HCU0. 

On  cooling  a  saturated  solution  to  0°  it  de- 
posits crystals  of  so-called  chlorine  hydrate 
of  a  light  yellow  colour,  which  become  almost 
white  when  cooled  to  -50°.  By  gently  heating 
the  crystals  in  a  sealed  tube  they  are  readily 
resolved  into  water  and  free  chloride  which  may 
be  thus  obtained  as  a  liquid. 

Chlorine  is  an  active  chemical  agent,  and 
combines  with  many  substances  even  at  the 
ordinary  temperature.  Phosphorus  ignites  i 
spontaneously  in  the  gas  forming  phosphorus 
trichloride,  which,  in  contact  with  excess  of 
chlorine,  is  ultimately  converted  into  phos- 
phorus pontachloride.  Finely  divided  ar.scnic, 
nntiniony,  copper,  tin,  lead,  and  iron  burn  in 
chlorine  forming  the  respective  chlorides.  Cer- 
tain of  these  reactions  are  modified  if  the  chlor- 
ine is  absolutely  free  from  moisture.  Wanklyn 
(C.  N.  20,  271)  found  that  sodium  might  be 
melted  in  dry  chlorine  without  action,  although 
the  metal  readily  burns  in  chlorine  as  oixlinarily 
luepared.  Cowper  (C.  J.  43,  153)  found  that 
l)utch  metal,  zinc,  and  magnesium  were  unacted 


I  upon  by  dry  chlorine ;  silver  and  bismuth  were 
1  only  slowly  attacked. 

Sulphur  dioxide,  ethylene,  and  carbon  mon- 
oxide readily  unite  with  chlorine.  Chlorine 
rapidly  attacks  many  organic  substances  form- 
ing addition  products  as  in  the  case  of  ethylene, 
or  siibstitvtion  products  as  in  that  of  marsh  gas. 
Chlorine  has,  indeed,  a  very  strong  atlinity  for 
hj-drogen ;  a  lighted  taper  plunged  into  an  atmo- 
sphere of  chlorine  continues  to  burn  with  a  dull 
lurid  flame  accompanied  by  much  soot.  It  a 
piece  of  paper  moistened  with  oil  of  turpentine 
C|„H|j  be  thrust  into  a  jar  of  the  gas,  it  takes 
fire  and  burns  with  a  cloud  of  smoke.  By  reason 
of  its  tendency  to  unite  with  hydrogen  chlorine 
acts  indirectly  as  an  oxidising  agent  in  presence 
of  moisture.  Many  metallic  protoxides  are  con- 
verted into  peroxides  by  the  action  of  the  gas 
in  presence  of  water,  the  hydrogen  of  which 
combines  with  the  chlorine  to  form  hydrochloric 
acid,  whilst  the  liberated  oxygen  attacks  the 
metallic  oxide.  If  a  stream  of  chlorine  is  led 
I  into  an  alkaline  solution  containing  sulphur,  or 
a  sulphur  compound  in  solution  or  suspension, 
the  sulphur,  in  presence  of  water,  is  rapidly 
oxidised  by  the  nascent  oxygen  to  the  state  of 
sulphuric  acid.  The  oxidising  action  of  chlorine 
is  frequently  made  use  of  in  chemical  analysis. 
By  virtue  of  its  oxidising  action  chlorine  de- 
stroys many  organic  colouring  matters,  and  is 
hence  used  directly  or  indirectly  for  bleaching. 
It  is  also  used  as  a  disinfectant. 

Ixi)rsTr,i.\L  Prepahatiox  of  Chlohtke. 

Chlorine  is  always  prepared  by  the  action  of 
hydrochloric  acid  on  substances  capable  of 
oxidising  the  hydrogen,  thus  setting  the  chlorine 
at  liberty.  The  hydrochloric  acid  is  nearly 
always  employed  in  the  free  state,  as  it  is  ob- 
tained in  the  tcclniical  process  of  manufactur- 
ing sodium  sulphate  by  decomposing  conunon 
salt  by  sulphuric  acid.  But  sometimes  local  cir- 
cumstances still  compel  the  direct  use  of  a  mix- 
ture of  sodium  chloride  and  sulphuric  acid  with 
manganese  peroxide  even  for  manufacturing 
purposes ;  and  recently  a  large  number  of  pro- 
posals have  been  made  for  manufacturing  chlor- 
ine from  hydrochloric  acid  in  the  nascent  state 
as  it  is  by  suitable  means  obtained  from  mag- 
nesium chloride  or  other  chlorides. 

The  substance  which  supjdies  the  '  active  ' 
oxygen  for  liberating  chlorine  from  hydrochloric 
acid  is  nearly  always  manganese  dioxide,  either 
in  the  native  state  or  artificially  prepared  by 
atmospheric  oxygen  from  tlie  resiilual  liquors  of 
the  chlorine  process  (Weldon  mud,  v.  infra). 
j  There  are,  however,  processes  for  employing 
atmospheric  oxygen  directly  for  that  purpose, 
one  of  which,  the  Deacon  process,  has  been 
j)ractised  on  a  large  scale  for  many  years  past, 
while  others,  such  as  the  Pechiney-Weldon  pro- 
cess, cannot  as  yet  be  said  to  have  passed  the 
experimental  stage. 

Eaw  Materials  for  the  Manufacture  op 
culohine. 

1.  Hydrochloric  acid  (technically  also  called 
Muriatic  acid). 

The  solution  of  hydrochloric  acid  used  for 
the  manufacture  of  chlorine  ought  to  be  as 
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strong  as  possible,  especially  if  employed  with 
native  manganese  ore,  as  dilute  acid,  or  that 
which  has  been  neutraHsed  to  a  certain  extent, 
acts  too  slowly,  even  at  higlier  temperatures. 
Suppose  that  this  limit  is  reached  at  6  p.c.  HCl, 
it  is  evident  that  much  more  is  utilised  of  33  p.c. 
than  of  20  p.c,  acid,  namely,  in  the  first  case 
33  -  6  =  27,  or  |i  =  82  p.c.  of  the  total  HCl ;  in 
the  second  case  20  -  G  =  14,  or  A*  =  70  p.c.  of  the 
total  HCl.  Usually  the  free  acid  left  in  the  still 
liquors  from  native  manganese  amounts  to  much 
more  than  that,  thus  making  a  much  greater 
difference  between  more  or  less  highly  concen- 
trated acid. 

When  working  with  recovered  manganese 
(Weldon  mud),  the  difference  is  not  so  striking, 
but  it  still  exists,  and  the  greater  dilution  of  the 
liquors  caused  by  the  employment  of  weak  acid 
is  also  a  serious  drawback.  Hydrochloric  acid 
below  20°Tw.  =  20  p.c.  HCl  ought  never  to  be 
employed  for  chlorine  making.  It  is  quite 
evident  that  the  yield  of  chlorine  from  a  given 
quantity  of  salt  must  be  greater  if  the  hydro- 
chloric acid  is  employed  in  a  concentrated  state 
than  vice  versd. 

In  the  Deacon  process  the  hydrochloric  acid 
is  used  as  gas,  and  as  it  comes  from  the  decom- 
posing pots.  The  roaster  acid  is  not  used  in 
this  process,  because  it  is  too  much  diluted  with 
air  and  is  too  impure  {v.  infra). 

The  impurities  of  hydrochloric   acid  are 
usually  of  no  consequence  ;  but  that  which  is 
employed  for  decomposing  Weldon  mud  ousht 
to  be  as  free  from  sulphuric  acid  as  possible, 
because  the  latter  acid  forms  calcium  sulphate  I 
with  the  calcium  chloride  present  in  the  nmd,  | 
which  greatly  increases  the  quantity  of  deposit 
in  the  neutralising  wells,  and  causes  a  loss  of 
manganese  unless  specially  treated.     In  the 
Deacon  process  the  presence  of  sulphuric  acid  | 
in  the  gaseous  hydrochloric  acid  is  even  mure  | 
objectionable.    The  hydrochloric  acid  from  the  j 
pots  contains  much  less  sulphuric  acid  than  that 
from  the  roasters,  and  in  the  Deacon  process 
only  the  former  can  be  used,  the  roaster-acid 
being  worked  up  according  to  Weldon. 

It  has  been  proposed  to  purify  the  hydro- 
chloric acid  from  sulphuric  acid  by  adding 
calcium  chloride  (Weldon  and  Strype,  E.  P.  222, 
1881)  or  barium  chloride  (Wigs,  E.  P.  ]  220, 1882) 
to  it.  In  the  latter  case  the  BaSO,  may  be  re- 
converted into  BaCl,^  by  furnacing  with  CaCl.,,  or 
else  it  may  be  used  as  a  paint  (as  '  permanent 
white  '). 

2.  Sodium  chloride  (common  salt)  along  with 
sulphuric  acid  is  sometimes  used  for  making 
chlorine  at  bleach  works,  etc.,  where  local  cir- 
cumstances cause  this  process  to  be  cheaijer 
than  the  use  of  hydrochloric  acid  [v.  infra). 

3.  Calcium  chloride  and  magnesium  chloride, 
as  they  are  produced  in  the  manufacture  of 
alkali  by  the  ammonia  ijrocess,  in  working  ujd 
the  mother  liquors  from  the  manufacture  of  sea- 
salt,  and  in  the  mother  liquors  from  the  Stassfurt 
potassium  chloride  &c.,  are  the  subject  of  many 
proposals  for  extracting  chlorine,  the  more  im- 
portant of  which  will  be  noticed  hereafter. 

4.  Manganese  ore  was  formerly  the  only  sub- 
stance practically  employed  for  liberating  CI  from 
HCl,  and  is  even  now  indispensable,  to  a  certain 
extent,  for  making  up  the  losses  of  manganese  iu 


the  Weldon  process,  and  in  all  cases  where  the 
manufacture  of  chlorine  is  carried  on  in  a  com- 
paratively small  way,  so  that  th.e  modern  pro- 
cesses for  its  production  do  not  pay.  Only  such 
manganese  ores  are  available  for  this  purpose 
as  contain  a  somewhat  considerable  quantity 
of  '  active  oxygen  '  in  the  shape  of  MnO,.  The 
lower  oxides  of  manganese  also  yield  chlorine  as 
far  as  they  contain  more  oxygen  than  MnO ;  but 
they  consume  too  much  acid  for  this  purpose,  as 
will  be  seen  by  the  following  equations : 

MnO„  -f4HCl  =  MnCl„  4-2H„0 -i- 2CI, 
Mn„0',  +  OHCl  =  2MnCl,  +  3H'0  -^  2C1, 
Mn,0,  -I-  8HC1  =  3MnCh-f  4H;0  +  2C1. 

The  following  ores  of  manganese  are  the 
most  important : 

Pyrolusite  MnO,,.  It  crystallises  in  rhom- 
bic prisms,  but  is  mostly  found  in  indistinctly 
crystalline  masses  of  a  librous  structure.  Its 
sp.gr.  is  4-7-  5'0  ;  its  colour  is  dark  steel-grey  to 
light  iron-grey,  with  semi-metallic  lustre.  It  is 
very  soft  and  soils  the  fingers,  but  there  is  also 
a  hard  variety  of  MnO^,  called  jmlianite. 

Braunite  Mn,p.,  is  mostly  found  associated 
with  pyrolusite.  It  is  generally  indistinctly 
crystalline,  of  iron-black  or  brownish-black 
colour,  and  does  not  soil  the  lingers,  being 
almost  as  hard  as  felspar.    Sp.gr.  4-8-4-9. 

Brown  manganese  ore  (Manganite)  Mn.,0.„ 
2H_,0.  Sp.gr.  4-3-4-4.  Hardness  lietween  pyro- 
lusite and  braunite.  Colour  similar  to  braunite, 
but  fracture  brown,  whilst  that  of  braunite  and 
pyrolusite  is  black. 

Hausmannite  MujO,.  Sp.gr.  7-8.  Colour 
and  fracture  similar  to  the  preceding,  but  h  is 
more  metallic  lustre. 

Psilomelane  generally  occurs  in  kidney- 
shaped  and  other  forms  of  a  shelly,  rarely  of  a 
fibrous,  structure. 

Its  composition  is  complicated  ;  its  powder 
imparts  a  red  colour  to  concentrated  sulphuric 
acid.  Colour,  iron-  or  blue-black  ;  fracture, 
brownish-black  ;  hardness,  considerable.  Sp.gr. 
4-1^4-2. 

Wad  is  chemically  similar  to  the  preceding 
ore,  but  is  very  soft  and  porous,  so  that  it  is 
very  easily  acted  upon  by  HCl.  Sp.gr.  2-3-3-7. 
Brown  to  brownish-black.  It  is  probably  the 
product  of  decomposition  of  other  manganese  ores, 
and  is  very  important  for  practical  purposes. 

Analyses  of  the  various  manganese  ores  are 
given  in  Lunge's  Sulphuric  Acid  and  Alkali, 
3,  ll.'j-llO.  More  recent  analyses  are  given  by 
Lill  and  Schneider  (S.  C.  I.  1883,  414). 

Formerly  the  manganese  ore  for  chlorine- 
making  (technically  called  '  manganese  ')  came 
principally  from  central  Germany.  The  mines 
of  Ilmenau  and  Elgersburg  even  now  yield  very 
fine  pyrolusite,  such  as  is  used  by  glass-makers  ; , 
those  near  Giessen,  in  the  Nassau  and  Siegen 
country,  were,  however,  quantitatively  much 
more  important  for  chlorine-making.  This 
'  German  manganese  '  is  very  soft  and,  even 
after  washing  at  the  mines,  rarely  contains  much 
more  than  GO  p.c.  MnOo.  This,  as  well  as  the 
French  manganese  (from  Eomam^che,  in  the 
Saone-et-Loire  Department),  has  lost  most  of 
its  importance  since  the  development  of  tlie 
mines  in  the  Huelva  District,  which  yield  man- 
ganese ore  from  70  to  upwards  of  85  p.c.  MnO.. 
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A  considerable  quantity  of  rich  ore  now  comes 
from  Chili.  These  mines  now  supply  nearly  all 
the  requirements  of  the  chemical  trade.  Other 
beds  have  been  discovered  iii  the  north  of  Spain, 
in  the  north  of  Italy,  in  New  Zealand,  Cuba, 
West  Virginia,  etc.,  but  since  the  consumption  of 
manganese  has  been  very  much  restricted  by  the 
recent  progress  of  chlorine-making,  most  of  the 
beds  do  not  pay  for  working.  For  the  analytical 
methods  for  testing  manganese  ore  v.  Manganese. 
They  show  in  the  first  instance  its  percentage 
of  active  oxygen,  that  is,  the  oxygen  present 
over  and  above  that  necessary  to  form  MnO, 
wliich  is  the  only  oxygen  capable  of  evolving 
chlorine  from  HCl.  This  percentage  is,  how- 
ever, expressed  in  terms  of  manganese  dioxide 
MnOo.  As  shown  above,  the  lower  oxides  of 
manganese  require  much  more  hydrochloric 
acid  to  furnish  the  same  quantity  of  chlorine  ; 
more  acid  may  be  taken  up  by  iron  oxides, 
alkaline  eartlis.  alkalis,  (tc,  occurring  in  the 
ore.  Even  the  insoluble  matters,  as  barium 
sulphate,  silica,  or  silicates,  are  frequently  in- 
jurious because  they  mechanically  obstruct  the 
action  of  HCl  and  may  cause  a  considerable 
quantity  of  MnO^.  to  be  protected  against  the 
acid  by  a  coating  of  silica  &c.  Hence  the  value 
of  manganese  ore  is  not  directly  proportionate 
to  its  percentage  of  MnO.,,  but  the  MnO.^  is 
valued  more  highly  the  higher  the  percentage. 
The  custom  of  the  trade  is  to  assume  a  normal 
strength  of  70  p.c.  MnO^,  and  to  add  or  deduct 
so  much  pro  p.c.  up  or  down,  with  a  maximum 
of  G5  p.c.  MnO,. 

Special  attention  must  be  paid  in  testing  to 
the  presence  of  carbonates  (CaCO.,,  BaCO,,,  etc.). 
These  not  merely  waste  hydrochloric  acid,  but 
the  carbonic  acid  is  most  objectionable  in  the 
manufacture  of  bleaching  powder.  Ores  con- 
taining upwards  of  1  p.c.  CO,  are  not  considered 
luerchantablo;  they  can,  however,  be  sulliciently 
deprived  of  carbonates  by  crushing  and  treating 
with  dilute  acids. 

The  physical  state  of  the  manganese  ore  is 
also  of  importance.  The  soft  varieties  are  pre- 
ferred to  the  hard  ones  because  they  are  more 
easily  dissolved  and  require  less  acid  and  steam 
than  the  latter. 

The  maiinfaclure  of  ddorine  from  common 
salt,sidphuric  acid,  and  manganese  ore.  -This  is 
still  sometimes  carried  out  in  countries  where 
there  is  no  manufacture  of  hydrochloric  acid ; 
this  acid,  both  on  account  of  its  much  lower 
concentration  and  of  the  greater  difliculty  of 
carriage,  may  then  cost  much  more  for  its  real 
chemical  equivalent  than  a  corresponding  quan- 
tity of  sulphuric  acid.  Whore,  therefore,  in 
such  cases,  chlorine  must  be  produced  for 
bleaching,  for  the  manufacture  of  fine  chemicals, 
&c.,  the  direct  reaction 

MnO.,+  2NaCl-f-3SO,H.. 
=  MnSO,  +  2NaH  SO ,  +  2H,6  +  Clj 
is  employed.  It  would  not  be  practicable  to 
employ  only  sufficient  acid  to  form  Na.SO,, 
and  there  must  be  even  an  excess  of  sulphuric 
acid  above  that  shown  in  the  reaction  (corre- 
sponding to  87  MnO,,  117  NaCl  and  297  S0,H:,,), 
if  the  other  materials  are  to  be  fully  utilised. 

Usually  equal  parts  of  manganese  Ore  and 
common  salt  are  ground  up  together,  and  are 
charged  into  a  leaden  or  stoneware  still,  some- 


times provided  with  a  mechanical  agitator.  The 
requisite  quantity  of  sulphuric  acid,  previously 
diluted  with  its  own  volume  of  water,  is  gradually 
added  by  means  of  a  funnel-tube,  and  heat  is 
applied,  preferably  from  without,  by  means  of 
a  steam-jacket,  till  nearly  all  the  chlorine  has 
been  evolved.  The  residue  remaining  in  the 
still  is  practically  worthless. 

There  are  also  systems  of  stills  where  the 
decomposition  of  NaCl  by  SO,H,  is  carried  on 
separately  from  that  of  MnO,  by  the  HCl  formed 
in  the  first  part  of  the  process,  but  these  pre- 
sent no  great  advantages  over  the  direct  mixture 
of  the  materials,  unless  the  first  operation  is 
carried  on  as  an  independent  manufacturing 
operation  on  the  large  scale,  as  in  the  manu- 
facture of  sulphate  of  soda  or  '  saltcake.' 

27tc  manufacture  of  chlorine  from  manga- 
nese ami  liquid  hydrochJcn  ic  acid  is  carried  out 
either  in  vessels  made  of  stoneware,  or  in  stills 
made  of  acid-proof  natural  stone.  Sloneware 
stills  can  be  made  only  of  moderate  size,  and 
hence  are  mostly  used  for  producing  chlorine  on 
a  medium  scale,  not  for  manufacturing  bleaching 
powder ;  but  even  for  the  latter  imrpose  they 
were  preferred  by  some  of  the  largest  French 
works,  so  long  as  they  employed  only  native 
manganese,  owing  to  their  cleanliness  and  the 
more  thorough  utilisation  of  the  acid.  In  most 
cases  where  chlorine  is  employed  for  bleaching 
or  for  manufacturing  fine  chemicals,  and  where 
this  is  done  with  native  manganese  (as  must  be 
the  case  outside  of  alkali  works)  such  stills  are 
to  be  recommended.    Fi".  1  shows  one  of  the 


best-known  forms  of  sloneware  stills,  intended 
for  heating  from  the  outside  in  a  water  or  steam- 
bath,  made  of  wood  or  masonry.  The  man- 
ganese is  placed  into  the  perforated  cylinder, 
which  holds  about  1  cwt.,  and  is  put  in  and  out 
by  means  of  specially  shaped  tongs,  through  the 
large  opening.  The  small  necks  serve  for  in- 
troducing the  acid  and  taking  away  the  gas. 
At  the  end  of  the  operation  the  still-liquor  is 
drawn  off  by  a  syphon,  or  by  a  discharge-pipe 
passing  through  the  steam-jacket.  Since  the 
acid  is  not  diluted  by  steam-water,  it  is  much 
better  exhausted  than  in  the  large  stone-stills 
described  below.  Such  small  stills  permit  of 
careful  and  economical  working,  so  far  as  ma- 
terials are  concerned,  and  they  necessitate  hardly 
more  labour  than  large  ones. 

These  stoneware  stills  are  sometimes  heated 
by  blowing  steam  into  them,  but  this  plan  cannot 
be  reconnnended,  as  the  abovo-nu^ntioncd  ad- 
vantage is  thus  sacrificed,  and,  moreover,  such 
stills  easily  crack. 

Another  description  of  small  chlorine  stills, 
shown  iu  fig.  2,  has  been  found  very  eflicieut, 
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anil  is  not  so  liable  to  give  Ivoublo  by  cracking 
as  those  generally  used.  There  is  a  stoneware 
cylinder  open  at  the  top,  with  a  sieve  for  hold- 
ing the  manganese  and  an  outlet  pipe  closed  by 
an  indiarubber  tube  and  clamp.  This  cylinder 
is  covered  by  a  lead  (or  stoneware)  bell,  which 
reaches  nearly  down  to  its  bottom.    This  bell 


Fig.  2. 


can  be  raised  or  lowered  by  means  of  pulleys 
and  balance  weights  ;  it  is  provided  at  the  tojD 
with  an  acid  funnel  and  two  gas-outlets,  one  of 
which  serves  for  the  ordinary  work,  whilst  the 
other  one  serves  to  carry  off  the  gas  in  case  of 
an  interruption  of  the  former.  These  gas-pipes 
are  coupled  with  their  continuations  in  such  a 
way  that  they  can  be  easily  disconnected  wlien 
tlie  bell  is  raised  for  re-charging  the  stills.  The 
whole  is  immersed  in  a  wooden  tub,  p)artly  filled 
with  water  which  serves  as  an  hydraulic  lute  ; 
but  it  is  best  to  provide  the  rim  of  the  inner 
cylinder  with  an  india-rubber  ring,  upon  which 
the  top  of  the  lead  bell  rests,  so  that  there  is 
hardly  any  communication  between  the  gas- 
space  and  the  water  in  the  tub.  The  latter  is 
heated  to  the  proper  point  by  a  steam-pipe  dip- 
ping into  it,  so  that  it  serves  as  a  water-liath, 
and,  being  very  hot,  it  can  absorb  next  to  no 
chlorine  from  the  still. 

Fig.  3  shows  a  contrivance  which  allows  of 
instantly  connecting  or  disconnecting  the  chlor- 
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ine  pipes  and  the  main  pipe,  and  which  at  the 
same  time  shows  how  stop-cocks  can  be  dis- 
pensed with  for  such  pui'poses.  There  is  a  Y" 
shaped  lead-pipe  a,  whose  upper  arms  are  con- 
verted into  hydraulic  lutes  by  soldering  an  outer 
pipe  hh  on  to  them.  The  ends  of  the  gas  pipes, 
both  that  leading  from  the  stills  c,  and  that 
leading  to  the  gas-main  d,  are  widened  out  into 
cups  dipping  into  the  water  which  fills  the 
annular  space  at  h.  When  the  bell  (fig.  2)  is 
raised,  the  gas-pipe  c  will  rise  out  of  the 
hydraulic  lute,  and  on  lowering  the  boll  it  will 


dip  into  the  lute  again.  In  order  to  interrupt 
at  will  the  connection  with  the  gas-main  with- 
out raising  the  bell,  the  indiarubber  pipe  c  is 
raised  so  that  the  water  contained  in  it  gets  up) 
to  the  junction  of  the  two  branches  of  o,  and 
seals  them  hydraulically. 

Stone  stills  must  be  made  of  silicious  sand- 
stone or  otlier  stone  not  acted  upon  by  acids 
and  not  liable  to  crack  by  rapid  changes  of 
temperature.  Such  stone  is  found  at  South- 
owram,  and  is  known  as  '  Yorkshire  flag.'  A 
varietj'  of  stone  superior  to  it  in  resisting 
changes  of  temperature  is  found  at  Heworth 
near  Newcastle-on-Tyne,  but  this  requires  boiling 
in  tar  for  several  days  to  make  it  impermeable 
to  acids.  In  Germany  there  are  also  several 
stones  adapted  to  this  iiurpose,  but  none  equals 
in  excellence  the  volvic  lava  from  the  department 
of  Puy -de-Dome  (France).  This  lava  can  be  had 
in  thick  blocks  or  thin  slabs,  and  requires  no 
boiling  in  tar  to  make  it  acid  and  heat-proof. 

It  should  be  noticed  tliat  prolonged  submer- 
sion in  boiling  tar  is  certainly  an  excellent  way 
of  toughening  both  stones  and  earthenware 
(fire-clay),  provided  they  possess  a  certain 
degree  of  porosity.  It  makes  them  resist  both 
acids  and  changes  of  temperature,  and  at  the 
same  time  hardens  them  very  mucli,  so  that 
tliey  must  be  worked  into  shape  previous  to  that 
treatment. 

Sometimes  chlorine  stills  and  acid  tanks  are 
hewn  out  of  a  block  of  stone  (especially  volvio 


Fig.  -i. 


lava),  but  this  is  a  costly  operation,  and  in  case 
a  single  crack  occurs  the  whole  vessel  is  lost. 
It  is,  therefore,  more  usual  (in  England  probably 
universal)  to  build  uj)  clilorine  stills  (like  acid 
tanks,  condensers,  etc.)  from  stone  slabs  joined 
in  a  suitable  manner  and  held  together  by  iron 
binders.  Such  a  still  is  shown  in  fig.  4,  which 
represents  it  cut  through  in  the  middle.  The 
bottom  is  formed  by  a  stone  10  to  12  inches 
thick,  with  grooves  for  the  sides  to  fit  in.  The 
sides  are  stone  slabs,  5  to  6,  or  even  8  inches 
thick,  and  joined  at  the  corners  either  '  on  the 
bevel,'  or  on  the  'feather  and  groove  '  principle. 
In  the  former  case  the  stones  are  all  dressed  in 
the  same  way,  and  are  held  together  by  cast-iron 
corner  pieces,  drawn  together  by  long  screw  bolts ; 
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in  the  latter  case  the  end  stones  must  project 
both  ways  over  the  sides,  the  latter  fitting  into 
grooves  of  the  end  stones  (as  is  shown  in  the 
figure).  The  lid  consists  of  one  or  more  stones 
laid  in  a  rebate.  The  joints  are  made  tight  by 
drei?sing  a  small  groove  into  the  two  adjoinuig 
faces,  and  either  phicing  a  J-iich  indiarubber 
cord  in  the  channel  thus  fomied,  or  else  filling 
it  with  an  acid-resisting  cement.  Such  cement 
may  be  '  black  stuff,'  that  is,  coal-tar  and  fire- 
clay, kneaded  or  ground  together  to  the  consis- 
tency of  thick  putty,  and  moulded  into  balls  which 
are  pushed  into  the  joints  and  stemmed  with  an 
iron  rod.  This  cement  gets  as  hard  as  the  stone 
itself,  and  stands  the  hot  acid  very  well.  The 
stones  are  in  any  case  bedded  in  such  black  stuff, 
and  some  more  of  it  is  stemmed  into  all  joints. 
Sometimes  the  joints  are  made  tight  by  running 
into  them  a  mixture  of  melted  brimstone  and 
sand  or  ground  clay.  Temporary  joints,  not  in- 
tended to  harden,  can  be  made  with  a  putty  of 
linseed  oil  and  pijje-clay. 

The  diagram  shows  how  the  still  is  fitted  with 
the  following  parts.  A  false  bottom  a ;  a  pipe  b, 
for  the  introduction  of  hydrochloric  acid,  sealed 
at  the  bottom  by  the  acid  itself;  a  leaden  steam- 
pipe  c,  connected  at  the  bottom  with  a  stone  or 
stoneware  steam  column  d,  and  at  the  top  by 
the  loop  e  with  a  tap  /  (the  loop  protecting  the 
tap  to  some  extent  against  the  action  of  the 
chlorine) ;  the  earthenware  or  leaden  gaspipe  g, 
whose  connection  with  tlie  gas  main  h  can  be 
opened  or  shut  off  at  will  by  putting  more  or 
less  water  into  the  pot  i.  The  man-hole  for 
charging  the  still  and  the  discharging-hole  must 
be  assumed  to  be  provided  in  that  half  of  the  still 
not  shown  in  the  diagram. 

These  stills  are  made  from  7x5x3  feet,  in- 
side measui'ement,  and  upwards. 

Fig.  5  shows  a  still  of  the  bevel-joint  type, 
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soon  from  above,  with  the  cover  removed,  a,  a  are 
the  flags  forming  the  false  bottom,  one  of  which, 
a',  is  made  to  stand  up,  c  is  the  steam-stone,  a  b 
c  D  are  the  rods  binding  the  stones  together  by 
uieans  of  the  cast-iron  corner  pieces  b,  b. 

In  order  to  work  the  stills,  those  of  smaller 
Bi/.es,  where  the  manganese  is  contained  in  a 
sieve,  are  usually  first  charged  with  the  requisite 
quantity  of  acid.  The  sieve  containing  the  man- 
ganese (about  1  cwt.)  is  then  put  in,  the  cover  is 
at  once  put  on  and  made  tight  by  wiitor-luting  or 
cementing,  and  the  evolution  of  clilorinc  bcins 


I  forthwith.  When  it  slackens,  heat  is  gradu.,lly 
supplied  by  turning  on  the  steam  till  the  acid  is 
exiiausted.  The  stills  are  then  allowed  to  cool 
down,  usually  till  the  next  morning.  They  are 
then  opened,  the  sieve  is  hfted  out,  the  manga- 
nese remaining  in  it  is  washed  and  replenished 
by  more  ore,  the  liquor  is  siphoned  or  run  out 

1  of  the  still,  fresh  acid  is  run  in  and  a  new  start 
can  be  made  at  once. 

The  large  stone  stills  are  cleaned  out  after 
every  operation,  and  are  then  charged  with  from 
G  to  10  cwt.  of  manganese,  broken  up  into  pieces, 

!  which  must  be  smaller  in  the  case  of  hard  ores, 
but  should  not  be  too  small,  lest  too  much  is 

I  washed  down  below  the  false  bottom.  The  still 
is  then  closed  and  acid  is  run  in,  at  first  ipiickly, 
afterwards  gradually,  so  that  it  takes  several  hours 
to  run  in  the  full  charge.  All  this  time  chlorine 
is  given  off,  much  heat  being  generated  in  the 
process,  of  course  much  more  with  concentrated 
than  with  somewhat  dilute  acid.  When  the 
evolution  of  gas  becomes  slow,  steam  is  injected 
into  the  still,  but  very  cautiously,  as  otherwise 
the  water  might  be  thrown  out  of  the  lutes,  and 
only  at  intervals,  for  instance  for  ten  minutes 
every  hour.  Too  much  steaming  causes  too 
rapid  an  evolution  of  chlorine,  and  the  volatili- 
sation of  much  acid  and  water.  The  temperature 
of  the  stills  ought  never  to  get  above  tJO'C.  It 
is  preferable  not  to  steam  all  the  stills  of  a  set 
at  the  same  time,  but  in  regular  rotation,  to  pro- 
duce a  more  continuous  current  of  chlorine. 
Steam  of  moderately  high  pressure  (40  to  50  lbs. 
to  the  square  inch)  is  preferable  to  weaker  steam, 
because  it  causes  less  condensation  of  water. 

Chlorine  stills  ought  to  be  kept  going  at  least 
twenty-four  hours,  but  large  stills  are  better  kept 
going  for  forty-eight  hours,  which  will  utilise 
more  of  the  acid.  Even  then  the  liquid,  when 
let  out,  emits  an  intolerable  stench  of  chlorine 
so  that  this  operation  is  one  of  the  most  irk- 
some, both  for  the  workmen  and  those  people 
who  live  near  the  works.  Moreover,  the  '  still' 
li(pior,'  even  after  being  freed  from  its  muddy 
constituents  by  settling,  is  one  of  the  worst 
nuisances  for  any  watercourse  into  which  it  may 
be  run.  In  alkali  works  all  this  nuisance  has 
been  completely  overcome  by  the  introduction  of 
tlie  Weldon  process,  where  the  still  liipior  from 
the  fresh  manganese  ore  is  run  into  the  Weldon 
stills,  instead  of  into  the  drains.  At  other  works 
where  chlorine  is  made  on  too  small  a  scale  to 
permit  of  applying  the  Weldon  or  other  modern 
processes,  the  still  liquor  ought  to  be  collected 
in  a  closed  tank,  and  neutralised  by  chalk  before 
running  it  away,  even  in  a  very  diluted  form. 

The  chlorine  evolved  in  the  stills  is  always 
contaminated  with  hydrochloric  acid  and  water. 
For  most  purposes  these  nmst  be  removed  as 
far  as  possible,  which  is  done  by  conveying  the 

[  gas  in  a  long  string  of  earthenware  or  lead 
pipes,  externally  cooled  by  air  (or,  if  needful, 
by  water),  so  that  the  water  along  with  the  acid 
condenses  into  a  liquid.    This  will  be  greatly 

I  promoted  by  passing  the  gas  through  a  small 
column  charged  with  lumps  of  manganese,  where 
some  more  chlorine  will  be  given  off.  Where 

j  there  is  very  much  acid  in  the  chlorine,  as  is  the 
case  in  the  Deacon  process  and  in  all  recent  pro- 
cesses for  utilising  magnesium  chloride  Ac,  the 

^  acid  is  first  removed  by  washing  the  gas  with 
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'water  in  an  ordinary  aoid  condenser,  and  the 
moist  gas  can  tlien  be  dried,  if  needl'ul,  by  pass- 
ing it  tlirougli  a  leaden  coke-tower  charged  witli 
sulpliuric  acid  of  150°T\vaddell. 

The  first  reaction  talking  place  in  the  chlorine 
stills  is  :  MnO..  +  4HC1  =  MnCl,  +  2H.,0  or  (more 
probably)  2MnO,  +  8HC1  =  Mn.Cl,,  +  4H,,0  +  2C1. 
(There  is  some  discrepancy  of  opinion  as  to 
which  of  these  two  chlorides  of  manganese  is 
formed.  Compare  W.  W.  Fisher,  C.  N.  y,7,  250  ; 
U.  S.  Pickering,  ibid.  39,  225;  Borthelot,  C.  K. 
91,  251). 

These  chlorides,  MnCl,  or  Mn.Cl,,  form  a 
dark-brown  solution  which  quickly  decomposes 
even  at  the  ordinary  temperature  into  MnCl.j  and 
free  chlorine,  so  that  the  ultimate  result  is : 
MnO,,-f  ■lHCl  =  MnCl,  +  2H,0  +  2Cl;  but  this  re- 
action is  only  completed  at  about  100°C.,  and 
with  a  certain  excess  of  hydrochloric  acid.  Theo- 
retically tor  100  MnO..,  or  an  equivalent  quantity 
of  manganese  ore,  almost  exactly  170  dry  HCl 
=  530  acid  of  32^Tw.  ought  to  be  consumed ; 
practically,  at  least  10  p.c.  more  is  used,  and 
with  low  strength  acid,  hard  manganese,  direct 
steaming,  &c.,  twice  the  theoretical  quantity  of 
acid  may  be  consumed. 

Still-liquor  and  the  processes  carried  otit  for 
iililising  it. — The  waste  liquor  run  from  the 
stills  contains  chiefly  manganous  chloride,  ferric 
chloride,  the  chlorides  of  other  metals  present  in 
the  ore,  free  hydrochloric  acid,  and  a  little 
chlorine.  P.  W.  Hofmann  gives  the  following 
analysis  of  a  still  liquor,  probably  from  outwardly 
heated  stills : 

MnCl,  22-00 

Fe,Cls  6-50 

BaCl,  105 

HCl  C-80 

Free  CI  0-09 

llfl  (54-55 

Black's  analysis  of  still-liquor  from  ordinary 
stone-stills,  in  a  well-conducted  works,  shows 
how  incompletely  the  acid  is  utilised  there : 
HCl    =  6-6220  =  6-022  p.c.  HCl 
A1,.C1.=  0-6200  =  0-500    „  „ 
MnCi,=  10-5700  =  6-120    „  „ 
Fe.Cl,=  0-4551  =  0-310    „  „ 

H.b  =81-7329  

13-562 

Even  if  ill  *^^he  Mn  had  been  originally  present 
as  MnO.„  only  an  equal  quantity  of  HCl  to  that 
found  as  MnCU  (6-12)  had  escaped  as  chlorine, 
so  that  there  was  originally 

13-552  +  6-12  =  19-672  HCl 
present.   Accordingly  the  HCl  usefully  employed 
was  only  62-2,  that  combined  with  FeandAl  4-1, 
that  found  uncombined  33-6  p.c.  of  the  whole. 

The  free  acid  is  tested  for  in  daily  practice  by 
a  very  simple  plan.  To  a  measured  volume  of 
still-liquor,  standardised  caustic  soda  liquor  is 
run  in  from  a  burette  till  the  formation  of  flakes 
of  Fe.(0H)6,  which  do  not  dissolve  on  shaking, 
indicate  the  saturation  of  the  free  acid. 

Owing  to  the  great  nuisance  caused  by  run- 
ning the  still-licjuor  into  ordinary  drains  or  into 
the  local  watercourses,  where  it  destroys  all  fish, 
damages  the  masonry,  &c.,  very  many  proposals 
have  been  made  for  utilising  it,  partly  only  with 
a  view  to  employing  the  free  acid,  partly  for 
making  the  manganese  available  for  other  pur- 
VoL.  I.--  T 


'  poses,  and  partly  for  regenerating  MnO^  from 
them  (compare  Lunge's  Sulphuric  Acid  and 
Alkali,  3, 189-197). 
j  Since  all  these  proposals  have  become  obso- 
lete by  the  development  of  the  Weldon  process, 
we  shall  here  only  mention  the  Dunlop  process, 
j  which  was  patented  in  1855,  and  has  been  prao- 
(  tised  at  St.  Eollox  for  thirty  years  or  more  with 
j  great  success.  It  consists  in  removing  the 
'  free  HCl  and  Fe.^Clfi  by  agitating  the  liquor  with 
ground  chalk  (exactly  as  in  the  Weldon  process), 
pumping  the  neutral  solution  of  SlnCL,  and 
CaCl._>  into  large  horizontal  cylinders  fitted'  with 
agitating  gear,  mixing  it  with  the  quantity  of 
ground  chalk  required  for  converting  the  MnCl;, 
into  MnCO.j,  and  producing  this  conversion  by 
agitating  under  a  steam  pressure  of  2-2  \  atmo- 
spheres. The  preciiiitate  of  MnC'O.,  is  settled 
out,  washed,  pressed,  partially  dried,  and  then 
oxidised  by  being  exposed  to  a  current  of  air  in 
an  oven  heated  to  about  300°C.,  which  is  always 
kept  moist.  In  24  hours  the  process  is  complete. 
The  paste  is  now  found  to  consist  of  72  p.c. 
MnO.,,  20  p.c.  MnO,  and  2  p.c.  CaCO,.  This 
process  is  only  remimerative  where  fuel  is  cheap, 
and  as  it  requires  very  costly  plant  it  has  never 
spread  beyond  the  place  of  its  origin,  wliere  it 
has  also  at  last  had  to  give  way  to  the  Weldon 
process,  and  is  now  only  employed  for  the  pro- 
duction of  an  artificial  oxide  of  manganese  for 
glassmaking. 

The  Weldon  process  for  vialcing  chlorine.— 
The  process  bearing  the  above  name  has,  like 
most  other  important  inventions,  been  perfected 
by  many  successive  improvements.  Many  of  its 
features  had  been  foreshadowed  by  former  in- 
ventors ;  but  without  the  indomitable  energy  of 
the  late  Walter  Weldon,  and  the  efficient  prac- 
tical help  rendered  to  him  at  Messrs.  Gamble  & 
Co.'s  works  at  St.  Helen's,  it  would  have  re- 
mained futile  like  all  its  predecessors.  Weldon's 
first  attempts  wei-e  made  in  1866 ;  in  1869 
chlorine  was  first  actually  manufactured  by 
Weldon  mud.  By  carefully  studying  all  the 
conditions  of  the  reaction  on  the  large  scale,  at 
last  all  obstacles  were  overcome  and  the  fullest 
practical  success  was  secured.  This  achievement 
alone  entitles  Mr.  Weldon  to  be  called  one  of 
the  greatest  benefactors  to  chemical  industry. 

The  leading  idea  of  the  Weldon  process  is 
the  following.  We  start  with  a  solution  of 
manganous  chloride  -  i.e.  ordinary  still-liquor. 
This  is  deprived  of  free  acid  and  ferric  chloride 
by  agitation  with  calcium  carbonate  under 
ordinary  atmospheric  pressure.  To  the  neutral 
settled  solution  of  MnCL  and  CaCL  is  added 
milk  of  lime  more  than  sufficient  for  jirecipi- 
tating  all  manganese  as  Mn(OH)^„  so  as  to  leave 
about  half  as  much  lime  in  excess,  both  lime 
and  manp;anous  hydrate  being  jsartly  suspended 
and  partly  dissolved  in  a  solution  of  CaCU.  This 
pasty  mixture  is  treated  with  a  strong  current  of 
air,  at  a  slightly  raised  temperature,  when  the 
oxygen  acts  upon  it,  forming  principally  a  com- 
pound of  MnOo  and  CaO.  By  adding  a  further 
quantity  of  MnCl.^  and  blowing  in  more  air  the 
quantity  of  CaO  is  reduced,  the  ultimate  limit 
in  ordinary  cases  being  a  compound  of  ICaO 
with  2Mn02 ;  sometimes,  however,  mud  contain- 
ing less  than  0-5  base  has  been  obtained.  The 
oxidation  is  now  stoxjped ;   the  thin  paste  or 
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niul  is  run  into  tanks,  where  it  separates  into  a 
thicker  mud  and  a  supernatant  clear  sohition  of 
CaCL.  The  latter  is  run  to  waste,  the  former, 
now  called  '  recovered  manganese  '  or  '  Weldon 
mud,'  is  still  liquid  enough  to  he  run  into  a 
special  kind  of  still,  where  it  is  decomposed  by 
hydrochloric  acid,  yielding  chlorine  gas  and  a 
mixed  solution  of  CaCl„,  MuCl.^,  and  a  little 
uncombined  HCl  (much  less  than  in  the  old 
process  of  working  with  native  ore).  This 
solution  serves  again  as  the  starting-point  for 
the  recovery  of  MnOo  in  the  way  just  described. 

It  will  be  seen  that  in  this  process  it  is  the 
atmospheric  oxygen  supplied  by  the  blowing 
engine  which  effects  the  liberation  of  CI  from 
HCl.  The  manganese  compounds  serve  merely 
as  carriers  of  oxygen,  exactly  as  the  nitrogen 
oxides  in  the  manufacture  of  sulphuric  acid,  and 
are  used  over  and  over  again,  but  a  small  loss 
of  these  oxygen  carriers  cannot  be  entirely 
avoided  in  practice. 

Long  before  Weldon's  patents  existed  it  had 
been,  of  course,  known  that  i)recipitatcd  man- 
ganese protoxide  could  be  more  highly  oxidised 
by  means  of  atmospheric  air.  But  Weldon  was 
the  first  to  find  out  that  oxidation  of  MnO  to 
MnO.> — a  compound  of  distinctly  acid  properties 
—  can  only  take  place  in  the  presence  of  a  base 
which  combines  with  it  at  the  moment  of  its 
formation.  If  the  only  base  present  be  Mn(OH)o, 
then  the  MnO.^  will  combine  with  it  to  form 
either  MnO,MnO;,  or  else  aMnO.MnO..,  accord- 
ing to  the  temperature.  Thus,  when  MnO 
is  the  only  protoxide  present,  one  half  of  it 
at  most  can  be  oxidised  into  MnOo,  the  other 
half  being  required  to  furnish  the  necessary 
base  for  combining  with  MuO.^.  If,  however, 
another  soluble  protoxide  be  present,  the  MnO._, 
combines  with  this  instead  of  with  MnO.  The 
only  other  protoxide  practically  available  is 
lime,  which  is  suUicicntly  soluble  in  a  solution 
of  calcium  chloride.  If  instead  of  MnO.MnO^, 
■we  produce  CaO,MnOo,  there  is,  of  course,  no 
advantage  gained  with  respect  to  the  consump- 
tion of  acid,  since  in  either  case  6HC1  are  re- 
quired to  liberate  2C1.  But  the  advantage  lies 
in  this,  that  the  absorption  of  oxygen  by 
Mn(OH).,  in  the  presence  of  dissolved  lime  is 
enormously  more  rapid  than  in  the  absence  of 
a  soluble  base.  The  product  of  oxidation  of 
Mn(OH).j  by  itself  would  be  much  more  costly 
than  native  manganese. 

It  is  not  possible  to  employ  a  full  equivalent 
of  lime  to  each  of  Mn(OH)._,,  so  as  to  form 
CaMnO.,,  because  there  cannot  be  present  sulii- 
cient  CaCL  to  hold  it  in  solution.  Hence  only 
enough  Ca(OH).j  is  used  to  convert  0-G  of  the 
Mn  into  calcium  manganite,  the  other  0-4  of 
the  manganese  present  is  converted  into  man- 
ganite of  manganese,  MnMnO^. 

Wlien  thus  CO  equivalents  CaMnO.,  and 
40  MnMnOa  I'iive  been  fornuxl,  a  further  quantitv 
of  neutral  solution  of  CaCl..  and  MuCl.  ('  riniil 
liqvior ')  is  mixed  with  it,  and  the  injection  of 
air  is  continued.  At  the  temperature  employed 
MnCL.  can  act  upon  half  of  the  lime  of  CaMnO,, 
forming  a  compound  of  one  CaO  with  two 
MnO,,  and  Mn(On).„  wliich  is  at  the  same  time 
oxidised  to  Mil/),  or  Mn  .O,.  The  tinal  product 
IS  a  thin  black  mud,  consisting  of  a  solution  of 
CaCl,,  holding  in  suspension  a  mixture  of  man- 


ganites  of  manganese  with  an  acid  manganite  of 
calcium. 

The  following  is  the  description  of  a  Weldon 
plant,  according  to  recent  designs.  On  the  dia- 
gram fig.  6,  DD  are  the  mud-stills,  of  which 
there  should  be  three  or  four,  and  which  will  bo 
described  in  detail  hereafter.  There  is,  besides, 
an  ordinary  stiU  e,  which  serves  for  dissolving 
native  manganese  ore,  to  make  up  for  the  loss 
in  recover}',  and  which  is  so  fixed  that  its  waste 
liquor  can  be  discharged  directly  into  one  of  the 
mud-stills.  GG  are  the  neutralising  wells  into 
which  the  manganese  liquor  from  dd  is  dis- 
charged, and  where  it  is  mixed  with  ground  chalk 
or  limestone  dust  by  means  of  the  agitator  f,  in 
order  to  remove  tlie  free  HCl  and  tlie  iron,  n  is 
a  cast-iron  pump  with  gun-metal  piston,  valves, 
Ac,  which  forces  the  neutralised  liquor  into  the 
chloride  of  manganese  settlers  aa.  The  suction 
pipe  which  dips  in  the  acid  liquor  is  very  quickly 
corroded  unless  it  is  made  to  turn  on  a  swivel 
so  as  to  lift  it  out  before  running  acid  liquor 
into  the  well.  The  settlers  aa  (of  which  there 
must  be  at  least  two,  or  better,  more)  are  made 
of  wrought  or  cast  iron,  which  is  not  acted 
upon  by  the  neutralised  liquor.  In  one  of  these 
tanks  the  muddy  liquor  is  allowed  to  settle 
while  the  other  one  is  being  tilled.  They  are 
provided  with  cocks  or  valves,  continued  inside 
into  swivel  pipes  or  indiarubber  tubing,  by  which 
the  liquor  can  be  run  off  from  any  part  of  the 
tank  without  disturbing  the  sediment.  The  dis- 
charge pipes  unite  outside  in  an  iron  pipe,  which 
divides  again  into  two  branches,  one  for  each  of 
the  two  oxidisers  b  (only  one  of  which  is 
shown  here),  into  which  they  enteral  about  two- 
thirds  or  three-fourths  of  their  height.  Each 
settler  also  has  a  large  conical  bottom  valve 
for  removing  the  mud  from  lime  to  time,  by 
means  of  the  pipes  g,  g. 

If  the  settlers  k.k  arc  each  18  x  12  x  C  feet, 
they  hold,  when  full,  about  60  tons,  and  then 
weigh  altogether  upwards  of  100  tons.  They 
must,  therefore,  be  very  firmly  mounted  on  a 
strong  timber  framework  of  1'2  or  14-inch  beams, 
resting  on  the  same  foundation  as  the  man- 
ganese mud  settlers. 

The  oxidisers  b  in  which  the  recovery 
proper  takes  place  are  wrought-iron  cylinders 
open  at  the  top,  with  a  Hat  bottom,  fixed  at 
such  a  height  that  there  is  sufficient  fall  for  the 
manganese  mud  into  the  settlers  cc,  and  from 
these  again  into  the  stills  d.  They  arc  charged 
with  settled  MuCL,  liquor  from  aa  to  about  two- 
thirds  of  their  height,  and  with  milk  of  lime 
either  directly  from  the  tank  j  by  the  pump  k, 
or,  preferably,  from  a  tank  fixed  above  the 
oxidisers  and  fitted  with  separate  regulating 
valves  for  each  oxidiser.  This  tank  (not  shown 
here)  should  be  provided  with  a  branch  of  the 
air-pipe  or  with  a  separate  injector  for  stirring 
up  its  contents.  The  7-inch  pipe  d  conveys 
compressed  air  (furnished  by  the  blowing  en- 
gines li  and  the  air-vessel  m)  into  the  oxidisers ; 
it  is  carried  over  the  top  of  b  down  to  the 
bottom,  and  there  branches  out  into  a  cross  of 
pipes  11,  perforated  with  a  number  of  holders  for 
dividing  the  current  of  air.  Each  oxidiser  also 
has  a  2-inch  steam  pipe  (not  shown  here)  which 
equally  passes  over  the  top  down  to  the  bottom 
and  there  branches  out  into  a  perforated  cross. 
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None  of  the  pipes  are  directly  connected  with 
the  shell  of  b,  as  the  shaking  during  the  blowing 
would  loosen  the  joints ;  the  only  fixed  connec- 
tion which  cannot  be  dispensed  witli,  that  willi 
the  MnCl.,  liquor  pipe  from  a.\,  should  be  made 
yielding  by  interposing  an  india-rubber  pipe  of 
eipial  width  (4  inches).  Lastly,  there  are  dis- 
charge valves  a,  connected  with  a  common  pipe 
6,  which  sends  out  a  branch  with  4-inch 
valves  cc  over  eacli  mud-settler  cc.  These  mud- 
settlers,  of  whicli  there  must  be  at  least  four, 
better  six,  are  fitted  with  2-inch  swivel-pipes 
for  running  off  the  CaCl._,  liquor,  communicating 
with  a  pipe  or  shoot  c,  leading  to  a  catch-well, 
and  at  the  bottom  with  a  4-inch  pipe  /  with 
sluice-valves  (/g;  from  which  each  of  tiic  stills  dd 
is  fed  by  a  pipe  and  sluice-valve  h. 

The  engine  is  here  shown  as  a  horizontal 
twin-engine.  Others  prefer  vertical  blowing 
engines,  and  generally  the  larger  they  are  made 
the  better.  For  each  ton  of  bleaching-powder 
to  be  made,  about  800,000  cubic  feet  of  air,  or 
one  hour's  work  of  40  to  45  horse-power,  may 
be  taken  as  necessary.  The  exhaust  steam 
should  be  utilised  for  heating  up  the  feed,  the 
milk  of  lime,  <tc. 

(This  figure  is  taken  from  one  of  Mr.  Weldon's 
publications,  where  it  is  stated  as  the  ordinarij 
rate  of  supply,  whilst  in  special  cases  much  less 
than  that,  down  to  li58,000  cubic  feet  of  air, 
were  required.  The  figure  of  300,000  cubic  feet 
would  certainly  prove  an  extremely  incomplete 
absorption  of  the  oxygen  (less  than  5  p  c.  of  that 
injected),  and  it  would  require  much  more  than 
45  horse-power  per  hour.) 

The  milk  of  lime  is  made  in  the  two  iron 
cylinders  j  and  j',  each  about  (1  feet  high  and 
7  or  8  feet  wide ;  j  serves  for  slaking  the  lime 
and  preparing  the  milk,  j'  for  storing  it  and 
supplying  it  to  the  lime-pump  k.  A  donkey- 
engine  bolted  to  ,7  drives  the  agitators  of  both 
cylinders,  .i  has  a  perforated  cage  in  which  the 
quicklime  is  put  in  order  to  be  slaked  by  the 
water  contained  in  the  cylinder. 

The  neutralising  wells  no  are  sunk  in  the 
ground,  and  are  surrounded  by  a  clay  puddle. 
They  arc  made  of  large  stone  slabs  in  an  octago- 
nal shape,  or  of  freestones  in  a  circular  shape, 
always  of  course  so  as  to  be  altogether  acid- 
proof.  It  is  most  imi)ortant  that  there  should  bo 
no  loss  of  liquor  from  this  well. 

The  chlorine  stills  belonging  to  this  plant 
(Wddon  si  ills  or  viiid  stills)  are  very  much 
larger,  especially  much  higher,  than  the  ordi- 
nary manganese-ore  stills.  The  shape  usual  at 
small  works  is  of  scjuaro  section  about  7  feet  x 
7  feet,  and  8  or  9  feet  high.  For  large  works 
they  arc  nuide  octagonal  (as  shown  in  tig.  (>,  and 
more  in  detail  in  tigs.  7  and8),sometin\esl2feet 
\vide  and  high.  The  bottom  is  made  in  two 
pieces,  held  together  by  corner  brackets  and 
bolts  aa.  The  sides,  also  in  two  tiers,  are  joined 
in  the  corners  by  indiarubber  cords  or  bands  ; 
they  are  bound  together  by  the  brackets  bb  and 
screw  bolts,  or  by  cable  ciuiins,  drawn  up  tight 
by  coupling  screws,  and  pressing  on  wooden 
posts  outside  of  the  still-sides.  The  cover  is 
usually  made  dome-shaped.  Wo  note  the  funnel 
for  miinganese  mud,  rf,  the  steam-stone  c  resting 
in  tlie  socket  p,  the  discharge-cock  f,  the  gas- 
pipe  /,  the  acid-supply  pipe  e,  about  half-way  up 


the  height  of  the  still.  There  must  be  also  a 
man-hole,  a  stoneware  cock  with  a  glass  tnbo 
for  a  liquor  gauge,  and  a  small  testing-cock,  all 
of  them  not  shown  in  the  diagram. 

We  shall  now  describe  the  round  of  op<  ra- 
tions,  beginning  with  the  running  of  spent  liquor 


so 


I  w.  7. 


from  the  mud  stills  into  the  neutralising  well. 
The  latter  should  be  covered  over,  a  pipe  leading 
the  gases  (never  free  from  chlorine)  into  a  high 
chimney— if  necessary,  through  a  milk  of  lime 
tower.  The  liquor  is  here  neutralised  with 
ground  chalk  or  limestone  dust,  of  which  no 
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more  than  is  absolutely  necessary  should  bo 
employed.  This  is  best  elTeeled  by  grinding  the 
calcium  carbonate  with  water  (or  preferably  with 
still-li(iuor  itself)  into  a  milk,  and  rumiing  this 
in,  with  constant  agitation,  till  no  more  CO.^  is 
given  olT  and  till  there  is  no  more  acid  reaction 
upon  litmus  paper.  This  operation  will  remove 
the  free  IICI  and  the  Fe_,Cl^,  causing  a  precipitate 
of  Fe.(()II)„,  but  MnCl.  is  not  acted  iqion  here. 
(Further  on  we  shall  mention  the  proposal  of 
G.  E.  Davis  for  neutralising  the  still-liquor,  pre- 
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viously  freed  from  sulphate  of  lime  by  subsidence, 
by  fresh  manganese  mud,  whose  base  would  thus 
be  removed  to  a  great  extent.) 

The  neutralised  liquor,  along  with  all  the 
mud,  is  now  pumped  into  the  liquor-settlers  at 
the  top  of  the  timber  staging,  where  it  must  be 
completely  clarified  before  being  run  into  the 
oxidisers.  Any  matter  remaining  in  suspension 
greatly  interferes  with  the  recovery  process,  and 
especially  causes  very  troublesome  frothing  in 
blowing.  The  muddy  dejiosit  remaining  in  the 
settlers  is  run  ofi  from  time  to  time  through 
the  bottom  valve.  This  deposit  formerly  caused 
the  principal  loss  of  manganese  in  the  Weldon 
process,  by  mechanically  keeping  a  quantity  of 
MnCL  in  suspension  and  wasting  it.  But  this 
can  be  avoided  by  removing  the  INInCl,  from  that 
deposit  as  much  as  possible,  either  by  systematic 
washing  or  by  a  filter-press,  and  reintroducing 
this  MnCU  into  the  process.  It  is,  of  course, 
desirable  to  keep  the  bulk  of  the  deijosit  as  small 
as  possible  by  not  employing  more  calciunr  car- 
bonate than  is  really  necessary,  and  by  employ- 
ing hydrochloric  acid  containing  very  little  sul- 
phuric acid,  which  by  the  formation  of  CaS04 
vei-y  much  increases  the  bulk  of  the  insoluble 
matters.  We  have  seen  above  that  the  hydro- 
chloric acid  is  sometimes  speciaily  purified  for 
this  i3urpose  by  means  of  CaCh  or  BaGL.  Prin- 
cipally by  attending  to  a  thorough  exhaustion  of 
this  settler-mud — of  course,  tog  ether  with  care- 
fully attending  to  all  other  manufacturing  de- 
tails— the  consumption  of  fresh  manganese  ore, 
which  at  first  often  amounted  to  10  p.c.  of  the 
weight  of  bleaching  powder  made,  has  in  the 
best  works  been  brouglit  down  to  1  p.c. 

The  washed  mud,  which  contains  Fe.^(OH)^ 
and  a  little  MnCL,  may  be  employed  for  puri- 
fying coal-gas  from  H^S.  It  has  been  employed 
by  G.  Lunge  for  deodorising  the  drainage  from 
old  soda-waste  heaps  ;  by  spreading  out  the  re- 
sulting mass,  containing  FeS  and  MnS,  in 
contact  with  air,  it  may  be  revivified  and  used 
over  again. 

The  clarified  liquor  drawn  off  from  this  de- 
posit is  essentially  a  solution  of  MnCl.j  and  CaCL. 
The  latter  is  not  merely  an  accidental  admixture, 
but  it  is  absolutely  necessary  to  the  success  of 
the  process  that  the  proportion  of  CaCl,  to 
I\InCl,  should  not  fall  below  ^  to  1.  This  seems 
to  be  owing  to  the  circumstance  that  a  solution 
of  CaCL  keeps  much  more  Ca(OH),_,  in  solution 
than  water,  in  the  shape  of  an  oxychloride,  and 
that  this  is  necessary  to  expedite  the  subsequent 
reactions.  Normal  MnCL  liquor  contains  enough 
MnClo  to  form  about  Hk  lbs.  MnO^  per  cubic  foot. 

The  liquor  is  run  into  one  of  the  oxidisers 
till  this  is  rather  more  than  half  full ;  the  other 
half  serves  for  containing  the  milk  of  lime,  the 
'final'  liquor,'  and,  above  all,  the  froth  formed 
during  the  operation. 

While  one  of  the  oxidisers  is  being  charged 
and  heated  up,  the  other  one  is  under  blast,  so 
that  the  operation  is  a  continuous  one.  The 
liquor  must  be  heated  up  to  55''C.  by  blowing  in 
steam,  but,  when  continuously  working,  it  often 
has  that  temperature  to  begin  with,  at  least  in 
summer,  owing  to  being  heated  in  the  stills. 

The  next  operation  is  adding  milk  of  lime. 
The  lime  employed  for  the  Weldon  process 
ouglit  to  be  as  pure  as  possible,  and  ought 


especially  not  to  contain  more  than  1  p.c.  of 
magnesia.  It  ought  to  be  particularly  well 
burnt  and  slaked,  and  completely  separated  from 
unburnt  or  unslaked  (dead)  particles  by  being 
strained  through  a  fine  wire.  Those  particles 
cannot  aid  in  the  recovery  of  MnO.^,  and  they 
remain  in  this  as  injurious  '  base.'  The  slaking 
takes  place  by  directly  introducing  the  quicklime 
into  hot  water,  throwing  it  into  the  cage  within 
the  vessel  j  (fig.  6),  and  agitating  all  the  time. 
The  coarser  impurities  remain  behind  in  the 
cage,  the  finer  ones  in  a  drainer  interposed  be- 
tween J  and  j'.  The  finished  milk  of  lime  in  j' 
contains  from  20  to  221  of  CaO  per  cubic 
foot,  and  is  pumped  into  the  top  cistern,  from 
which  it  can  be  let  down  in  a  preferably  regular 
stream,  provided  that  it  is  kept  agitated  in  that 
cistern  itself  (cf.  supra). 

In  order  to  begin  au  operation,  one  of  the 
oxidisers  is  half-filled  with  well  settled  MnCI, 
liquor  (of  which  a  stock  must  be  in  reserve  for 
'final  liquor'),  and  is  heated  up  to  55°.  The  blast 
is  put  on  slowly,  and  milk  of  lime,  of  which  the 
initial  level  in  the  store  tank  has  been  carefully 
noted,  is  run  in  till  all  manganese  has  been  pre- 
cipitated as  Mn(OH)._,.  This  point  is  ascertained 
by  frequent  testings,  both  by  trying  whether  red 
J  litmus  paper  turns  blue  (from  an  excess  of  lime), 
and  by  filtering  a  small  sample  and  ascertaining 
by  the  addition  of  strong  bleach  liquor  whether 
the  filti'ate  turns  brown  in  consequence  of  con- 
taining some  MnCL.  When  this  reaction  ceases, 
the  flow  of  lime  is  at  once  stopped,  and  the 
quantity  consumed  so  far  is  read  oif  on  a  gauge. 
This  is  merely  done  to  be  able  to  fix  upon  the 
further  quantity  of  lime,  which  ought  to  be  from 
one-third  to  one-fifth  of  that  first  used.  The 
exact  quantity  of  excess  lime  to  be  used  must 
be  ascertained  at  each  works  by  independent 
trials,  as  it  varies  according  to  the  nature  of  the 
raw  materials,  &c. 

The  '  excess-lime  '  is  run  in  immediately  after 
the  first,  and  the  blast  is  now  at  once  jiut  on 
with  full  strength  ;  otherwise  a  '  thick  batch  ' 
would  be  produced,  whilst  a  '  red  batch  '  (con- 
taining MujOj)  is  formed  when  the  blast  is  put 
on  too  soon.  The  oxygen  contained  in  the  blast 
now  acts  upon  the  mixture  of  manganous  and 
!  calcium  hydrates,  and  forms  a  manganite  of 
calcium,  CaMnO,,  along  with  manganite  of 
manganese,  Mn^O.;. 

This  means  that  at  this  stage  each  molecule 
of  MnO.j  is  combined  with  a  full  molecule  of 
'  base,'  either  CaO  or  MnO  ;  but  this  amount  of 
base  must  be  reduced  because  otherwise  too 
much  acid  is  consirmed,  all  the  more  as  the 
base  is  swelled  by  MnO,  CaCO.,,  and  Ve.O.j  present 
as  impurities,  since  first  of  all  the  base  must  be 
saturated  before  the  MnOj  can  be  acted  upon. 
Although  there  is  no  theoretical  impossibility 
against  it,  there  seems  to  be  no  practical  way  of 
getting  the  base  below  0-5,  or  even  quite  down  to 
that  point ;  0'6  is  considered  very  good,  and  0-7 
is  the  more  usual  amount.  Sometimes  batches 
have  been  found  to  contain  only  0'5  p.c.  base,  of 
course  including  the  impurities.  In  many  cases 
this  may  be  owing  to  the  testing  methods  em- 
ployed, which  do  not  permit  any  very  high  degree 
of  accuracy,  and,  as  carried  out  in  the  works' 
laboratories,  might  easily  cause  an  error  amount- 
ing to  O'l  base  or  more.    But  it  cannot  be  denied 
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that  such  a  low  base  has  also  been  noticed  by 
observers  of  indubitable  competency,  so  that  it 
must  be  assumed  that,  exceptionally,  calcium 
manganites  can  be  formed  of  a  more  acid  type 
than  CaO,2MnO.,. 

With  0'7  of  base,  the  Weldon  mud  consumes 
5-4  HCl  for  each  0  HCl  that  would  be  required 
for  Mn.^0., ;  pure  MnO^  would  only  require  4  HCl, 
but  native  manganese  ore  practically  requires 
much  more  acid  than  Weldon  mud,  in  spite  of 
the  base  of  the  latter,  since  it  is  so  much  more 
ditlicult  to  dissolve. 

It  is,  however,  not  possible  to  arrive  at  a 
proper  result  by  the  simple  blowing  of  air  into 
the  mud  of  calcium  and  manganous  hydrates. 
With  0-G  equivalent  of  excess  of  1  me,  the  degree 
of  oxidation  obtained  is  usually  about  8G  p.c, 
the  product  before  the  addition  of  '  final  liquor  ' 
consisting  of  0'14  equivalents  of  MnO.,  combined 
with  0-14  MnO,  0  48  MnO.,  with  0  48  CaO  as 
CaMnOj,  and  0-24  MnO,  with  0-12  CaO  as 
CaMn.^Oj.  There  is  thus  0-74  total  protoxides 
to  0'8G  MnO„  or  0-8G  equivalents  of  base  per 
1  equivalent  of  MnO,.  In  order  to  reduce  the  base, 
some  more  chloride  of  manganese  liquor  is  run 
in  ('final  liquor  '),  up  to  the  point  that  a  filtered 
sample  gives  the  reaction  upon  MnCl,.  In  this 
case  0'24  eq.  of  MnCl,  will  have  been  used, 
taking  away  half  of  the  lime  in  the  0-48  eq. 
CaMnOj.  If  the  blowing  in  of  air  is  now  con- 
tinued until  the  absorption  of  oxygen  ceases, 
the  0-24  eq.  of  MnCl,  added  will  have  been  con- 
verted into  Mn^O,  or  jMu,0^,  according  to  tem- 
perature. In  the  former  case  the  base  will  be 
reduced  from  0-8G  to  0-7,  but  at  the  same  time 
the  average  degree  of  oxidation  from  8G  to  7o-8 
p.c. ;  in  the  latter  case  the  base  will  be  0-G32,  the 
degree  of  oxidation  79  p.c. 

It  should  be  noticed  that  these  calculations 
only  refer  to  the  conihbicd  base,  but  do  not 
include  MgO,  CaCO.,,  Fo.O.,,  d-c.  which  must  be 
included  in  the  ordinary  method  of  testing  for 
total  base.  With  good  work  the  total  base  does 
not  exceed  0-7. 

In  actual  practice  it  is  not  possible  to  add  the 
lime  exactly  as  indicated  by  theory,  for  when  the 
bleaching  powder  reaction  in  the  filtered  sample 
has  ceased,  decidedly  more  than  1  eq.  of  CaO 
has  been  added  to  1  of  MnCl,,  Mn(OH)  being 
soluble  to  a  certain  extent  in  CaCl, ;  nor  do  all 
the  molecules  of  lime  instantly  act  upon  MnCl.,, 
but  they  will  do  so  afterwards.  Actually  from 
I'l  up  to  1-45  eq.  of  CaO  is  used  at  first,  and 
this  is  brought  up  to  1-G  by  the  '  excess  lime.' 
With  that  quantity  a  well-settling  mud  is  ob- 
tained, from  whicli  a  good  deal  of  CaCl,  solution 
can  be  drawn  oiT,  thus  obtaining  stronger  man- 
ganese mud  for  the  stills.  Usually  12-14  cwt. 
of  lime  per  ton  of  bleaching  powder  are  required 
for  the  recovery  process  {i.e.  about  as  much  as  in 
the  bleaching  powder  chambers). 

The  operation  of  blowing  is  carried  out  in 
this  way.  Tests  are  taken  from  time  to  time  ;  it 
is  ascertained  whether  the  alkaline  reaction  con- 
tinues, which  ouglit  to  be  the  case  perceptibly 
for  at  least  an  hour  after  the  commencement  of 
the  blowing  ;  also,  whether  the  oxidation  pro- 
ceeds any  further  or  not.  When  the  latter  is  the 
case,  some  more  MnCl,  liquor  is  run  in,  without 
stopping  the  blast,  until  a  filtered  sample  vields 
tlie  brown  reaction  with  bleach  liquor.    After  a  j 


few  minutes  this  reaction  ceases,  all  dissolved 
MnCl,  having  been  precipitated.  Then  a  little 
more  final  liquor  is  added,  and  the  blowing  is 
continued,  and  this  is  repeated  till  it  takes  a 
somewhat  long  time  to  '  blow  out '  the  manganese. 
This  must  be  certainly  performed  before  running 
the  batch  into  one  of  the  settlers. 

It  has  been  found  decidedly  preferable  to  apply 
a  very  strong  current  of  air  by  means  of  a 
powerful  blowing  engine  ;  in  this  way  the  work  ia 
not  merely  done  in  much  less  time,  but  with  a 
smaller  absolute  amount  of  air  than  with 
smaller  engines.  The  time  should  not  exceed  2.^- 
hours,  nor  the  quantity  of  air  300,000  cubic  feet 
per  ton  of  MnO,.  With  very  deep  oxidisers  even 
better  results  can  be  obtained. 

The  manganese  mud,  as  it  runs  from  the 
oxidisers,  must  be  concentrated  before  entering 
the  chlorine  stills,  since  it  would  otherwise  be- 
come indefinitely  diluted  by  the  acid,  the  milk 
of  lime,  Ac.  This  is  done  by  allowing  it  to  re- 
main some  time  in  the  mud-settlers  at  the  base 
of  the  oxidisers,  where  in  a  few  hours  it  separates 
into  a  thicker  mud  and  a  clear  solution  of  CaCU. 
The  latter  is  run  off  by  means  of  a  swivel-pipe, 
and  before  running  into  the  waste  drain  it  is 
made  to  pass  through  a  catch-well,  where  any 
MnO,  carried  away  may  be  saved.  The.  thicker 
manganese  mud  remaining  behind,  containing 
up  to  17  lbs.  MnO,  per  cubic  foot,  is  still  liquid 
enough  to  be  run  in  pipes  and  through  sluice- 
valves  into  the  chlorine  stills. 

The  working  up  of  the  manganese  mud  takes 
place  in  this  way.  First,  a  charge  of  hydro- 
chloric acid  is  run  into  the  still,  say  2  feet  deep  ; 
in  lieu  of  part  of  this,  still-liquor  from  native 
manganese  ores  may  be  employed.  Then  man- 
ganese mud  is  run  in  slowly  bj'  means  of  a 
sluice-valve.  Since  in  this  fine  state  of  division 
the  action  between  MnO,  and  IICl  is  practically 
instantaneous,  a  perfectly  uniform  current  of 
chlorine  can  be  obtained  by  regulating  the  How  of 
manganese  mud.  When  the  liquid  taken  out  at 
the  test-cocks  begins  to  assume  a  dark  colour,  a 
little  steam  is  blown  in.  The  end  is  reached  when 
the  liquor,  in  spite  of  a  sufficient  temperature,  is 
clear  but  coffee-coloured,  and  on  pouring  upon 
chalk  produces  only  a  slight  elTervescence.  It 
ought  not  to  contain  more  than  0'5  j».c.  free  HCl 
if  tested  like  ordinary  still-liquor  (cf.  snpra). 
If  the  saturation  of  the  HCl  is  driven  too 
far,  there  is  danger  of  some  MnO,  remaining 
behind,  and  getting  lost  with  the  mud  from  the 
MnCl,  settlers.  Each  operation  in  the  stills  lasts 
from  4  to  G  hours ;  the  liijuor  is  then  run  into 
the  neutralising  well,  and  the  round  of  operations 
begins  anew. 

The  yield  of  chlorine  by  the  Weldon  pro- 
cess is  mostly  expressed  in  terms  of  the  quan- 
tity of  the  salt  required  to  be  decomposed  for 
manufacturing  1  ton  of  37  p.c.  bleaching  powder. 
This  depends  to  some  little  extent  on  the 
management  of  the  Weldon  process  itself,  good 
saturation  and  thick  nuid  consuming  less  HCl 
than  vice  versa,  but  much  more  upon  the  pre- 
vious operation  of  condensing  the  HCl  in  the 
salt-cake  process.  Where  open  roasters  are 
employed  and  only  the  pot-acid  is  used,  1  ton  of 
bleach  generally  requires  from  70  to  80  cwt.  of 
salt,  although  sometimes  G3  cwt.  are  found 
sulficient.     With  close  roasters,   whore  the 
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roaster  acid  is  used  as  well,  and  with  a  very  well 
managed  process,  1  ton  of  bleach  can  be  made 
from  about  50  cwt.  of  salt,  or  even  a  little  less, 
but  the  average  is  GO  cwt.  of  salt  (Weldon,  S.  C. 
i.  18S3,  108). 

If  the  yield  is  calculated  from  the  hydro- 
chloric acid  itself,  from  3s  to  4  tons  of  strong 
acid,  or  say,  2i  cwt.  of  HCI,  is  consumed  for 
1  ton  of  strong  bleach.  Since  the  chlorine  con- 
tained in  the  latter  only  amounts  to  7]  cw't.,  the 
Weldon  process  utilises  little  more  than  30  p.c. 
of  the  HCI,  the  remainder  going  to  waste  in  the 
shape  of  CaCl.^. 

Tlie  consumption  of  coal,  not  including  the 
burning  of  limestone,  amounts  to  16  cwt.  per 
ton  of  bleach,  on  an  average  of  all  works,  some 
requiring  considerably  less ;  that  of  lime  is 
about  13  to  14  cwt.  for  the  oxidisers  and  as 
much  for  the  chambers,  and  about  5  cwt.  of 
limestone  or  chalk-dust  for  neutralising.  The 
cost  of  labour  is  hardly  greater  than  when  using 
native  ore  without  any  recovery. 

The  total  cost  of  bleaching  powder  by  the 
Weldon  process  in  1S83  is  stated  by  G.  E. 
Davis  as  follows  (S.  C.  I.  1883,  15.''.) : 
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This  does  not  include  interest  on  capital, 
management,  wear  and  tear,  depreciation,  etc., 
nor  is  there  any  value  put  upon  the  hydro- 
chloric acid. 

Chlobine  Processes  employing  Atmospheric 

OXVGEN  FOR  THE  LIBERATION  OF  ChLORINE. 

The  Deacon  process. — After  many  unsuccess- 
ful attempts  made  by  Oxland  (1840),  Jullion 
(1840),  Binks  (1860  and  1862),  Dufrene  (1865), 
and  others,  the  labours  of  H.  Deacon  and  F. 
Hurter,  in  the  years  from  1868  on,  produced  an 
entirely  successful  chlorine  process  which  is 
founded  on  the  direct  oxidation  of  the  H  in  HCI 
by  atmospheric  oxygen,  and  which  utilises  much 
more  of  the  HCI  than  any  process  employing 
either  native  or  recovered  MnOo.  Some  pro- 
cesses ijatented  after  theirs  (Henderson,  1871, 
Weldon,  1871,  Wigg,  1873,  &c.)  proceed  on  the 
same  lines,  but  have  not  been  xsractically  suc- 
cessful. 

The  Deacon  process  starts  from  the  well- 
known  fact  that  a  mixture  of  hydrochloric  acid 
and  oxygen  at  a  certain  temperature,  especially 
in  contact  with  porous  substances,  partially 
changes  into  chlorine  and  water: 

'2nCU0  =  H,0-t  2C1. 
This  decomposition  is  very  much  assisted  by  the 
employment  of  substances  which  serve  as  oxygen 
carriers,  and  of  these  the  salts  of  copper  (pre- 
viously employed  by  Vogel  1855,  Gatty  and 
Laurent,  1860,  Mallet,  1806)  have  been  found 
most  useful.  Probably  in  all  cases  cupric 
chloride  is  formed,  which  at  once  splits  up  into 
cuprous  chloride  and  free  chlorine.   The  Cn  X'l, 


combines  with  oxygen   to  form  oxychloride, 
CuO.CuCl,,  and  this  acts  again   upon  HCI, 
yielding  water  and  reforming  cuj^ric  chloride, 
so  that  the  reactions  can  begin  over  again  : 
(1)  2CuCl.  =  Cu,Cl,-f  CL. 
(2)  Cu.,Cl.-fO  =  Cl-Cu-0— Cu  -CI 
(3)  Cu.OCL  -f  2HC1  =  H  ,0  +  2CuCL 
Theoretically  all  the  HCI  would  thus  be  con- 
verted into  chlorine,  but  in  practice  under  the 
most  favourable  circumstances  only  half  of  this 
decomposition  is  effected.    The  undecomposed 
HCI  is,  however,  not  lost,  but  is  recovered  and 
can  be  utilised  for  other  purposes,  e.g.  for  the 
Weldon  jsrocess. 

Hurter  (S.  C.  I.  1883,  105  and  107) 
has  studied  the  thermal  conditions  of  this 
change.  He  points  out  that  a  direct  decom- 
position of  liquid  hydrochloric  acid  by  oxygen 
in  the  free  state  is  an  impossibility,  whilst  in 
the  gaseous  state  HCI  can  be  decomposed  di- 
rectly by  free  oxygen  ;  for: 
Liquid. 

2H  I  2C1  =  78,640  thermal  units  (calories) 
2H +  0  =  68,360     „  „ 

Deficiency  10,280 

Gaseous. 
2H  +  2C1  =  44,000  thermal  units 
2H-hO  =  58,700 

Excess  14,700 
But  although,  as  we  see,  in  the  gaseous  con- 
dition the  reactioji  2HC1  -t-  0  =  H  ,0  -I-  CI ,  evolves 
heat,  it  is  a  slow  and  very  incomplete  reaction, 
j  The  case  becomes,  however,  quite  dilferent  by 
bringing  in  the  assistance  of  copper  compounds, 
of  which  cupric  chloride  is  most  active,  owing 
to  its  capability  of  dissociation,  that  is,  of  con- 
verting heat  into  chemical  energy.  At  a  tem- 
perature approaching  400"C.  it  splits  up  into 
cuprous  chloride  and  chlorine,  with  absorption 
of  heat  (37,500  calories). 

2CuCI,=  Cu..Cl,-i-Cl,. 
103,260  cal.  =  65,760'-f  37,50(5  calories  absorbed. 

If  the  cuprous  chloride  at  a  high  temperature 
is  exposed  to  a  current  of  oxygen,  it  forms 
cupric  oxide  with  evolution  of  heat  : 
Cu„Cl.,+  20  =  2Cu04-Cl., 
65,760  cal.  =  74",320- 18,560  calories  evolved. 
'  If  CuO  is  changed  into  CuCl,  by  HCI,  there  is 
also  heat  evolved : 

CuO  +  2HCl  =  CuCl.,-^H,0 
37,160  -^  44,000  =  51,630  +  57,000  - 27,470 
evolved. 

Thus  the  total  amount  of  heat  evolved 
j  during  the  cycle  of  reactions  is  greater  than  that 
absorbed   during    the   dissociation    of  cujprie 
'  chloride.    Once  the  dissociation  has  begun,  the 
cycle  of  reactions  must  continue  as  long  as  HCI 
and  O  are  present.    But,  similarly  as  in  other 
processes  of  dissociation,  the  evolution  of  chlorine 
ceases  immediately  when  the  chlorine  exerts  a 
I  certain  pressure  (tension).    The  higher  the  tem- 
i  perature  the  greater  may  be  this  pressure  until  a 
temperature  is  reached  at  which  CuCl,  can  no 
longer  exist.    At  the  temperature  of  its  com- 
plete dissociation,    a  current  of  hydrochloric 
acid  and  air  will  no  longer  be  affected  by  the 
presence  of  copper. 

From  a  diagram  constructed  by  Hiu-ter, 
showing  the  aflinity  of   technically  available 
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elements  to  oxygen,  chlorine,  and  hydrogen,  it 
appears  that  no  other  metal  than  copjier  forms 
two  oxides  and  two  chlorides,  in  which  the  com- 
bination is  of  so  loose  a  character.  It  is  there- 
fore almost  a  certainty  that  a  cheaper  and 
equally  ethcient  catalyte  cannot  be  found,  and 
that  the  Deacon  process  is  the  best  for  the 
direct  conversion  of  gaseous  HCl  into  free 
chlorine. 

Deacon's  process  deals  with  the  gaseous 
hydrochloric  acid,  as  it  is  evolved  in  decom- 
posing common  salt  by  sulphuric  acid,  without 
condensing  it  into  litjuid  acid.  This  is  evi- 
dently a  great  advantage  in  one  way.  but  it  has 
the  drawback  that  in  the  beginning  of  each 
operation  much  more  HCl,  and  hence  more  CI, 
is  got  than  afterwards.  This  want  of  uni- 
formity is  less  felt  w-ith  the  mechanical  salt- 
cake  furnaces,  e.g.  Mactear's,  which,  however, 
yield  the  HCl  too  much  diluted  with  air  and 
inert  gases.  In  practice  only  the  gases  from  the 
decomposing  pots,  say  68-70  p.c.  of  the  total 
HCl,  are  used  for  the  Deacon  process,  tliose 
coming  from  the  roasters  being  too  dilute  and 
containing  too  much  sulphuric  acid.  In  order 
to  equalise  the  operation  to  a  certain  extent, 
two  pots  can  be  combined  in  this  way,  that  only 
the  strong  gas  escaping  in  the  first  stage  of  the 
decomposition  of  NaCl  is  passed  through  the 
Deacon  apparatus ;  when  half  the  time  is  over, 
the  gases  are  turned  into  an  ordinary  acid  con- 
denser, and  those  from  the  second  pot  freshly 
charged  are  turned  into  the  Deacon  ajiparatus. 
It  does  not  appear  that  this  is  usually  followed. 

The  quantity  of  air  necessary  to  form  chlor- 
ine enters  through  the  joints  of  the  doors  and 
dampers.  It  is  regulated  by  the  speed  of  the 
aspirator  (a  Root's  blower)  which  is  placed  at 
the  end  of  the  whole  apparatus  and  produces 
the  movement  of  the  gases  through  it.  Usually 
there  are  4  vols,  of  air  to  1  vol.  of  HCl.  An 
excess  of  air  is  less  injurious  than  a  deficiency 
of  it,  in  which  case  there  is  an  incomplete  de- 
composition, and  the  acid  condenser,  which  is 
not  calculated  for  more  than  the  regular  quan- 
tity of  HCl,  will  easily  let  some  HCl  pass  through, 
thus  causing  double  damage. 

The  gases  leaving  the  pot  are  first  cooled  by 
a  long  string  of  pipes  and  a  scrubber ;  thus 
much  of  the  water  and  about  l  or  i  of  the  HCl 
is  removed.  A  patent  by  Deacon  and  Hurler 
(Pat.  2,104, 188S)  provides  for  cooling  the  gas  and 
drying  it  in  a  sulphuric  acid  tower  before  it 
enters  the  decomposer,  such  complete  drying 
being  very  advaivtageous  for  the  process. 
The  gases  now  enter  the  heating  apparatus. 
This  is  a  furnace,  16  foot  x  16  feet,  in  which 
twenty-seven  vertical  pipes,  12  inches  wide  and 
!)  feet  high,  are  arranged  in  two  sets  of  twelve 
each,  connected  like  the  '  breechos-pipes  '  in  the 
blast-heating  stoves,  formerly  used  in  iron  works 
and  now  replaced  by  brick  heaters. 

The  gases  are  here  heated  up  to  500°  ;  the 
waste  heat  of  the  furnace  is  sullicient  for  heating 
the  decomposer,  which  docs  not  possess  any  fire 
of  its  own. 

The  gases  now  pass  into  the  decomposer 
(fig.  9).  This  is  an  upright  cast-iron  cylinder,  12 
to  1.5  feet  wide.  It  contains  a  cyliinUical  ring 
of  broken  bricks,  supported  by  cast-iron  shutters. 
Tlio  gases  enter  at  the  circumference  at  a,  pass 


j  radially  across  the  decomposing-mass  d  into  the 
inner  space,  and  are  led  away  through  the  pii]e  c. 
The  annular  space  between  the  shutters  is  3  feet 
wide,  and  is  divided  into  six  compartments,  one 
of  which  is  emptied  every  fortnight.  This  is  done 
I  by  means  of  the  discharging  doors  cc  below  the 
I  cylinders.  Fresh  deeomposing-material  is  then 
thrown  in  from  above  through  ek  ;  this  material 
consist  of  burnt  clay  broken  up  into  lumps,  freed 
from  dust,  and  dipped  into  a  solution  of  cupric 
chloride.  The  mass  contains  about  0-6-0-7  p.c.  of 
metallic  copper.  After  the  active  substance  has 
served  once,  that  is,  for  ten  to  twelve  weeks,  it  is 
thrown  away.    Each  cwt.  of  clay  produces  about 
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Fig.  9. 

10  to  12  cwt.  of  bleach.  It  has  been  found  use- 
less to  attempt  utilising  the  contact  substance 
by  re-dipping  it  in  the  copper  solution  or  in  any 
other  way.  The  cost  of  copper  for  the  contact 
substance  does  not  exceed  Is.  per  ton  of  bleach 
produced. 

The  temperature  both  in  the  heating  appa- 
ratus and  in  the  decomposer  must  be  most  care- 
fully regulated,  for  which  purpose  special  pyro- 
meters have  been  constructed  (c/.  Hurler  on 
Pyrometers,  S.  C.  I.  1-886,  625).  In  the  decom- 
poser it  ought  to  range  from  480  to  500"C. 

When  the  gases  leave  the  decomposer  they 
consist  of  a  mixture  of  HCl,  free  CI,  and  steam. 
In  the  best  case  i  of  the  HCl  is  converted  into 
CI,  but  sometimes  only  i.  They  are  now  cooled 
by  passing  through  a  long  string  of  earthenware 
or  glass  pipes,  and  are  then  freed  from  HCl  by 
washing  with  water  in  the  ordinary  acid  con- 
densers, consisting  of  stone  coke  towers,  com- 
bined or  not  combined  with  acid  cisterns, 
Woulfe's  jars,  &c.  By  properly  managing  this 
process,  most  or  all  of  the  acid  can  be  obtained 
in  the  strong  state,  as  required  for  the  Weldon 
process  and  other  purposes.  At  least  this  is 
done  in  Germany;  in  Kngland  the  acid  obtained 
is  usually  too  weak.  Deacon  and  Hurler  (Pat. 
2,311,  1SS8),  thrrofore,  now  pass  the  gases  up  a 
tower  tilled  with  Hints,  in  which  Weldon  mud 
is  run  down,  which  absorbs  the  hydrochloric  acid 
with  evolution  of  chlorine. 

The  gases  can  now  be  employed  directly  for 
making  bleach  liquor  or  chlorate  liquor  from 
milk  of  lime.  If,  however,  bleaching  powder  is 
to  be  made,  they  must  be  freed  from  water  by 
passing  them  through  a  lead  tower  packed  with 
coke,  in  which  sulphuric  acid  of  not  less  than 
140°Tw.  is  kept  trickling  down.  The  removal  of 
water  is  very  necessary  for  dealing  with  this  gas, 
which,  owing  to  the  great  excess  of  nitrogen  and 
oxygen  present,  contains  at  most  10  p.c.  of 
chlorine,  and  cannot  be  absorbed  in  ordinary 
blcaching-powder  boxes,  but  must  be  treated  in 
apparatus  specially  constructed  for  this  pur- 
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pose  (cf.  infra).  In  winter  it  is  easier  to  dry 
tlicm  than  in  summer,  so  that  it  is  also  easier  to 
malie  strong  bleach  ;  but  this  can  be  done  in 
summer  time  as  well  by  employing  sulphuric 
acid  of  150°T\v.,  of  which  each  apparatus  re- 
quires 5  to  G  tons  per  twenty-four  hours. 

The  results  to  be  obtained  by  Deacon's  pro- 
cess are  staled  a  little  differently  by  various 
manufacturers,  which  cannot  excite  any  surprise, 
as  so  much  depends  upon  care  and  skill.  Hurter 
(S.  0.  I.  1883,  109)  states  that  he  obtains  for 
every  50  tons  of  salt  passed  through  the  decom- 
IDOsing  pans  17  to  18  tons  of  bleaching  powder 
with  a  decomposer  of  average  activity.  Eschell- 
mann  (S.  C.  I.  1883,  108)  gives  an  average  of 
18  tons  of  bleaching  powder  for  every  54  tons 
of  salt-cake,  that  is,  1  ton  of  bleach  for  54  cwt. 
of  salt.  Weldon  (S.  C.  I.  1883,  108)  gives  1  ton 
of  bleach  to  CO  cwt.  of  salt. 

All  this  does  not  include  the  roaster-acid  and 
that  condensed  before  and  after  the  decomposer  ; 
by  utilising  this  in  a  Weldon  apparatus,  another 
0  to  7  tons  of  bleach  can  be  obtained. 

The  heating  of  the  apparatus  requires  8  to 
10  cwt.  of  coal  per  ton  of  bleach.  The  total 
consumption  of  coal  (including  the  concentration 
of  the  sulphuric  acid  employed  in  the  drying 
tower  ?)  does  not  exceed  the  weight  of  bleach 
produced. 

The  amount  of  wages  for  attending  to  the 
superheating  and  decomposer,  for  slaking  lime, 
charging  the  chambers,  packing  the  bleach,  and 
preparing  the  contact  substance,  averaged,  in 
1883,  14s.  to  15s.  per  ton  of  bleach. 

During  the  first  years  of  its  existence,  the 
Deacon  process  had  to  contend  with  many  draw- 
backs, principally  owing  to  two  circumstances. 
Firstly,  the  contact  substance  frequently  did  not 
yield  satisfactory  results ;  its  renewal  caused 
very  awkward  delays,  and  the  redipping  mostly 
did  not  sufficiently  revive  its  former  activity. 
This  has  been  overcome  in  the  way  stated  above, 
by  systematically  changing  the  contact  substance 
and  throwing  it  away  as  it  comes  out  of  the  de- 
composer. Secondly,  the  Deacon  gas  formerly 
owing  to  the  cubical  shape  of  the  decomposer, 
which  didnot  prevent  fire-gases  from  being  drawn 
into  it,  frequently  contained  very  much  carbonic 
acid,  wliich  spoiled  the  bleaching  powder,  so  that 
most  works  could  only  produce  weak  bleach. 
This  has  also  been  entirely  remedied  by  making 
the  decomposer  in  the  form  of  a  cylinder,  thus 
avoiding  a  large  number  of  joints  and  incon- 
venience in  expansion  and  contraction. 

All  the  difficulties  which  formerly  impeded 
the  success  of  the  Deacon  process  have  been 
overcome  long  since,  and  although  it  still  re- 
quires very  careful  handling,  it  is  now  quite 
under  control.  Its  great  advantages  are,  firstly, 
the  very  superior  yield  of  chlorine,  secondly, 
the  fact  that  there  cannot  possibly  be  a  nui- 
sance caused  by  it,  all  the  gases  being  drawn 
through  the  apparatus,  so  that  the  pressure 
within  is  below  that  of  the  atmospheric  air. 

The  reason  why,  in  spite  of  this,  the  Deacon 
process  has  come  to  a  comparative  standstill 
(it  is  in  work  in  about  4  English,  2  German  and  2 
Erench  works)  seems  to  be  that  it  requires  a  great 
deal  of  capital  outlay,  which  most  manufacturers 
donot  like  to  incur  during  the  depression  of  prices 
in  the  alkali  trade,  and  while  several  other  new 


chlorine  processes  seem  to  be  on  the  eve  of 
attaining  an  even  greater  measure  of  success. 

Hargreaves,     Robinson,     and  Hargreaves 
(E.  P.  5,073,  1884)  propose,  as  an  improvement, 
to  mix  HCl  gas,  whilst  hot,  with  a  small  quan- 
tity of  coijper  chloride  vapour,  and  to  pass  it 
through  the  Deacon  apparatus,  by  which  means 
the  rate  of  decomposition  is  increased.  The 
chlorine  formed  is  passed  into  a  bleaching- 
powder  chamber  of  special  construction,  con- 
taining mechanical  agitators,  along  with  some 
strong  chlorine,  obtained  by  absorbing  some, 
of  the  weak  chlorine  in  milk  of  lime  and  libe- 
j  rating  the  CI  again  by  HCl  in  stone  stills. 
I       Chlorine  produced  from  hydrochloric  acid 
j  and  air  by  other  contact  substances.  Many 
I  such  substances  have  been  the  objects  of  pro- 
posals, some  of  which  are  inseparable  from  the 
manufacture  of  chlorine  from  metallic  chlorides, 
'  that  is  from  HCl  in  the  nascent  state.    A  gene- 
j  ral  investigation  on  the  mutual  action  of  HCl 
I  and  0  in  the  pi-esence  of  certain  metallic  com- 
pounds (of  Cu,  Fe,  Mn,  and  Cr)  has  been  made 
by  Lamy  (Bl.  1873,  20,  2).  We  must  refer  to  the 
I  original,  and  will  only  mention  that  he  found 
I  copper  salts  much  more  efficient  than  others,  and 
that  with  these  the  decomposition  is  at  its  maxi- 
mum at  about  440'^. 

The  proposals  to  employ  ferric  chloride 
(Thibierge,  1855,  and  others),  or  chromic  oxide 
(Hargreaves  and  Eobinson,  1872)  have  not  had 
any  practical  success. 

Nickel  oxide  has  been  proposed  by  L.  Mond 
(E.  P.  8,308,  1880).  Pie  passes  HCl  over  heated 
NiO,  when  the  chlorine  combines  with  the  base. 
The  product  is  then  in  the  same  apparatus  ex- 
posed to  dried  and  heated  air,  whereby  NiO 
is  reformed  and  CI  is  given  off.  In  order  to  in- 
crease the  active  surface,  pumice  stone  is  im- 
pregnated with  the  chloride,  and  after  drying 
the  mass  is  exjDosed  to  the  action  of  the  gases 
in  cylinders  made  of  earthenware  or  enamelled 
iron.  The  gaseous  HCl  and  air  being  previously 
heated,  the  retorts  do  not  require  very  much 
additional  heat  from  without,  and  therefore  can 
be  made  of  a  large  diameter.  It  is  claimed  for 
this  process  that  it  converts  the  HCl  completely 
into  chlorine,  and  that  impure  HCl,  which  is 
unfit  for  the  Deacon  process,  is  here  quite  suit- 
able. 

Chlorine  from  the  residual  liquors  of  the 
Ammonia-Soda  process.  The  principal,  un- 
doubtedly at  present  the  only  reason,  why  the 
ammonia-soda  process  has  not  superseded  the 
Leblanc  process,  is  the  fact  that  the  chlorine  of 
NaCl  in  the  former  process  goes  to  waste  in  the 
form  of  CaCl.j.  Very  numerous  processes  have 
been  proposed  and  tried  to  avoid  this  loss  by 
preparing  HCl  or  free  CI  from  the  liquors  of  the 
ammonia-soda  process.  We  shall  here  only 
treat  of  those  processes  by  which  free  chlorine 
is  obtained. 

I  1.  Chlorine  from  aminoniniii  chloride. 
Instead  of  first  decomposing  NH,C1  by  lime,  and 

I  thus  obtaining  NH,,  and  CaCI,,  Mond  Proposes 
to  recover  chlorine  directly  from  NH.Cl,  of 
course  along  with  ammonia  (D.  P.  05,  GO,  1,048, 
1,049,  3,238,  all  of  188G).  The  solution  of 
ammonium  chloride  is  boiled  down  to  dryness ; 
the  dry  NH,C1  is  volatilised  and  the  vapour  is 
passed  over  nickel  protoxide  heated  to  about 
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400°,  or  combinations  of  NiO  with  fixed  acids  I 
(silicic,  phosphoric,  boric,  etc.)  at  a  somewhat  I 
lower  temperature.  The  chlorine  then  combines 
with  the  NiO,  forming  an  oxychloride,  while 
tlie  ammonia  passes  on  and  can  be  utilised  in 
any  convenient  manner.  The  oxychloride  is 
now  treated,  either  with  superheated  steam  of 
450°,  or  with  dried  air  heated  to  500°C.  In  the 
former  case  HCl,  in  the  second  free  CI,  is  given 
off  (forming  5  to  7  p.c.  of  the  escaping  gases), 
whilst  NiO  remains  behind  and  can  be  used 
over  again  for  the  first  process.  As  some  NHj 
remains  behind  at  the  first  stage,  which  would  ' 
be  destroyed  in  the  second,  it  is  to  be  recovered 
by  the  aid  of  a  vacuum,  or  by  driving  it  out  by 
means  of  an  inert  gas. 

I'or  carrying  out  this  process,  a  number  of 
east-iron  retorts  are  set  obliquely  in  one  common 
furnace,  and  heated  by  direct  fire,  or  by  generator 
gas.  The  retorts  pass  through  the  walls  of 
the  furnace  at  both  sides,  and  are  at  each  end 
provided  with  covers  and  openings  for  the  inlet 
and  outlet  of  the  gases.  Since  cast-iron  is  too 
much  acted  upon,  the  retorts  are  to  be  enamelled 
or  lined  inside  with  fire-clay,  graphite,  carbon, 
*c. 

The  Verein  fiir  chemische  Industrie  at 
Mainz  (E.  P.  3,822,  1880)  passes  the  vapours  of 
ammonium  chloride  over  any  oxide  of  man- 
ganese, at  a  temperature  not  reaching  red  heat. 
If  MnO  is  used,  the  reaction  will  be 

MnO  +  2NH,C1  =  MnCl.,  +  2NH3  +  H,0. 
If  now  air  ispassed  overthe  resulting  MnCl.„MnO 
and  01  are  obtained  ;  MnCl.,+  O  =  MnO  +  2"C1. 

Chlorine  from  calcium  chloride. 
Lalande  and  Prud'homme  (Bl.  17,  290 ;  20,  74)  ! 
showed  that,  if  alkaline  or  earthy  chlorides  are 
mixed  with  silica,  boric,  stannic,  phosplioric 
acid  or  alumina,  if  this  mixture  is  made  red- 
hot,  and  dry  air  is  passed  over  it,  then  chlorine 
is  given  off,  e.g.: 

2NaCU  Si02-fO=Na,Si03-H2Cl. 

It  has  long  been  known  that  chlorides  are 
decomposed  by  silica  or  silicates  in  the  presence 
of  steam,  and  that  HCl  can  be  got  in  this  way, 
but  so  far  as  the  manufacture  of  hydrochloric 
acid  is  concerned,  the  expense  of  this  process 
must  be  always  too  great  (c/.  Hurter,  S.  C.  I. 
18S;!,  105).  It  may  be  different  where  the  direct 
production  of  chlorine  is  aimed  at. 

li.  Solvay  (Patents  No.  77,  1877  ;  No.  838 
and  839,  1880  ;  No.  7,258,  7,259  7,260,  8,724,  of 
1885  ;  13,389,  of  1880)  mixes  the  chlorides  with  ' 
silica,  alumina,  or  clay,  and  exposes  this  mix- 
ture to  a  current  of  dry  air  at  an  intense  heat ; 
silicious  clays  or  infusorial  earth  are  much  pre- 
ferable to  sand.  The  silicious  substances  used 
are  first  freed  from  CO^,  by  acid  treatment,  and 
are  used  in  such  excess  that  the  mixture  does 
not  fuse.  The  air  used  is  purilicd  from  moisture 
and  CO.j.  The  iron  vessels  used  are  covered 
witli  preservative  coatings  of  certain  mixtures 
of  suda,  clay,  and  vitriliable  products.  There  is 
also  a  cupola  furiwice  mentioned,  the  waste  heat 
being  employed  for  heating  up  the  air  by  means 
of  a  recuperator.  The  last  patent  describes  a 
contnuious  furnace,  consisting  of  a  series  of 
hollow  vertical  columns  of  small  diami^ter,  made 
of  lire-proof  material,  so  constructed-  that  all  ; 
l>arts  can  freely  expand  or  contract.  These  [ 
colunnis  arc  heated  from  the  outside  by  means 


of  a  gas-producer.  The  matter  to  be  heated  is 
l^ut  in  at  the  top,  and  the  decomposed  matter  is 
continuously  drawn  out  at  the  bottom  ;  air  pre- 
viously dried  and  heated  is  admitted  at  the 
bottom  and  is  drawn  away  at  the  top  of  the 
column,  charged  with  chlorine. 

The  residue  from  tliis  operation  was  formerly 
proposed  to  be  utilised  for  the  manufacture  of 
cement.  It  is  now  proposed  to  use  this  sub- 
stance, consisting  of  CaO,  ALO,,  and  SiO^,  with 
solid  NH|C1  and  heat  the  mixture  to  350  C, 
when  all  NH3  is  liberated  and  there  remains  an 
intimate  mixture  of  CaCL  with  AI.Pj  and  SiO., 
well  adapted  to  evolve  chlorine  under  the  in- 
fluence of  air  and  heat.  The  same  silica  and 
alumina  may  thus  be  used  over  and  over  again. 

Twynam  (E.  P.  731,  1885)  first  forms  an 
oxychloride  by  adding  lime  to  the  CaCL  liquor, 
and  subjects  this  to  the  action  of  air  and  heat. 

Tagnet  (G.  P.  30,839)  heats  the  dry  residue 
from  CaCL,  liquor  with  pure  sihca  and  MnO... 

Chlorine  from  magnesium  chloride. 
It  is  well  known  that  MgCL  is  much  less  stable 
than  CaCL, ;  on  evaporating  its  solution  beyond 
a  certain  point  it  begins  to  give  otT  HCl,  and  this 
is  continued  while  the  mass  is  being  dried  and 
calcined.  The  result  is,  however,  not  a  mere 
splitting  up  of  MgCL-hH.O  into  MgO-h2HCl, 
but  there  is  always  a  considerable  formation  of 
oxychloride,  and  there  are,  moreover,  great  prac- 
tical obstacles  to  the  carrying  out  of  this  reaction 
for  the  recovery  of  HCl.  Passing  steam  over 
the  mass  during  the  heating  greatly  facilitates 
the  evolution  of  HCl,  and  ultimately  there  may 
be  thus  a  practically  complete  deeouujosition 
into  MgO  and  HCl,  but  the  expense  of  this  pro- 
cess is  too  great,  and  the  hydrochloric  acid  mado 
in  this  way  is  too  dear.  As  in  the  case  of  CaCL,, 
the  problem  seems  to  ofier  much  more  chance 
of  success,  if  the  direct  production  of  chlorine  is 
aimed  at,  by  passing  heated  air  over  MgCL,,  either 
by  itself  or  mixed  with  some  substance  intended 
to  facilitate  the  reaction. 

In  his  patent  of  1872  Solvay  had  proposed 
to  employ  MgO  instead  of  lime  for  decomposing 
the  ammonium  chloride  liquors  of  the  ammonia- 
soda  process,  and  recovering  MgO  and  HCl 
from  the  MgCL.  This,  we  have  seen,  can  liardly 
be  expected  to  pay  ;  therefore  the  direct  pro- 
duction of  CI  from  liquors  obtained  in  lliis  kind 
of  manufacture  has  been  the  object  of  further 
attempts.  In  pursuance  of  these,  the  mag- 
nesium chloride  obtained  from  the  mother 
liquors  of  sea-salt  making,  and  especially  that 
resulting  in  enormous  quantities  in  the  Stassfurt 
potash  industry,  has  been  brought  in  for  the 
same  object. 

We  have  already  mentioned  the  processes  of 
Lalande  and  Prud'homme,  and  that  of  Solvay, 
of  1887,  which  apply  to  MgCL^  as  well  as  to 
CaCl.j.  Some  other  proposals  are  those  of 
Eamdohr  (1882)  and  J.  Townsend  (1881). 

The  most  persistent  elTorts  in  this  direction 
liave  been  made  by  Weldou,  who  was  later  on 
joined  by  Pechiuey. 

In  1872,  simultaneously  with  Solvay's  just- 
mentioned  plan,  Weldon  brought  out  his  '  mag- 
nesium manganite  '  process,  which  was  actually 
carried  into  practice  a  few  years  after,  but  aban- 
doned again.  It  consisted  in  boiling  down  tlia 
mixed  solutions  of  MgCl._,  and  MnCl_.  to  dryness, 
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and  tlicn  calcining  the  mass  in  the  presence  of 
air.  Here  HCl  and  CI  are  given  oft',  and  the 
residue  is  a  compound  of  MgO  witli  MnO,.,  which 
is  treated  for  chlorine  in  au  ordinary  Weldon 
still.' 

We  have  thus  a  combination  of  the  MgCL 
process  with  the  manganese  recovery,  more  in- 
tended for  the  latter  than  for  the  independent 
working  up  of  MgCI,^. 

This  process  was  tried  on  an  industrial  scale, 
as  well  as  the  simple  decomposition  of  mag- 
nesium chloride  by  heat,  at  the  Gerard's  Bridge 
Works  at  St.  Helens,  but  had  to  bo  abandoned 
because  the  furnace-beds  were  too  quickly  de-  j 
stroyed  by  the  MgCL  solution  penetrating  into 
them.    This  led  Weldon,  in  1881,  to  the  idea  of 
adding  to  a  concentrated  solution  of  a  chloride  or  ' 
mixture  of  chlorides,  the  oxide  of  the  same  metal 
or  metals,  and  then  treating  by  heat  and  air  ; 
solid  masses  of  the  mixture.'-    This  improvement 
is  embodied  in  the  patents  No.  964  to  908  of  | 
1881.    One  of  these  already  embodies  the  plan  | 
of  working  with  an  oxychloride  of  magnesium  i 
formed  by  adding  magnesia  to  a  very  strongly  I 
concentrated  hot  solution  of  MgCl.^  in  such  pro-  1 
portions  that  a  hard  solid  mass  is  obtained  which  | 
does  not  appreciably  soften  when  heated.    From  j 
1  to  2  equivalents  of  MgO  are  generally  sufficient  , 
for  a  solution  containing  GR.fi  to  l^IgCl.  The 
resulting  oxychloride  is  now  heated  in  a  current  , 
of  air  in  a  specially  constructed  furnace. 

This  process  was  taken  up  by  Messrs. 
Pechiney  &  Cie.,  of  Salindres,  and  has  received  { 
a  great  many  improvements  in  the  course  of 
being  worked  out  on  a  large  scale,  for  which  credit 
is  to  be  given  to  M.  Pechiney  and  his  engineer  M. 
Boulouvard.  These  improvements  refer  partly 
to  apparatus  and  partly  to  changes  in  the  pro- 
cedure. (Patents  No.  4,079  and  6,8(58,  1883  ; 
9,304,  9,305,  9,.306,  9,307,  9,688,  11,0.3.5,  and 
11,036,  of  1884  ;  9,227  and  9,831,  of  1885.)  In 
the  course  of  these  labours  it  turned  out  that 
probably  the  i^rincipal  importance  of  that  process 
would  lie,  not  in  its  application  to  the  liquors 
of  the  ammonia-soda  process,  but  in  producing 
chlorine  from  tlie  enormous  quantities  of  mag- 
nesium chloride  obtained  in  a  concentrated 
solution  as  a  hitherto  worthless  by-product  of 
the  manufacture  of  potassium  chloride  at 
Slassfuit. 

The  process  as  it  was  carried  out  at  Salindres 
in  the  latter  part  of  1887,  on  an  experimental 
scale  of  J  ton  of  chlorine  per  day,  has  been  fully 
described,  with  many  illustrations,  by  Dewar 
(S.  C.  I.  1887,  775).  We  here  give  only  a  sum- 
mary of  that  description,  as  no  doubt  further 
improvements  will  be  made  (and  have  indeed 
been  promised)  before  the  process  is  made  to 
work  on  a  larger  scale,  a  plant  corresponding  to 
6  tons  of  chlorine  per  diem  having  been  taken 
into  hand. 

Fiist  operation. —  Magnesia  is  dissolved  in 
HCl.  This  magnesia  is  a  portion  of  that  which 
results  from  the  fifth  operation  ;  the  HCl  results 
in  part  from  the  same  operation,  and  the  re- 
mainder from  the  decomposition  of  salts. 
(Where  MgCL  is  the  starting-point  this  opera- 
tion is  of  course  left  out.)    There  is  in  this 

■  Details  in  Lunge's  Alkali,  3,  237-247. 
^  This  idea  has  again  been   patontcil  in   a  slightly 
modified  form  b.v  J.  Wilson,  No.  3,U"JS  of  18S5. 


operation  a  considerable  rise  of  temperature  and 
a  tendency  of  the  mass  to  boil  over.  This  is 
prevented  by  slowly  running  HCl  into  a  well, 
similar  to  the  neutralisers  in  Weldon's  old 
process,  adding  the  magnesia  little  by  little, 
and  stopping  the  operation  for  a  short  time 
whenever  the  heat  approaches  the  point  of 
ebullition.  Lastly,  enough  MgO  is  added  to 
precipitate  part  at  least  of  the  foreign  oxides 
(Fe.Oj,  A1,0.,),  and  a  little  CaCL,  to  transform 
part  of  the  MgSO.,,  resulting  from  the  sulphuric 
acid  contained  in  the  hydrochloric  acid  em- 
ployed. 

Second  operation.— Freparntion  of  the  mag- 
nesium oxychloride.  The  clarified  liquor  re- 
sulting from  the  first  operation  is  evaporated 
down  to  the  point  at  which  it  contains  no  more 
than  about  six  equivalents  of  water,  and  is  now 
converted  into  oxychloride  in  an  annular  sheet- 
iron  vessel,  slowly  revolving  on  rollers  on  a 
horizontal  plane,  three  mechanical  stirrers 
keeping  the  mass  agitated.  Here  magnesia, 
about  1;^  eq.  per  eq.  of  the  MgCL  employed,  is 
gradually  mixed  with  the  latter,  whereupon, 
with  evolution  of  much  heat,  the  mass  solidifies 
in  the  form  of  pieces  of  dilferent  sizes.  This 
oxychloride  contains  35-00  MgCL  (  =  20-10  p.c), 
19-S4  MgO  (  =  1-346  eq.  of  the  MgCl),  41-10  H.O, 
4-00  impurities. 

Third  operation. — Breaking,  crushing,  and 
sifting  the  oxychloride.  It  should  be  reduced 
to  pieces  not  larger  than  a  walnut,  but  free 
from  dust.  The  latter  is  sifted  out,  and  can  be 
reintroduced  into  the  first  or  second  operation. 

Fourth  operation. — Drying  the  oxychloride 
of  magnesium.  The  less  water  it  contains  the 
more  free  chlorine  and  the  less  HCl  will  be 
formed  in  the  decomposition  by  heat  and  air. 
The  temperature  in  drying  must,  however,  not 
exceed  250°  to  300°C.  Since  dust  must  be 
avoided,  the  drying  cannot  be  promoted  by 
mechanical  agitation,  but  it  is  done  on  a  train 
of  wagonettes,  with  shelves  one  above  the  other, 
on  which  the  oxychloride  is  spread  in  layers  of 
5  to  6  centimetres  thickness,  and  which  circu- 
late in  a  flue  in  a  direction  opposite  to  that 
traversed  by  the  hot  gases.  The  filling  of  the 
wagonettes  is  performed  by  a  mechanical  appa- 
ratus. During  this  operation  the  oxychloride 
loses  60  to  65  p.c.  of  its  water,  and  it  disengages 
5  to  8  p.c.  of  its  chlorine  in  the  state  of  HCl. 
Thus  100  of  original  oxychloride  is  reduced  to 
73-36,  the  raw  product  containing  p.c.  41-45 
MgCl,  (  =  33-30  CI),  28-36  MgO  (  =  1-511  eq.  per 
eq.  of  MgCl,,),  21-62  H,,0,  5-47  impurities.  The 
drying  has  thus  caused  a  loss  of  6-6  p.c.  of  the 
clilorine  originally  present.  This  loss  will  hardly 
exceed  8  p.c. 

Fifth  operation. — Decomposition  of  oxy- 
chloride by  heat  and  air.  This  takes  place  in  a 
set  of  furnaces  consisting  each  of  four  narrow 
perpendicular  decomp)osing  chambers,  3  x  1  ^  0-08 
metres  inside,  having  very  thick  walls.  These 
furnaces  are,  each  in  its  turn,  heated  ujj  to  a 
bright  red  heat  by  connecting  them  with  a  mov- 
able regenerative  burner  fed  with  gaseous  fuel. 
When  the  proj^er  temperature  has  been  reached, 
the  burner  is  disconnected  and  moved  on  to  the 
next  furnace,  whilst  the  first  furnace  is  charged 
with  about  8  cwt.  of  magnesium  oxychloride  in 
small  pieces.    This  substance  is  now  rapidly 
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heated  by  the  heat  stored  up  in  the  walls  of  the 
furnace,  a  current  of  heated  air  traversing  the 
chambers  at  the  same  time,  so  that  decomposi- 
tion ensues,  and  a  mixture  of  gases  and  vapours 
containing  both  HCl  and  free  chlorine  passes 
away  along  with  unconsumed  air.  The  residual 
oxide  remaining  at  the  end,  and  containing  from 
15  to  19  p.c.  of  the  chlorine  charged,  is  drawn 
out,  and  tlie  chambers  arc  now  ready  to  be  again 
connected  with  the  regenerative  burners  to  be 
heated  up  for  a  second  operation. 

The  issuing  gases  contain  from  SI  to  85  p.c. 
of  the  chlorine  charged,  of  which  slightly  more 
than  half  is  in  the  state  of  free  Ci,  the  remainder 
as  HCl. 

The  maximum  percentage  of  chlorine  in  the 
gases  is  from  G'25  to  7-78.  They  are  drawn  oil 
from  the  furnace  by  means  of  an  apparatus  con- 
sisting of  two  bells  plunging  into  a  solution  of 
calcium  chloride  and  alternately  moving  up  and 
down,  so  that  the  action  is  a  continuous  one. 
This  aspirator  acts  at  the  end  of  the  condensing 
api^aratus  interposed  between  itself  and  the  fur- 
nace. The  condensing  apparatus  consists  of 
three  parts  : — 1.  A  refrigerator  consisting  of  a 
stone  tower,  in  which  are  arranged,  in  an  inclined 
jjosition,  glass  tubes  through  which  cold  water 
is  kept  ilowing.  Here  most  of  the  water,  with 
but  little  HCl,  is  condensed.  2.  A  set  of  stone 
'bombonnes.'  3.  An  ordinary  condensing  tower 
packed  with  coke.  The  HCl  is  completely  con- 
densed, the  mixture  of  products  from  all  three 
apparatus  forming  an  acid  of  about  IS'^Tw.  The 
residual  gases  containing  all  the  free  chlorine 
are  at  present  utilised  by  being  absorbed  in  milk 
of  lime  for  the  manufacture  of  chlorates. 

The  final  result  is  at  present  that,  of  100 
parts  of  chlorine  put  in  work,  there  is  : 

Lost  in  the  various  manipula- 
tions  500 

Lost  in  drying       ,       .       .    0  37 

  11'27 

Entering  again  into  the  process : 

llemainiiig  in  the  residues  .  13-30 
Condensed  in  the  state  of  HCl  35-'29 

  48-59 

Produced  as  free  chlorine      >  40-14 

Tol>o6 

It  is  believed  that  the  loss  of  01  can  be 
diminished,  and  the  proportion  of  free  chlorine 
can  be  increased,  by  greatly  increasing  the  tem- 
perature of  the  furnace,  which  at  present  is 
about  1,000°C. 

In  the  original  paper  there  arc  detailed  cal- 
culations concerning  the  present  and  the  pro- 
bable future  cost  of  chlorine  by  this  process 
which  we  leave  out,  as  they  must  necessarily  be 
overtaken  by  the  facts  before  this  is  in  the  hands 
of  readers.  The  upshot  of  the  whole  is  that  the 
natural  place  for  the  adoption  of  this  process  is 
8tassfurt,  which  w-ould  then  almost  monopolise 
the  chlorine  trade. 

The  most  recent  patents  referring  to  the 
manufacture  of  chlorine  from  magnesium  chlor- 
ide are  those  of  Heinzcrling  and  Schmid  (G.  1'. 
41,!I9(;);  Konther  (G.  P.  41,351);  Kiugzett  (S. 
C.  I.  1888,  21)2)  ;  Schloesing  (Pat.  11,821,  1887)  ; 
Braniley  (Pat.  8,280,  1887) ;  Mond  and  Eschell- 
maiin  (I'at.  17,273, 18S7) ;  Solvay  (G.  P.  44,865). 
A  very  complete  synopsis  and  criticism  of  the 


recent  processes  for  manufacturing  chlorine 
(and  hydrochloric  acid)  by  means  of  magnesiuia 
chloride  has  been  given  by  Eschellmann  (G.  I. 
1889,  2  ;  comp.  ib.  p.  100). 

Various  projmsals  for  tlie  vianu/actnre  of 
chlorine. —  Chlorine,  by  the  action  of  air  on 
heated  chloride  of  iron  or  on  a  viixture  of  sul- 
phide with  common  salt,  has  been  frequently 

:  patented— Thibicrge,  1855,  Macfarlans,  18G3, 
Longmaid,  1845,  Swindells  and  Nicholson,  1852, 
Deacon,  1871. 

Chlorine  prodttced  hy  passing  HCl  gas  over 
heated  peroxide  of  iron  or  niauijaiicsc  is  the 
subject  of  a  patent  by  H.  Burns,  N'o.  15,418  of 

I  1886. 

Chlorine  byjJermanganatcs  has  been  the  object 

of  patents  by  Tilghman  (1847),  Condy  (1866), 
I  Tessi6  du  Motay  (1871  and  1873). 
I       Chlorine  from  chromatcs  aiul  HCl  has  been 

proposed  to  be  made  by  MacDougal  and 
{  Eawson  (1848),  Peligot  (A.  Ch.  (2)  411,  267), 

Gentele  (1861),  Shanks  (1858),  Glaus  (1867), 

Aubertin  (1873). 

Chlorine  by  heating  metallic  chlorides  icilh 

MnO,  and  SOJL  was  patented  by  Binks  in 

1853.' 

Chlorine  by  the  assistance  of  nitric  acid  or 
7iiti-ates.  Baggs  and  Simpson  (1864)  proposed 
making  chlorine  from  aqua  regia.  Dunlop  (1847) 
patented  the  preparation  of  chlorine  along  with 
nitrous  acid,  by  heating  together  common  salt, 
nitrate  of  soda,  and  suliihuric  acid;  the  nitrous 
acid  is  absorbed  by  vitriol  and  the  chlorine  is 
passed  on  to  bleaching-powder  chambers.  This 
process  has  been  working  for  many  years  at  St. 
KoUox ;  it  was  patented  again  by  lioberts  and 
Dale  in  1868,  and  a  patent  running  on  similar 
lines  is  that  of  J.  Taylor  (Xo.  13,025,  1884). 

Other  processes  employing  nitrates  or  nitric 
acid,  which  have  not  had  any  practical  success, 
are  those  of  Banks  (1839),  Tessie  du  Motay  (Bl. 
22,  p.  48),  Schlosing  (C.  K.  55,  284).  The 
newest  patents  are  those  of  MacPonald,  No.  62, 
1887,  and  Just,  No.  14,857  and  14,859,  of  1888. 

Chlorine  by  the  electrolysis  of  sodium  chloride 
has  been  the  subject  of  many  proposals.  We 
only  mention  the  patents  of  C.  Watt  (1851), 
Dickson  (1862),  Fitzgerald  and  Molloy  (1872), 
Berger-Spence,  and  Watt  (1882).  Geisenbcrger 
(1883),  Bichardson  and  Grey  (1884).  Naudin 
and  Bidet  (Bl.  40,  214)  have  made  a  scientidc 
investigation  of  this  process,  which  does  not  at 
present  olTer  any  prospects  of  success,  so  far  as 
the  actual  manufacture  of  chlorine  compounds 
is  concerned.  It  may  possibly  be  ditt'erent  with 
the  direct  utilisation  of  the  nascent  chlorine  for 
bleaching  purposes,  but  these  processes  (which 
are  equally  in  the  exiierimental  stage)  do  not 
belong  to  the  present  section.  About  L'Hermite's 
process  which  produces  a  bleaching  liquor  from 
magnesium  chloride  by  electrolysis,  v.  infra. 

Chloride  of  lime  or  bleaching  powder.  By 
far  the  greatest  part  of  the  chlorine  iiroduced 
on  a  manufacturing  scale  is  converted  into 
chloride  of  lime  or  blenching  powder.  Otherwise 
most  of  the  hydrochloric  acid  produced  in 
the  process  of  decomposing  common  salt  by 
sulphuric  acid  would  be  wasted;  that  portion  of 
it  which  would  be  required  by  those  preparing 
chlorine  for  bleaching  purposes  etc.  would  cost 
I  any  consumer  not  in  the  immediate  neighbour- 
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hood  of  the  works  mucli  more  than  the  finished 
chloride  of  lime  does  now. 

T)ie  first  to  suggest  the  industrial  applica- 
tion of  chlorine  to  bleaching  was  Berthollet, 
in  1785,  and  in  1789  was  produced  the  liquor 
called  '  Eau  de  Javel,'  manufactured  by  pass- 
ing chlorine  into  a  solution  of  potash.  This 
for  the  first  time  enabled  the  bleacher  to  buy 
his  chlorme  in  an  available  form,  but  it  was 
too  dear  for  most  purposes,  and  so  was  the 
kindred  liquor  made  from  soda.  Both,  espe- 
cially the  latter,  have  still  some  application  in 
special  cases,  but  their  part  is  very  small  in 
comparison  to  that  played  by  the  analogous 
compound,  manufactured  with  the  cheapest  of 
all  bases,  lime.  The  use  of  this  was  first  sug- 
gested by  Charles  Tennant  in  1798,  and  this 
was  all  the  more  important  as  the  alkalis  were 
at  that  time  enormously  dearer  than  they  are  at 
present.  At  first  Tennant  used  milk  of  lime, 
and  thus  obtained  the  solution  known  under 
the  name  of  '  bleach-liquor,'  and  extensively 
manufactured  even  now.  In  1799  he  took  out 
his  patent  for  absorbing  chlorine  by  dry  hy- 
drate of  lime,  and  the  compound  thus  formed, 
'  bleaching  powder,'  was  sold  by  the  St.  Eollox 
Works,  established  in  the  same  year,  at  140Z.  per 
ton. 

Composition  of  hlcacldng powder. — The  union 
of  chlorine  and  lime  seems  to  take  pilace  in  a 
very  direct  way,  and  the  composition  and  many 
of  the  properties  of  the  new  substance  formed 
also  seemed  to  favour  the  assumption  that  it  was 
merely  a  compound  of  CaO  and  CI,;  the  name 
'  chloride  of  lime  '  was  given  to  it  on  this 
assumption.  Long  before  our  present  theories 
made  it  unlikely  that  CaO  could  combine  as 
such  with  chlorine,  Balard,  in  1SH.5,  propounded 
the  theory  that  bleaching  powder  was  a  com- 
pound or  mixture  of  equivalent  25i'oportions  of 
calcium  hypochlorite  and  chloride 

Ca(OCl),H-CaCl.,, 
mixed  with  an  excess  of  calcium  hydrate.  This 
theory,  supported  by  Gay-Lussac  in  1842,  in 
point  of  fact  explains  nearly  all  the  properties  of 
bleaching  powder,  and  does  so  entirely,  if  the 
combination  between  the  hypochlorite  and  the 
chloride  is  understood  to  be  not  a  mechanical 
mixture,  but  a  real  compound,  which,  according 
to  our  present  theories  we  must  regard  as 
CI 

Ca<^^gp  that  is,  calcium  combined  with  the 

negative  radicles  of  both  chloride  and  hypochlor- 
ite ;  the  latter  salts,  however,  do  not  yet  exist  as 
such  in  the  dry  state,  but  are  only  formed  when 
the  compound  is  brought  into  contact  with  water, 
2  molecules  of  Ca(OCl)Cl  splitting  up  into  1  of 
Ca(OCl).,  and  1  of  CaCU.  This  view,  first  men- 
tioned (without  substantiating  it)  by  Odling,  has 
been  very  strongly  supported  by  the  investiga- 
tions of  Lunge,  carried  on  with  Schappi  and 
Naef  in  the  years  1880-1884,  which  proved  that 
calcium  chloride  as  such  does  not  form  a  con- 
stituent of  dry  bleaching  powder,  and  that  the 
excess  of  lime  always  found  in  it  can  be  reduced 
to  so  small  a  quantity  that  none  of  the  theories 
formerly  advanced  in  order  to  explain  the  con- 
stant presence  of  such  excess  of  lime  can  be 
upheld.' 

'  Tlio  litoratnrp  on  the  constitution  of  blL'aching  powder 
previous  to  IHSU  is  collected  iii  Lunge's  Sul)iUuric  Acid  and 


The  preparation  of  lime  for  bleaching 
powder. — The  lime  intended  for  manufacturing 
bleaching  powder  must  be  made  from  as  pure  a 
limestone  as  possible,  and  should  be  most  care- 
fully burned.  The  Tyneside  manufacturers  burn 
it  themselves,  mostly  from  Rouen  cliff  (which  is 
bi'ought  to  the  Tyne  as  ballast  in  colliers).  In 
Lancashire  it  is  obtained  ready  burnt  from 
Buxton  ;  this  lime,  on  slaking,  leaves  all  the 
unburnt  pieces  behind.  Lime  containing  clay 
gives  badly  settling  bleach  ;  iron  and  manganese 
colour  it ;  magnesia  seems  to  interfere  with  its 
stability.  Bleach  made  from  '  fat  '  lime  keeps 
much  better  than  that  made  from  poor  lime. 

Where  the  bleach  manufacturer  burns  his 
own  lime,  it  is  generally  not  done  in  ordinary 
lime-kilns,  but  in  horizontal  furnaces  where  the 
fuel  is  kept  apart  from  the  lime.  Gas  producers 
are  very  useful  for  this  purpose. 

The  burning  ought  to  be  continued  so  long 
that  the  lime  contains  less  than  2  p.c.  CO^.  If, 
however,  the  burning  is  overdone,  the  lime  is 
'  dead,'  it  slakes  badly  and  is  no  more  fit  for 
making  bleach  than  underburnt  lime.  The  lime- 
kilns mostly  used  by  the  Tyne  bleach  manu- 
facturers hold  about  10  tons  and  require  5  tons 
of  coal  for  burning.  The  burning  takes  4  days, 
after  which  the  openings  are  well  plastered  up 
I  and  the  kiln  is  allowed  to  cool  down  for  about 
2  days  before  taking  out  ihe  quicklime. 

The  burnt  lime  is  slaked  by  spreading  it  on  a 
brick  floor  and  gradually  sprinkling  water  over 
it  till  it  has  completely  fallen  to  powder,  after 
which,  it  is  occasionally  turned  over.  All  un- 
burnt or  unslaked  jiieces  must  be  taken  out, 
and  the  whole  must  be  sifted  through  a  re- 
volving sieve  covered  with  wire-gauze  of  2-5 
holes  per  linear  inch.  The  finer  the  lime  is 
sifted  the  better  it  absorbs  the  chlorine.  The 
hydrate  of  lime  is  kept  in  an  air-tight  place  till 
it  is  perfectly  cool,  during  which  time  any  un- 
slaked particles  will  also  be  converted  into 
hydrate. 

Calcium  hydrate  contains  24-5  p.c.  of  water, 
and  the  product  prepared  as  above  ought  to 
approach  this  composition  as  nearly  as  pos- 
sible ;  in  winter  it  may  contain  0'5  p.c.  more. 
Only  then  will  the  strongest  bleaching  powder 
be  obtained.  This  is  the  experience  obtained  at 
Aussig,  but  it  appears  that  in  Lancashire,  both 
for  Weldon  and  Deacon  bleach,  there  is  as 
much  water  used  as  will  allow  the  hydrate  to 
be  sifted  (from  24-5  to  27  p.c). 

The  bleaching  -powder  chambers.  —  The 
chambers  or  '  boxes '  in  which  the  lime  is  ex- 
posed to  the  action  of  chlorine  were  formerly 
often  made  of  tarred  wood,  masonry,  or  stone 
flags,  the  latter  being  frequently  provided  with 
shelves  inside.  For  the  ordinary  strong  chlorine 
gas,  these  have  been  in  England  universally 
replaced  by  large  chambers  of  about  ft.  in 
height,  so  that  a  man  can  work  inside  them,  of 
a  width  of  from  10  to  20  ft.  and  more,  and  up 
to  100  ft.  long.  Their  sides  and  top  are  usually 
made  of  5  or  6  lb.  sheet  lead,  fastened  by  straps 

Alkali,  3,  91-112  ;  of  later  papers,  apart  from  those  men- 
tioued  above,  we  quote  Lun.;e  and  Schappi,  D.  P.  J.  237, 
6.3  ;  Chemische  Industrie,  1880,  246 ;  Kraut,  A.  214,  3.54, 
.and  221,  108;  Lunge  and  Naef,  A.  219,  129;  Lunge,  A. 
223,  11)6  ;  T.  O'.Shea,  J.  C.  S.  43,  210  ;  Dreyfus,  B1.41,  600,; 
Lunge  and  Schoch,  Ber.  1887,  1,474. 
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on  a  timber  frnmc-work,  exactly  like  vitriol 
cliambeis.  In  Lancashire  they  are  frequently 
made  of  cast-iron  flanged  plates  bolted  together, 
and  protected  by  oil-paint  against  the  action  of 
the  gas  ;  but  these  chambers  are  more  expensive, 
and  are  apt  to  contaminate  the  bleach  with  iron  ; 
they  are  also  difficult  and  costly  to  repair.  On 
the  Continent  chambers  made  of  stone  flags,  e.g., 
of  volvic  lava,  are  still  frequently  met  with. 

The  floor  is  made  of  large  stone  flags,  or  of 
coal-tar  asphalt,  the  joint  between  the  sides 
and  the  edge  of  the  floor  being  specially  pro- 
tected by  a  skirting  board  and  asphalt  poured 
behind  it. 

The  chambers  must  be  fitted  with  doors 
(generally  made  of  iron  protected  by  jiaint), 
with  glass  panes  in  two  opposite  doors  for  ob- 
serving the  colour  of  the  gas,  with  '  lutes  '  for 
introducing  the  gas,  and  with  some  contrivance 
for  removing  the  gas  remaining  at  the  end  of 
the  operation  (v.  infra). 

It  is  preferable  not  to  erect  the  chambers 
on  the  ground-level,  but  upon  pillars,  like 
vitriol  chambers,  leaving  about  10  ft.  of  clear 
space  from  the  ground.  In  this  case  the 
packing  of  the  finished  bleach  into  casks  cau 
he  done  without  the  men  entering  the  cham- 
ber, by  means  of  trap-doors  in  the  chamber- 
floor,  with  wooden  hoppers  attached  underneath, 
below  which  the  casks  are  placed,  the  bleach 
being  pushed  down  into  them  from  without  by 
means  of  wooden  rakes. 

Sometimes  several  chambers  are  combined 
to  form  sets,  so  that  the  gas  always  enters  first 
into  a  nearly  finished  chamber,  and  the  excess- 
gas  into  a  freshly  charged  chamber,  where  it  is 
entirely  taken  up. 

Jahno  (D.  J.  283,  287 ;  S.  C.  I.  1887,  3G7) 
gives  a  number  of  observations  made  with  a  set 
of  four  chambers  connected  in  this  way. 

Many  proposals  have  been  made  for  mechani- 
cal absorbing  apparatus  for  chlorine  (Lunge, 
I.e.  1(51-105),  but  none  of  them  seems  to  have 
met  with  permanent  success ;  sometimes  the 
working  parts  are  worn  out  after  a  short  time, 
and  sometimes  the  bleach  produced  in  theiu  is 
too  weak.  Of  course  it  cannot  be  said  that  the 
construction  of  a  mechanical  chlorine  absorber 
for  dry  lime  is  an  impossibility,  but  it  must  be 
difficult  to  construct  unless  a  perfectly  regular 
stream  of  chlorine  gas  is  at  command  and 
efficient  means  are  employed  for  artificially  re- 
moving the  heat  given  off  during  the  absorption. 
New  apparatus  for  the  treatment  of  gases  by 
solids  have  been  patented  by  Mond  (G.  P.  15,710) 
and  Hasenclever  (Pat.  17,012,  1888). 

The  manufacture  of  the  bleaching  powder  in 
the  chambers  lakes  place  in  this  way.  The 
liydrated  lime  is  spread  upon  the  lloor  in  a  layer 
of  ;5  or  4  inches  in  depth  ;  its  surface  is  drilled 
into  furrows  by  means  of  a  wooden  tooth-rake, 
to  assist  absorption.  All  joints  are  plastered  up 
witli  lime-putty,  and  the  gas  is  acbnitted,  leaving 
at  first  an  air-hole  open,  which  is  only  closed 
when  chlorine  issues  from  it.  The  gas  is  at 
first  very  quickly  absorbed,  as  may  be  seen  by 
its  colour  when  looking  through  the  glass-panes, 
ufterwards  much  more  slowly.  If  therp  is  not 
sufficient  care  taken  to  keep  it  free  from  acid  and 
moisture,  lumps  are  formed  which  are  very  in- 
jurious.   Towards  the  end  an  excess  of"  gas 


must  be  put  into  the  cbanibcr.  and  on  this  ac- 
count it  is  preferable  to  lessen  the  pressure  by 
connecting  the  first  chamber  with  a  second  one 
I  charged  with  fresh  lime. 

I  When  the  lime  will  not  absorb  the  chlorine 
as  fast  as  it  enters  the  chamber,  this  is  left  to 
itself  for  12  hours,  or  better  still  for  21  hours, 
after  which  time  the  chlorine  will  nearly  always 
have  been  absorbed. 

It  is  diOicult  to  get  full  strength  bleach  by 
one  operation ;   there  is  alwaj's  a  superficial 
crust  wbich  prevents  the  gas  from  penetrating 
'  right  through.    It  is  therefore  necessary  to  turn 
the  stuff  over  with  spades,  and  drilling  the 
I  surface  again,  whereupon  the  treatment  with 
(  gas  is  repeated.    Sometimes  this  must  be  done 
I  even  a  third  time,  before  the  appearance  of  the 
product  and  the  laboratory  test  show  it  to  be 
'  finished.    It  ought  then  to  consist  of  pretty 
heavy  flakes,  easily  crushed,   but  not  dusty, 
which  can  be  kneaded  with  the  fingers  into  a 
j  tough  paste.    The  laboratory  test  of  a  sample 
I  carefully  taken  from  various  parts  of  the  cham- 
j  ber  ought  to  be  at  least  36  p.c,  better  37  p.c, 
'  as  the  bleach  loses  at  least  1  p.c.  in  packing, 
j  With  impure,  badly  burnt,  badly  slaked,  or 
I  badly  sifted  lime,  with  moist  chlorine  or  such 
as  contains  carbon  dioxide,  no  strong  bleach  can 
be  expected,  and  when  trying  to  force  this  by 
'  gassing '  too  much,  it  will  be  found  that  the 
strength  actually  goes  back,  calcium  chlorate 
and  chloride  being  formed. 

As  it  is  indispensable  to  employ  an  excess  of 
chlorine  in  order  to  finish  the  bleach,  there  must 
b3  always  a  great  quantity  of  unabsorbed  gas  in 
the  chamber  at  the  end,  and  if  no  special  pre- 
cautions are  taken  in  this  respect,  the  opening 
of  the  doors  will  cause  an  intolerable  nuisance. 
This  ought  to  be  prevented  in  any  case.  It  can 
be  done  by  drawing  the  gas  out  of  the  chamber, 
either  by  chimncj'  draught  or  by  mechanical 
means,  and  making  it  to  pass  through  a  milk-of- 
limo  or  even  through  a  hydrate-of-lime  absorber. 

Probably  the  best  means  for  this  end  is  the 
plan  patented  by  Brock  and  Minton  (E.  P.  7.1',)9, 
i  18l)() ;  comp.  23rd  Peport  on  Alkali  itc.  Works, 
58  GO)  who,  before  opening  the  door,  sprinkle 
lime  into  it  by  means  of  a  wooden  hopper  and 
j  fan  fixed  in  the  roof,  in  such  quantity  that  the 
I  free  chlorine  is  entirely  absorbed  without  bring- 
ing down  the  strength  of  the  chamber  below  the 
I  required  point.    There  is  thus  also  an  addi- 
'  tional  yield  of  bleach.    Lime  in  fine  powder  is 
put  into  the  happer  fixed  in  the  roof  of  the 
chamber,  and  is  admitted  into  the  latter  by 
j  means  of  a  valve.    A  vortical  shaft,  inside  a 
box  between  the  hopper  and  the  valve,  is  made 
to  turn  by  a  handwheel,  and,  being  armed  with 
blades,  forms  a  fan  or  distributor,  which  draws 
air  from  the  chamber,  mixes  it  with  the  descend- 
ing lime,  and  causes  this  to  pervade  every  part 
of  the  chamber.    One  such  machine  is  sullicient 
for  a  chamber  of  100  ft.  length,  but  generally 
three  are  provided.    This  treatment  reduces  the 
amount  of  chlorine  in  the  chainber-air  to  less 
than  1  grain  per  cubic  foot  (0"82  on  the  average), 
without  muferially  reducing  tlu-  strength  of  the 
bleach,   which   at   Messrs.  Sullivan   &  Co.'s 
Works  still  tests  37'5  to  38  p.c.  after xiacking^ 
For  a  chamber  of  10  tons  bleach,  finished  with 
a  considerable  excess  of  chlorine,  4-5  cwt.  of 
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lime  (lust  are  tlu'OWD  in,  wliich  produce  C  cwt. 
of  bleach.  It  requires  an  hour  or  two  to  settle, 
but  the  whole  of  the  operaiiou  is  completed  in  3 
hours.  The  doors  can  then  be  taken  down 
without  any  strong  smell  being  perceptible  with- 
in a  few  feet  of  the  chamber,  and  packing  can 
at  once  be  proceeded  with.  The  extra  bleach 
produced  much  more  than  pays  for  the  treat- 
ment. 

For  testing  the  amount  of  chlorine  in  the  air 
of  bleaching-powder  chambers  previous  to  oi5en- 
ing  the  doors,  several  kinds  of  apparatus  have 
been  proposed — e.g.  that  of  Ballard  ('21st  Eeport 
on  Alkali  &c.  Works,  37  ;  2'2nd  do.  55)  and  of 
Stark  (S.  C.  I.  1885,  311).  Ballard's  apparatus 
consists  of  a  cylindrical  glass  jar,  closed  at 
the  top  by  an  indiarubber  cork  through  which 
the  nozzle  of  a  4-ounce  enema  ball  (finger 
pump)  passes,  as  well  as  an  elbow  tube  reach- 
ing down  to  the  bottom.  The  lower  end  of 
this  tube  is  closed  at  the  lamp  so  as  to  leave 
an  opening  fine  enough  for  a  needle  only  to  pass 
through.  The  horizontal  branch  of  this  tube  is 
inserted  in  the  side  of  the  chamber  at  a  point 
about  two  feet  from  the  bottom.  When  com- 
pressing the  ball,  the  air  is  driven  out  by  a 
small  hole  made  in  the  nozzle  just  above  the 
cork  ;  this  is  now  closed  by  the  finger,  and  on 
relaxing  the  pressure  the  ball  will  expand,  and 
will  cause  4  ounce  measures — that  is,  J;  of  a 
cubic  foot  — of  cliamber-air  to  enter  into  the  jar 
and  bubble  through  the  test  solution  contained 
tiierein.  This  is  continued  till  the  end  of  the 
reaction  is  indicated  by  the  test-liquor  turning 
blue.  The  latter  consists  of  3'485  grains  of  ar- 
senious  acid,  dissolved  in  sodium  carbonate  and 
rendered  neutral  by  sulphuric  acid,  250  grains 
potassium  iodide,  50  grains  precipitated  chalk, 
10,000  grains  of  water,  6-10  drops  ammonia. 
For  each  test  400  grains  are  used,  adding  a  little 
starch  jjaste  at  the  time  of  using.  When  2.^- 
grains  of  chlorine  per  cubic  foot  is  present  in 
the  chamber-air,  ten  aspirations  of  the  cliloro- 
meter  will  cause  a  blue  colour  to  appear ;  if 
more  aspirations  are  needed,  there  is  less  chlor- 
ine present  and  vice  versa.  Stark's  apparatus 
attains  the  same  end,  not  by  the  finger  pump 
(which  is  certainly  a  somewhat  rough  instru- 
ment), but  by  a  gas-burotte  on  the  Orsat 
jjrinciple. 

The  following  rules  are  recommended  by  the 
Chief  Inspector  of  Alkali  &a.  Works  (Mr.  A.  E. 
Fletcher),  in  his  twenty-first  Eeport,  p.  12  : 

I.  Bleaching-powder  chambers  should  con- 
tain not  less  than  200  square  feet  of  floor  space  for 
every  ton  of  powder  made  in  them  per  week.  If 
there  is  less  space  the  work,  and  especially  the 
packing,  must  be  hurried  too  much. 

II.  The  chambers  should  be  so  arranged  and 
connected  together  that  the  residual  chlorine 
from  a  finished  chamber  may  be  drawn  into  one 
containing  fresh  lime,  unless  some  other  means 
be  employed  for  absorbing  it  (such  as  Brock  and 
Minton's  plan  described  above).  The  air  finally 
discharged  into  the  atmosphere  or  into  a  flue  or 
chimney  must  not  contain  more  chlorine  than 
2^  grains  per  cubic  foot. 

III.  No  chamber  should  be  opened  when  the 
air  in  it  contains  more  than  2^  grains  of  chlorine 
per  cubic  foot.  In  testing  for  this,  the  air 
should  be  drawn  from  a  point  not  more  than 


2  feet  above  the  chamber  floor,  and  taken  from 
the  draught  end. 

IV.  No  chamber  maybe  opened  until  the  air 
in  it  has  been  tested,  and  the  result  of  such  test 
entered  in  a  book. 

V.  No  chamber  may  be  opened  except  in 
dayliglit. 

It  is  very  important  to  prevent  the  tempera- 
ture from  rising  too  much  during  the  absorbing 
process.  Contrary  to  some  assertions,  bleaching 
powder  is  all  the  better  the  cooler  the  chambers 
are  kept.  For  this  reason  lead  or  iron  boxes 
are  preferable  to  brick  or  stone  chambers,  and 
it  is  always  easier  to  make  strong  bleach  in 
winter  than  in  summer.  It  is  stated  that,  even 
during  the  heat  of  summer,  strong  bleach  can 
be  made  by  diluting  the  chlorine  with  60  p.c.  of 
air  by  means  of  an  air-pump;  in  this  case  the 
rise  of  temperature  is  never  too  high,  there  is 
no  crust  formed  on  the  top,  and  the  bleach  can 
be  regularly  kept  at  38  p.c.  This  is  also  the 
object  of  a  patent  by  Opl  (G.  P.  23,587,  1883), 
who  uses  chambers  cooled  by  water  from  the 
outside,  as  well  as  diluted  and  specially  purified 
chlorine,  for  making  the  strongest  bleach. 

The  absorption  of  weak  chlorine,  that  is, 
chlorine  diluted  with  very  much  nitrogen  and 
oxygen,  as  it  is  obtained  in  the  Deacon  process, 
and  in  most  of  the  processes  proposed  for  deal- 
ing with  calcium  and  magnesium  chlorides, 
cannot  be  carried  out  in  the  ordinary  chambers. 
The  most  efficient  plant  for  this  purpose  seems 
to  be  that  worked  out  by  Deacon  himself.  The 
absorbing  space  is  immensely  increased,  and  at 
the  same  time  the  process  is  made  a  continuous 
operation  by  employing  a  large  number  of  cham- 
bers, each  of  them  provided  with  a  number  of 
shelves,  and  connecting  them  in  such  a  way  that 
the  fresh  chlorine  gas  always  enters  the  chamber 
in  which  the  bleach  is  nearly  finished,  and  the 
last  gas,  then  containing  only  traces  of  chlorine, 
is  passed  through  a  chamber  just  charged  with 
fresh  lime.  Tliese  chambers  cannot  very  well 
be  made  of  any  other  material  than  of  stone, 
slate,  sandstone  flags,  volvic  lava,  Ac.  The 
distributing  pipes  are  of  cast  iron.  The  cham- 
bers are  arranged  in  pairs,  the  gas  being  made 
to  pass  down  the  one  half  and  up  the  other  half 
of  the  pair. 

Practically  a  set  of  Deacon  chambers  for 
producing  25  tons  of  bleach  per  week  consists 
of  seven  double  chambers  with  sixteen  shelves 
each,  with  a  total  area  of  1,250  square  feet, 
upon  which  18^  cwt.  of  calcium  hydrate  can  be 
laid  "I  inch  deep  (which  is  the  greatest  thick- 
ness practically  applicable  in  this  case).  Every 
sixteen  hours  one  of  the  pairs  of  chambers 
comes  in  turn  to  be  drawn  and  recharged. 
Hurter  (D.  P.  J.  223,  200,  417  ;  224,  424)  lias 
proved  that  it  is  more  advantageous  to  convey 
the  gas  in  a  downward  than  in  an  upward  direc- 
tion. He  has  albo  shown  that  such  chambers 
would  not  be  applicable  to  strong  chlorine,  as 
then  the  temperature  would  rise  to  70°  or  80° 
C,  but  in  the  p)resent  case  the  inert  gases,  of 
which  there  are  about  90  p.c.  present,  prevent 
the  temperature  rising  to  any  hurtful  extent. 

Solvay  (E.  P.  7,259,  1885)  treats  the  dilute 
chlorine  obtained  from  his  process  from  calcium 
chloride,  by  placing  the  lime  in  a  layer  of  suit- 
able thickness  on  beds  of  porous  mineral  matters, 
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Buch  as  pebbles  or  asbestos  cloth,  and  causing 
the  diluted  chlorine  to  pass  downwards  through 
the  same.  If  the  gases  pass  upwards,  channels 
are  soon  formed  and  irregularity  ensues. 

The  yield  of  bleaching  powder  may  be  taken 
as  I5  times  the  weight  of  the  calcium-hydrate. 
With  very  good  work,  106  parts  of  strong 
bleach  can  be  obtained  from  100  Ca(OH).,.  The 
amount  of  MnO..  required  for  making  100  parts 
of  bleach,  testing  3G  p.c.  in  the  chamber,  is  by 
theory,  41  parts,  i.e.,  03  parts  of  70  p.c.  ore. 
Practically  never  less  than  75,  and  on  an  aver- 
age 90  parts  of  70  p.c.  ore  is  consumed,  prin- 
cipally owing  to  the  incomplete  utilisation  of 
the  ore. 

The  quantity  of  hydrochloric  acid  varies 
even  more  with  the  method  employed.  100 
parts  of  30  p.c.  bleach  contain  as  much  chlorine 
as  37  parts  dry  HCl  =  110  acid  of  32°  T\v.,  or 
the  quantity  obtainable  from  05  parts  of  com- 
mon salt  (testing  92  p.c.  NaCl).  When  working 
with  (native  or  recovered)  MnO.j,  even  theory 
requires  doubling  those  quantities,  as  MnClo 
must  be  formed  ;  the  Deacon  process  and  others 
thcoreticalhj  utilise  all  the  chlorine  of  NaCl  ; 
but  in  all  cases  practically  a  large  excess  of  acid 
has  to  be  employed.  In  ordinary  practice  1  ton 
of  30  p.c.  bleach  can  be  made  by  the  old  process 
from  4  tons  of  salt,  but  in  France,  working  very 
carefully  with  small  stills,  very  much  better 
results  are  stated  to  be  attained  — namely,  1  ton 
of  bleach  from  3  tons  of  acid  of  30°Tw. 

The  results  obtainable  with  the  Weldon  and 
Deacon  processes  have  been  stated  in  another 
place. 

Bleaching  powder  must  be  packed  in  very 
■well-made  casks,  preferably  made  of  hard  wood, 
and  lined  with  strong  brown  paper,  both  round 
the  sides  and  at  the  ends.  The  latter  are  some- 
times secured  by  a  coat  of  plaster  of  Paris. 
This  is  done  in  order  to  prevent  the  access  of 
air,  which  iiuickly  deteriorates  the  powder  both 
by  its  moisture  and  its  carbonic  acid.  J.  C. 
Steele  (E.  P.  3,902,  1881)  recommends  packing 
it  in  boxes  made  of  shavings,  paper,  or  paste- 
board, pasted  up  and  then  well  soaked  in  melted 
wax  or  parallin  (of  course  only  for  retail  pur- 
poses). 

The  packages  must  be  kept  in  cool,  dry 
places ;  both  rain  and  sun  would  quickly  spoil  the 
bleaching  powder,  even  if  packed  in  good  casks. 

Propcrlics  of  bleaching  powder.  —  Good 
bleaching  powder  is  a  pure  white  powder,  often 
mi.\ed  with  lumps  which,  however,  ought  to  be 


transformed  to  the  core,  and  which  are  often 
removed  by  riddling.  It  has  a  peculiar  smell, 
quite  different  from  that  of  chlorine,  and  not 
owing  to  hj-pochlorous  acid,  since  it  is  just 
as  perceptible  in  alkaline  solutions,  or  on  the 
skin  after  washing  with  soap,  Ac.  It  may  pos- 
sibly be  due  to  the  action  of  the  compound  upoa 
organic  matter. 

In  the  air  bleaching  powder  attracts  mois- 
ture and  carbonic  acid,  and  gradually  changes 
into  a  i^asty  mass.  Mixed  with  a  little  water,  it 
forms  a  stitf  paste,  with  a  perceptible  swelling 
and  rise  of  temperature ;  this  is  probably  caused 
by  the  transformation  of  2CaOCl..,  into  Ca(OCl)j 
and  CaCl... 

Bleaching  powder  decomposes  gradually  even 
in  closely  stoppered  bottles  or  well  protected 
casks.  The  presence  of  hght,  heat,  moisture, 
and  carbonic  acid  greatly  accelerates  this  change  ; 
so  does  shaking,  e.g.  in  transit.  Hence  the 
strength  of  bleach  is  usually  only  guaranteed  at 
the  place  of  shipment,  but  it  ought  not  to  lose 
above  2  or  at  most  3  p.c.  by  a  few  weeks' 
journey. 

Experiments  on  the  rate  at  which  bleaching 
powder  loses  its  available  chlorine  have  been 
made  by  J.  Pattiuson  in  1874  (C.  N.  29,  143), 
and  188G  (S.  C.  I.  1880,  587).  He  experi- 
mented in  the  first  case  with  samples  kept 
in  loosely  corked  bottles,  sheltered  from  direct 
sunlight,  and  found  that  these  lost  on  an 
average  0'33  p.c.  monthly  from  February  to 
April,  0'80  from  June  to  September,  0'28  from 
November  to  January.  The  greatest  loss  oc- 
curred in  August,  viz.,  1'4  p.c.  per  month.  In 
the  course  of  twelve  mouths  the  strength  of 
28-7  p.c.  bleach  came  down  to  20'8 ;  that  of 
37-0  p.c.  to  28'2  or  sometimes  not  lower  than 
32-3  p.c. -  thus  showing  that  weak  bleach,  con- 
trarj'  to  the  formerly  general  assumption,  is  uo 
more  stable  than  strong. 

On  the  second  occasion  he  examined  the 
bleach  by  storing  it  both  in  casks  (marked  A, 
B,  and  C)  and  in  bottles,  both  of  them  kept  in  a 
cellar  where  the  variations  of  temperature  only 
ranged  from  5°  to  17"C.  (of  course,  as  he  points 
out,  in  i^ractice  the  bleach  will  mostly  have  to  be 
stored  in  places  where  the  temperature  in 
summer  reaches  21-27''C.,  so  that  the  loss  of 
chlorine  will  be  greater  than  in  his  experiments). 
The  change  produced  by  keeping  for  twelve 
months  (detailed  statements  are  given  for  each 
month  in  the  original)  was  as  follows  (in  per 
cent.) : — 


Original  (ivniluWo 
Cliloriiic 

Loss  of  nv.iiUblo 
Cblorine 

liOss  of  total 
Chlorine 

Miiterial  serving  for 
manufacture 

Casks 

Bottles 

Casks 

Bottles 

A.  37-00 

3-20 

2-30 

1-.36 

0-Sfi 

Irish  limestone 

B.  3S-30 

3-20 

1-80 

1-45 

0J3 

ditto 

C.   30  00 

3-10 

1'80 

1-71 

0-08 

French  cliff 

If,  however,  it  is  taken  into  account  that 
the  bleach  in  the  casks  absorbed  carbonic  acid 
nnd  water  from  the  atmosphere  during  the  year, 
ftnd  thereby  increased  in  weight,  it  is  f(3und  that 
the  loss  both  of  available  and  total  chlorine  is 
but  slightly  greater  in  casks  than  in  bottles. 


The  small  quantity  of  chlorate  originally  present 
(about  i  p.c.)  was  found  to  have  vanished  com- 
pletely after  four  months.  Some  HOCl  must 
hence  have  been  driven  out  by  CO.,,  and  a  little 
more  CaOCl.j  (as  well  as  the  chlorate)  must  have 
given  up  oxygen  in  order  to  form  CaCL. 
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The  experiments  inade  by  Lunge  and  Lan- 
dolt  (J.  S.  D.  and  C,  1885,  Nov.  25),  with  bleacli- 
liquor  have  also  shown  that  the  action  of  tlie 
air  is  notliing  Hive  so  injurious  to  the  stabihty  of 
such  sohitions  as  that  of  the  light,  which  ought 
to  be  excluded  by  all  means.  Solutions  kept  in 
the  dark,  in  closed  vessels,  remained  practically 
unchanged  up  to  the  twenty-fourth  day,  and  up 
to  the  thirty-third  day,  when  the  experiment  was 
finished,  the  strength  had  only  decreased  from 
29'58  to  29'12  p.c.  Kept  in  open  vessels  in  the 
dark,  they  remained  unaltered  up  to  the  twelfth 
day ;  on  the  thirty-third  day  they  had  lost  3-30p.c. 
But  when  kept  in  closed  vessels  in  diffused  day- 
light, the  decomposition  set  in  at  once,  and  on 


the  thirty-third  day  only  8'52  p.c.  remained  of 
33'02  p.c.  originally  present.  Solutions  of 
chloride  of  magnesia  behaved  similarly  to  those 
of  chloride  of  lime ;  those  of  zinc  or  aluminium 
hypochlorite,  as  might  be  expected,  were  much 
less  stable. 

A  few  experiments  made  by  Thiimmel  (Ar.  P. 
22,  pt.  1  (1834)),  also  prove  that  ligiit  has  much 
more  action  on  bleaching  powder  than  exposure 
to  air. 

The  following  complete  analyses  of  the 
samples  of  bleaching  powder  investigated  by 
J.  Pattinson  [v.  supra)  may  serve  as  an  example 
of  the  best  descriptions  of  the  commercial 
article  : — • 


A 

B 

c 

made  of  Irish  limestone 

made  of  Irish  limestone  by 

maile  of  French 

(from  Lanio) 

another  manufacturer 

cliff 

Available  chlorine  . 

37-00 

38-30 

30-00 

Chlorine  as  chloride 

0-35 

0-59 

0-32 

Chlorine  as  chlorate 

0-25 

0-08 

0-2G 

Lime  .... 

44-49 

43-34 

44-00 

Magnesia 

0-40 

0-31 

0-43 

Peroxide  of  iron 

0-05 

0-04 

0-02 

Alumina .... 

0-43 

0-41 

0-33 

Oxide  of  manganese 

trace 

trace 

trace 

Carbonic  acid  . 

0-18 

0-30 

0-48 

Siliceous  matter 

0-40 

0-30 

0-50 

Water  and  loss  . 

10-45 

10-33 

17-00 

100  00 

100-00 

100-00 

Total  chlorine  . 

37-00 

38-97 

3G-58 

The  following  are  the  analyses  of  bleaching 
powder  made  in  the  author's  laboratory,  by 
Schiippi,  from  perfectly  pure  lime  and  with  the 
greatest  care,  so  as  to  obtain  the  strongest  jjos- 
sible  product : — 

Available  chlorine  .  .  .  43-13 
Chlorine  as  chloride  .       .       .  0-29 

Lime  39-89 

CO.,  0-12 

H.,6  (direct  estimation)     .       .    17  00 
Calculated  as : 

CaOCl,  -h  H  O    .       .       .       .  88-08 

CaCOj'  090 

CaCL,  0-45 

Ca(OH),  0-74 

H,,0  not  combined    .       •       •     3  77 


100-00 

The  small  quantity  of  unchanged  calcium 
hydrate  is  proof  for  the  opinion  that  this  ismerely 
lime  mechanically  protected  against  the  action 


of  chlorine  by  the  bleaching  compound  CaOCL, 
previously  formed. 

A.  E.  Fletcher,  in  a  paper  read  before  the 
British  Association  in  1887,  gives  the  following 
figures  for  the  production  of  bleaching  powder  in 
the  United  Kingdom,  including  chlorate  of 
potash  (taking  1  ton  of  this  =  5  tons  of  bleach- 
ing powder,  which  is  certainly  too  low,  7  or  8 
tons  being  the  real  equivalent). 


Year 

Tons 

j  Year 

Tons 

1877 

105,529 

1882 

135,170 

1878 

105,044 

1883 

141,868 

1879 

115,290 

1884 

128,651 

1880 

131,606 

1885 

132,761 

1881 

135,826 

1886 

136,234 

According  to  I.  Levinstein  (S.  C.  I.  1886, 
356),  the  export  of  bleaching  powder  from  Eng- 
land and  its  value  were  as  follows  : — 


1883 

1884 

lS8o 

Ijxported  quantity,  tons  . 

Value  

Market  value  per  ion,  from 

ditto              to  . 

ditto              in  1886  . 

80,030 
£480,278 
£4    7  6 
£9  10  0 
£5  12  6 

80,030 
£061,400 
£9  10  0 
£7  10  0 

75,407 
£507,345 
£0  10  0 
£6    5  0 

Liquid  chloride  of  lime  or  Bleach-liquor. 

Formerly  many  bleachers  used  to  make  their 
cliloride  of  lime  by  passing  chlorine  gas  into  or 
over  milk  of  lime.  This  is  now  done  at  such 
Vol.  1.—T 


alkali  works  as  are  conveniently  near  bleach 
works,  so  that  the  cost  of  carriage  of  bleach- 
liquor  is  not  considerable,  and  is  more  than 
counterbalanced  by  the  gain  of  fully  saturating 
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the  lime,  and  especially  that  of  saving  the  trouble 
and  loss  in  dissolving  the  bleaching  powder  pre- 
vious to  using  it. 

On  a  laboratory  scale  the  chlorine  would  be 
passsd  into  the  milk  of  lime.  On  tlie  large  scale 
this  cannot  be  conveniently  done,  and  is  replaced 
by  bringing  the  chlorine  into  contact  with  a  con- 
tinually renewed  surface  of  the  absorbent.  This 
might  be  done  in  towers  on  the  principle  of  acid- 
condensers,  but  there  are  some  drawbacks  to 
this,  and  the  general  plan  is  to  employ  cast- 
iron  vessels  provided  with  mechanical  agitators 
so  constructed  that  the  liquid  is  not  merely  cir- 
culating round  and  round,  but  that  its  surface  is 
continually  renewed.  In  most  cases  these  are 
cylinders  standing  on  their  base,  with  a  vertical  I 
agitating  shaft  and  horizontal  arras  ;  horizontal 
agitating  gear  is  much  more  efficient,  but  is  more 
troublesome,  owing  to  the  necessity  of  passing 
the  axle  through  stuffing-boxes  in  the  sides  of 
the  vessel.  Even  with  the  ordinary  upright  cy- 
linders, the  absorption  of  chlorine  is  quite  corn- 
plete,  if  three  or  more  vessels  are  used  in 
succession,  so  long  as  the  agitator  is  at  work, 
but  the  al5sorption  ceases  almost  the  moment 
the  agitation  ceases,  from  one  cause  or  another. 

In  making  bleach  liquor,  the  agitators  are 
charged  with  a  milk  containing  about  1  to  I5 
lbs.  of  slaked  lime  per  gallon  of  water.  The 
chlorine  must  not  be  evolved  too  fast,  because 
this  causes  too  great  a  rise  of  temperature.  The 
rule  is  not  to  exceed  32°,  or  at  most  37°C. ;  over 
this  point  the  hypochlorite  is  very  quickly 
changed  into  chlorate  (comp.  Potassium  chlor- 
ate). It  is  very  desirable  that  the  absorbers 
should  be  surrounded  by  a  cold-water  jacket,  to 
avoid  that  contingency.  When  the  sp.gr.  has 
risen  to  I-O-IO,  the  operation  is  stopped  by  turning 
the  gas  on  to  the  next  agitators  ;  the  first  vessel, 
after  the  charge  has  been  run  olT  and  it  has 
been  relillcd  with  fresh  milk  of  lime,  will  now 
be  the  last  of  the  series. 

Weil-finished  bleach  liquor  contains  a  very 
small  quantity  of  free  lime,  generally  \vitli  a 
slight  excess  of  CaCl,,  or  of  Ca(C10,),.  The  bulk 
of  the  chlorine  is  present  as  Ca(OCl)o  + CaClo. 

A  much  more  active,  but  very  quickly  decom- 
posing bleach  liquor  is  obtained  by  employing, 
in  lieu  of  Ca(OH)..,  calcium  carbonate,  in  which 
case  free  hypochlorous  acid  is  formed. 

CaCOa  -I-  4CU  H,0  =  CO,  +  2H0C1  +  CaCl,. 
Such  liquor,  to  be  made  from  the  lime-nmd  ob- 
tained in  causticising  soda,  has  been  patented  by 
Deacon  (1S72).  It  is  also  produced  in  some  pro- 
cesses for  dealing  with  weak  chlorine  by  Wcldon 
and  Solvay,  in  which  case  it  is  afterwards  to 
furnish  strong  chlorine  by  decomposing  it  with 
acids  ;  but  this  has  never  been  practised  on  a 
working  scale,  and  would  be  undoubtedly  too 
expensive. 

Chloride  of  potash  {Eati  do  Javcl).  This 
liquor  was  fast  made  in  17i)2  at  the  Javel  works 
near  Paris,  and  was  the  first  bleaching  compound 
known.  It  was  then  made  by  passing  chlorine 
into  a  solution  of  potashes  (crude  potassium 
cnrbnnnte)  in  eight  parts  of  water.  This  liquor 
is  rarely  made  now,  because  it  has  been  replaced 
by  the  cheaper  compound  made  from  soda,  which 
has  now  mostly  usurped  its  name. 

Chloride  of  soda  {Kau  dc  Labarraqnc,  usually 
called  hJau  de  Juvvl ;  Chlorozonc).    This  liquor 


I  can  be  made  by  passing  chlorine  into  a  .solution 
of  sodium  carbonate  in  10  parts  of  water  till  the 
1  liquid  begins  to  effervesce  and  bleaches  litmus. 
In  that  case  it  contains  more  or  less  free  hypo- 
chlorous  acid,  according  to  the  equations  : 
Na  ,C0,  +  2C1  +  H  .0  =  NaCl  +  NaHCO,  +  HOCl 
Na.COj  +  4C1  +  H.O  =  2XaCl  +  CO, -¥  2H0C1. 
Quite  a  different  solution  is  obtained  by 
adding  to  a  solution  of  bleaching  powder  sodium 
carbonate  or  sulphate  till  no  further  precipitate 
is  caused.    The  lime  is  then  precipitated  as 
CaCOj  or  CaSO,,  and  a  mixed  solution  of  NaCl 
and  NaOCl  remains.    If  in  lieu  of  ordinary  soda 
ash,  bicarbonate  is  employed,  the  result  will  be 
very  similar  to  that  obtained  with  free  chlorine : 

CaOCl.-fXaHC03  =  CaC05-f  NaCl  +  HOCl. 
The  precipitate  in  this  case  settles  better  than 
with  Na,'  Oj. 

The  liquors  containing  free  HOCl  have  much 
more  bleaching  power  than  those  containing 
sodium  hypochlorite,  but  they  keep  very  badly, 
the  HOCl  partly  volatilising  and  partly  losing 
its  oxygen.  Such  a  liquor  is  also  obtained  by 
passing  CO.,  into  the  ordinary  neutral  chloride 
of  soda  solution  (Barnett  and  Slade"s  patent, 
1872). 

As  an    inodorous   '  bleadi-liquor,"    C.  A. 

Martin  (D.  J.  24-5,  4G),  proposes  to  add  to  a 
solution  of  bleaching  powder  portions  of  the 
following  solutions— (1)  500  grams  KNO^  in  10 
litres  of  a  5°  solution  of  aluminium  sulphate ; 
(2)  100  grams  salicylic  acid  in  1  litre  spirit ;  (3) 
oOOgiams  KNOjandoOO  grams  Na,SOj  in  5  litres 
water.  The  result  is  stated  to  be  increased 
efficacy  of  the  bleaching  solution,  together  \\\\\\ 
the  absence  of  the  usual  odour  of  chlorine- 
bleached  goods. 
I  The  name  '  chlorozone '  has  been  given  by 
Count  Dicnheim-Brochocki  to  a  number  of  pre- 
parations, patented  in  1876  and  subsequently 
down  to  1885,  produced  by  passing  chlorine 
along  with  atmospheric  air  into  a  solution  of 
caustic  soda,  either  in  such  a  way  that  all  is 
converted  into  NaCl  +  HOCl,  or  that  a  mixture 
!  remains  containing  NaOH.  Lunge  and  Landolt 
I  have  shown'  that  the  action  of  air  is  ;ii7,  and 
that  the  advantages  claimed  for  thlcrozone  arc 
'  quite  illusory.  This  is  fully  confirmed  by 
Storch."  It  is  very  unlikely  that  the  most 
recent  patent  of  the  inventor  of  chlorozone 
(G.P.  34,010),  which  involves  the  aid  of  electricity 
for  'ozonising'  tlic  oxygen  given  oil  (by  l)a<l 
work)  in  the  treatment  with  chlorine  will  lead 
to  a  different  result. 

Bleach-liquors  containing  magnesia,  zinc,  or 
alumina,  all  of  them  obtained  by  adding  the 
sulphates  of  these  bases  to  a  solution  of  bleach- 
;  ing  powder,  are  sometimes  used  for  special 
1  purposes  because  they  have  a  more  rapid  action 
than  chloride  of  lime.    Their  properties  have 
!  been  fully  investigated  by  Lunge  and  Landolt  in 
the  above  mentioned  memoir.    They  are  never 
manufactured  for  sale,  but  prepared  by  the  users 
themselves. 

A  very  efficient  bleaeh-liqnor  is  prepared, 
according  to  L'Hermitc,  by  the  electrolysis  of 
magnesimn  chloride.  It  is  possible  that  this  is 
only  due  to  the  formation  of  free  HOCl,  but 

'  Journ.  Soc.  Dyers  and  Colonrist<;,  Nov.  2.5, 1885. 
••'  Bcr.  d.oesterr.chem.Gcsellscb.  18S5,p.  102;  Fisclieca 
Jahr.  1885,  p.  266.   
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much  more  than  that  is  chiimed  for  the  L'Her- 
mite  process  by  Bevan  and  Cross  (S.  C.  I.  1887, 
170 ;  1888,  292),  whose  conclusions  have  been 
very  strongly  contested  by  Hurter  (ib.  1887,  337 ; 
1888,  726  and  737).  Comp.  also  Jiirisch  (C.  J. 
1888,  100).  The  whole  subject,  however,  belongs 
more  to  the  domain  of  bleaching  than  to  the 
manufacture  of  chlorine  compounds. 

Potassium  chlorate.  This  salt  is  always 
manufactured  by  the  process  first  indicated  by 
Liebig  :  i.e.  saturating  milk  of  lime  with  chlorine 
under  such  conditions  that  calcium  chlorate  is 
formed,  and  afterwards  decomposed  by  potassium 
chloride.  For  lime  sometimes  magnesia  is  sub- 
stituted (;'.  infra).  The  reactions  are: 
(1)  CCa(OH)„  +  12C1  =  5CaCl.,  +  Ca(C10,).,  +  6H„0. 

(2)  Ca(C10;,),,  +  2KC1  =  2KC10,  +  CaCL. 
Hence  only  one-sixth  part  of  the  chlorine  em- 
ployed   is,  even    by  theory,    converted  into 
chlorate. 

The  first  reaction  is  the  formation  of  calcium 
hypochlorite  and  chloride,  that  is,  ordinary 
birach-liquor;  thus: 

(3)  2Ca{OH),-,-4Cl  =  Ca(OCl),  +  CaC!,-(  2H,0. 
Under  certain  conditions  the   calcium  hypo- 
chlorite is  subsequently  changed  into  a  mixture 
of  chlorate  and  chloride  : 

(1)  3Ca(0CI),  =  Ca(C10,),  +  2CaCl,. 
There  is,  however,  a  concurrent  change,  which 
must  be  avoided,  as  it  involves  a  great  loss, 
namely,  the  splitting  up  of  hypochlorites  into 
chloride  and  oxygen : 

(.5)  Ca(0Cl),,=  CaCl,-h20. 

The  conditions  under  which  these  changes 
occur,  which  were,  of  course,  known  in  a  general 
way  before,  have  been  exactly  investigated  by 
Lunge  and  Landolt  (S.  C.  I.  1885,  722).  They 
operated  with  a  strong  bleach-liquor,  composed 
according  to  the  above  equation  (3).  When 
gradually  heating  this  by  itself  for  three  hours 
up  to  GO"C.  there  was  no  perceptible  change. 
Chlorate  begins  to  be  formed  by  e(iuation  (4), 
when  heating  another  hour  to  70°,  more  so  when 
heating  another  two  hours  to  90°  ;•  but  even 
after  two  hours'  full  boiling  (altogether  seven 
hours'  heating),  not  much  above  j  of  the  avail- 
able chlorine  originally  ijresent  has  been  em- 
ployed for  the  production  of  chlorate,  according 
to  equation  (4).  Oxygen  begins  to  be  given  oif 
from  the  first,  and  in  the  end  the  reaction  (.5) 
prevails  over  (4).  Hence  the  conversion  of 
hypochlorite  into  chlorate  by  mere  heating  is  a 
very  unfavourable  process. 

A  second  way  of  converting  hypochlorite  into 
chlorate  consists  in  saturating  the  solution 
with  chlorine.  This  even  at  15°  causes  70  p.c. 
of  the  CaOCl_,  to  pass  into  chlorate.  On  gradu- 
ally heating  the  solution  the  reaction  is  quick- 
ened as  soon  as  the  temperature  exceeds  40°, 
and  it  is  complete  at  the  boiling-point.  Hence 
the  presence  of  an  excess  of  chlorine  is  a  i^re- 
ventative  against  the  reaction  {'>). 

Most  probably  the  excess  of  chlorine  acts  as 
follows : 

(G)  Ca(OCl)„  -I-  4C1  +  2H  ,0  =  CaCl,,-f  4H0C1. 
(7')  2Ca(0Cl).,  +  4HOC1 
=  CaCI,,-f  Ca(C10j,  +  4C1  +  2B..fi. 
That  is,  the  fre'e  chlorine  acts  only  as  a  carrier 
of  oxygon  from  two  molecules  of  calcium  hypo- 
chlorite upon  a  third;  the  first  two  are  reduced 
to  chloride,  the  third  is  oxidised  to  chlorate,  and 


the  free  chlorine  is  fully  regenerated  in  the  end. 
The  conclusions  to  be  drawn  for  practice  from 
Lunge  and  Landolt's  experiments  are  as  follows. 
The  complete  conversion  of  hypochlorite  into 
chlorate  is  not  effected  either  by  mere  heating  or 
by  a  mere  excess  of  chlorine,  but  both  must  act  at 
the  same  time.  A  very  large  excess  of  chlorine 
is  useless,  perhaps  even  injurious.  On  the  large 
scale  the  heat  generated  by  the  reaction  sulMces 
to  complete  the  process.  It  is  very  injurious 
to  allow  the  liquor  to  get  heated  unless  tliere  is 
an  excess  of  chlorine  present,  because  there  is 
then  a  considerable  loss  of  chlorate  from  tlie 
escape  of  oxygen. 

Practically,  chlorate  of  potash  is  manufactured 
in  the  following  way.'  Milk  of  lime  is  exjjosed 
to  the  action  of  chlorine  in  vessels  provided 
with  agitating  gear,  so  that  continually  new 
surfaces  are  offered  to  the  action  of  the  gas 
which  in  this  case  is  quickly  absorbed,  and  com- 
pletely so  if  the  gas  partially  taken  up  in  the 
first  vessels  is  ultimately  brought  into  contact 
with  fresh  lime  contained  in  the  last  vessel. 
Formerly  the  absorbing  vessels  were  made  of 
stone,  in  an  octagonal  shape,  and  hence  were 
called  '  octagons,'  which  name  is  sometimes 
even  now  used  for  the  cylindrical  cast-iron 
vessels  which  have  universally  displaced  the 
real  stone  octagons.  Such  cylinders  (as  shown 
in  fig.  10)  are,  e.g.  10  feet  wide  and  5  feet  6  inches 


Fig.  10. 


high,  provided  with  a  central  vertical  shaft  a 
and  agitating  arms  b,  so  contrived  that  they 
cause  the  liquid  to  well  up  and  continually  bring 
new  portions  of  it  to  the  surface.  The  shaft 
passes  through  an  opening  in  the  cover  so  con- 
structed as  to  form  a  water-lute  c,  and  a  cup  d, 
fastened  on  the  shaft  and  dipping  in  the  lute, 
prevents  the  escape  of  the  gas  round  the  shaft.' 
Similar  6-inch  lutes,  cc,  serve  for  introducing  and 
taking  away  the  gas.  There  is  also  a  manhole/, 
fitted  with  an  inner  margin  of  strong  sheet  lead, 
reaching  6  or  7  inches  downwards  and  forming 
a  water-lute  when  the  cjdinder  is  filled.  Apart 
from  this  the  manhole  is  always  open,  so  that 
observations  can  be  made  at  any  time,  samples 
drawn  and  hydrate  of  lime  put  in.  Sometimes 
a  water  jacket  is  applied  outside.  Three,  or 
(better)  more  cylinders  form  a  set  working  to- 
gether, so  that  the  fresh  gas  can  be  al-.vayS 
turned  upon  that  cylinder  which  is  nearly 

'  Acooriliiig  to  Mr.  E.  K.  Miispi-att  (S.  0.  I.  1880, 
•J0S7),  tliio  iinuuifacture  was  conmiciiced  at  St.  Helens  in 
18-17. 
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finished,  whilst  the  cylinder  charged  with  fresh 
lime  receives  the  last  gas.  From  the  last  cylin- 
der there  should  be  pipes  leading  to  a  small  box 
charged  with  hydrate  of  lime,  in  case  of  any 
accident  happening  to  the  agitating  machinery, 
when  the  absorjDtion  of  chlorine  in  the  cylinders 
would  very  soon  cease.  In  lieu  of  this,  a  column 
charged  with  milk  of  lime  can  serve  as  well. 

An  excellent  plan  is  the  following,  by  which 
10  tons  of  chlorate  are  made  per  week  at  a  large 
works.  There  are  five  absorbing  vessels,  con- 
structed as  horizontally-placed  semi-cylinders 
with  raised  sides,  a  horizontal  agitating  shaft 
passing  through  simple  stufBng-boxesin  the  two 
plane  ends.  These  vessels  are  made  of  cast- 
iron  ;  they  are  surrounded  by  a  water-jacket 
leaving  a  space  of  a  few  inches  for  cooling 
water.  Two  of  these  vessels  (a  and  b),  about  Ik 
feet  long,  5  feet  wide,  and  6  feet  high,  are  placed 
on  the  same  level,  the  third,  c,  is  placed  a  little 
higher,  the  fourth,  d,  and  then  the  fifth,  e,  again 
a  little  more  so.  The  fresh  gas  is  passed  into 
either  a  or  b  (one  of  them  being  cut  off  for 
emptying),  then  successively  into  c,  d,  and  e. 
When  A  is  finished  the  gas  is  turned  into  b, 
the  contents  of  a  are  run  off,  those  of  b  into  a, 
c  into  B,  D  into  c,  e  into  d,  and  fresh  milk  of 
lime  is  put  into  e.  All  this  is  going  on  at  the 
same  time,  the  connecting  taps  being  opened 
simultaneously,  e  is  directly  open  to  the  air, 
and  no  smell  whatever  is  perceptible  there.  The 
stuffing  boxes,  which  are  packed  with  hemp, 
must  be  pretty  frequently  renewed. 

At  Kuhlmann's  works  there  is  an  absorbing 
apparatus,  made  of  iron  lined  with  lead,  in 
which  the  gas  is  forced  through  the  liquid,  and 
is  made  to  ascend  in  a  spiral  line  by  means  of  a 
spout  turned  bottom  upwards,  mechanical  agita- 
tion being  provided  in  the  same  sense.  This 
apparatus  produces  excellent  absorption,  but 
wears  out  very  quickly. 

The  milk  of  lime  must  be  prepared  in  such  a 
way  that  the  finished  liquor  becomes  of  a  certain 
strength,  which  is,  however,  not  the  same  at  all 
works.  The  specific  gravity  of  the  milk  of  lime 
itself  should  not  exceed  1G°  or  17°Tw. ;  that  of 
the  finished  liquor  28"^  to  32°Tw.  Some  manu- 
factures go  as  far  as  40°Tw. 

The  reaction  causes  an  elevation  of  tempera- 
ture which  up  to  a  certain  extent  is  useful ;  but 
it  must  not  be  allowed  to  get  too  high,  because 
in  this  case  oxygen  is  evolved,  and  there  is  a 
corresponding  loss  of  chlorate.  In  no  case  can 
the  theoretical  proportion  of  1  chlorate  to  5 
chloride  bo  attained  ;  there  is  always  some  HCl 
carried  on  with  the  chlorine,  and  probably  on 
the  large  scale  the  evolution  of  oxygen  cannot  be 
entirely  avoided;  but  with  good 'work  the  pro- 
portion can  be  kept  at  1 :  5-5  or  even  1 :5  -l. 

Part  of  the  lime  can  be  replaced  by  weak 
bleaching  powder  which  sometimes  contains  a 
good  deal  of  chlorate;  but  this  must  not  be 
heated  before  being  saturated  with  chlorine, 
as  otherwise  much  oxygen  is  lost  (c/.  stipm). 
Home  weak  bleach  contains  much  more  CaCl.. 
than  CaCl^Oj,  and  is  not  at  all  suited  for  this" 
purpose. 

As  the  reaction  proceeds,  froth  appears  on 
the  surface  and  the  liquid  becomes  warm.  In 
the  tirst  agitator  tlie  temperature  should  be 
from  Go  to  70X. ;  if  it  gets  hotter,  water-cooling 


is  resorted  to,  or  else  the  gas  is  cut  off  for 
a  while.  Afterwards  the  liquid  turns  pink,  and 
the  froth  mostly  vanishes  again.  The  opera- 
tion may  be  consideredas  finished  when  a  sample 
taken  out  settles  quickly  and  completely,  leaving 
little  sediment,  smells  of  chlorine  and  bleaches 
litmus  paper.  On  adding  hydrochloric  acid 
m  the  cold  it  should  not  give  off  chlorine  (as 
h}-pochlorite  would  do).  The  pink  colour  is 
caused  by  calcium  permanganate ;  it  appears 
with  Deacon  bleach  as  well,  since  all  lime  con- 
tains sufficient  manganese  to  produce  the  re- 
action. The  operation  lasts  two  or  three  days 
with  strong  chJoriue,  and  twice  as  long  with 
Deacon  chlorine. 

The  contents  of  each  agitating  vessel,  as  they 
are  finished,  are  run  into  settlers  provided  with 
drop-siphons,  and  thence  into  the  concentrating 
pans.  In  the  settlers  their  volume  and  strength 
is  accurately  noted,  in  order  to  calculate  the 
quantity  of  potassium  chloride  (technically  called 
'  muriate  of  potash  ')  required.  This  is  done 
either  from  the  results  of  a  laboratory  test,  or 
from  the  indications  of  the  hydrometer  which 
must  be  compared  with  the  fonner  at  each 
single  works,  the  conditions  not  being  the  same 
everywhere.  The  potassium  chloride  should  be 
of  the  strongest  kind  (9.3  p.c),  and  a  small  ex- 
cess of  it  should  be  used.  Some  add  it  to 
the  agitating  vessels,  under  the  (probably  mis- 
taken) idea  that  KClOj  decomposes  less  easily 
than  Ca(C103)2.  Usually  it  is  only  added  in  the 
concentrating  pans. 

The  mud  left  in  the  settlers  is,  of  course, 
washed  or  filter-pressed ;  the  washings  can  be 
used  for  making  fresh  milk  of  lime. 

The  liquor  as  it  runs  away  from  the  settlers 
still  smells  of  chlorine.  This  is  a  nuisance,  and 
it  also  acts  ujion  the  vessels,  but  the  addition  of 
a  small  quantity  of  a  reducing  agent  like  sodium 
thiosulphate,  or  even  tank-waste,  entirely  de- 
stroys the  free  chlorine. 

The  boiling-down  pans  are  usually  made  of 
either  wrought  or  cast-iron,  and  are  heated  by 
direct  lire.  Some  employ  leaden  pans,  under  the 
idea  that  these  are  less  acted  upon  than  iron  ; 
but  the  investigations  made  by  Lunge  (S.  C.  1. 
1883,  4),  have  proved  that  lead  is  really 
much  more  acted  upon  and  the  loss  of  chlorate 
is  the  same  as  when  working  in  iron.  No  dilYe- 
rcnce  w'as  found  in  this  respect  between  wrought 
and  cast-iron.  Since  wrouglit-iron  pans  are  not 
liable  to  crack  and  are  more  easily  repaired  when 
partly  worn  out,  they  would  seem  preferable. 

The  boiling  down  is  sometimes  continued  up 
to  TO'^Tw.  (measured  hot),  in  which  case  the 
mothor-liquors  after  crystallisation  are  not  worth 
working  up.  Or  else  the  first  concentration  is 
only  carried  to  50-55"T\v.,  and  the  mother- 
liquor  is  again  boiled  down  to  about  75°Tw.  in 
winter  or  SO^Tw.  in  summer.  The  salts  obtained 
by  the  second  operation  must  be  recrystallised 
twice  before  becoming  marketable. 

There  is  always  a  great  deal  of  mud  found  in 
the  pans,  partly  from  incomplete  settling  Ac, 
partly  formed  by  the  action  of  the  liquor  on  the 
metal.  This  mud  must  be  removed  by  settling 
or  by  a  filtering-drum  before  running  the  hquor 
into  the  coolers. 

The  coolers  for  the  first  salts  are  generally 
made  of  iron,  since  in  no  case  can  a  pure  pro- 
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duct  be  obtained  at  this  stage.  They  are  best 
made  like  tliose  used  for  soda-crystals,  with  a 
plug-hole  for  running  off  the  mother-liquor. 
They  ought  to  be  numerous  enough  to  permit 
of  the  liquor  remaining  in  them  9  or  10  days  in 
winter  and  14  days  in  summer.  Plere  the  crude 
chlorate  of  potash  crystallises  in  long  acicular 
crystals,  totally  unlike  the  thin  plates  in  which 
the  same  salt  crystallises  when  pure,  but  in 
reality  possessing  exactly  the  same  faces,  only 
developed  in  different  fashion.  They  are  easily 
distinguishable  from  the  large  transparent 
prisms  of  hydrated  calcium  chloride  which 
appear  if  the  concentration  has  been  too  great. 
They  must  be  broken  up  after  draining,  and  the 
adhering  mother-liquor  washed  olf  with  a  little 
water,  always  taking  care  not  to  lose  any 
crystals  in  the  process. 

The  mother-liquor  is  a  nearly  saturated  solu- 
tion of  CaCL,  with  a  little  KOI  and  NaCl, 
and  with  about  30  grams  of  KCIO.,  per  litre. 
With  bad  work  much  more  chlorate  is  left  in 
the  liquor,  none  of  which  can  bo  recovered.  In 
the  very  best  case  10-12  p.c.  of  all  chlorate 
manufactured  is  lost  through  this  cause,  usually 
much  more  (25-30  p.c).  Usually  it  is  not  even 
attempted  to  recover  the  chlorine  from  these 
liquors  by  heating  with  hydrochloric  acid — they 
are  simply  run  to  waste.  But,  with  due  care, 
the  mother-liquors  can  be  quite  well  worked  for 
chlorine  by  taking  care  to  run  the  hydrochloric 
acid  in  ^irtri  imssu  with  the  liquor  ;  but  the 
temperature  in  the  still  must  never  get  up  to 
C0°,  otherwise  explosions  easily  occur  through 
the  formation  of  hj-pochlorous  anhydride. 

The  great  loss  of  chlorate  in  the  ordinary 
process  has  given  rise  to  the  process  of  Mus- 
pratt  and  EschelUnann,  where  magnesia  is  sub- 
stituted for  lime  (Eng.  Pat.  Nos.  3,'J50,  5,183,  and 
5,186  of  1883;  No.  1,900  of  1835).  A  detailed 
description  of  this  process  has  been  given  by 
Higgins  (S.  G.  I.  1887,  218).  The  magnesia  is 
obtained  by  burning  Greek  magnesite  at  not 
too  high  a  temperature ;  when  overburnt  it  is 
useless  for  the  absorption  of  chlorine.  The 
MgO  is  very  finely  ground,  suspended  in  water, 
and  exposed  to  the  action  of  chlorine  in  the 
ordinary  octagons.  The  reaction  is  not  so  vio- 
lent as  with  lime.  Tlie  temperature  of  a  finished 
octagon  is  usually  ~Vi°C.,  and  it  never  exceeds 
OO'^C.,  but  this  matters  all  the  less  as  no  hypo- 
chlorite is  formed  in  this  way,  the  reaction  pass- 
ing on  at  once  to  chlorate.  In  the  finished 
liquor  the  proportion  of  chlorate  to  chlofide  is 
very  near  to  the  theoretical,  viz.  1  :  5-1  or  less  ; 
this  constitutes  an  important  advantage  over  the 
lime  process,  7  p.c.  less  chloride  being  formed. 
No  pink  colour  appears  with  veryirare  magnesia, 
but  it  does  when  it  contains  manganese.  The 
strength  of  this  liquor  varies  from  1-20  to  1-25. 

The  octagon  liquor  is  now  boiled  down  to 
75°  SO^Tw.,  when  on  cooling  about  50  p.c.  of 
tlie  chloride  will  crystallise  out  as  MgCL,GHp. 
The  mother-liquor  contains  1  mol.  chlorate  to 
2-8  chloride.  Potassium  chloride  is  now  added 
to  it  in  as  nearly  as  joossible  the  theoretical 
quantity,  and  tlie  potassium  chlorate  crystallised 
out.  The  mother  liquors  being  much  less  in 
quantity  than  with  lime,  and  KCIO.,  being  less 
soluble  in  MgCU  than  in  CaCl,,  the  magnesia 
mother-liquors  contain  much  less  chlorate  than 


lime  liquor  (on  an  average  19  grams,  down  to 
10  grams  jser  litre),  and  the  yield  of  KClOj  rises 
to  90  p.c.  of  the  total. 

The  mother-liquor  is  treated  with  HCl  to 
destroy  the  chlorate  at  a  temperature  not  ex- 
ceeding 00°,  with  due  precautions  against  explo- 
sions. The  still-liquor  is  now  neutralised  with 
MgO  ;  there  is  then  a  solution  of  kieserite 
(MgSO|)  run  in  to  decompose  the  calcium  chlor- 
ide present,  and  the  gypsum,  along  with  iron 
oxide,  is  settled  out.  Tbe  liquor  is  now  con- 
centrated in  cast-iron  pots  (wrought-iron  is 
acted  upon  too  much)  ;  the  iron  dissolving  in 
the  liquor  is  oxidised  to  the  ferric  state,  and  is 
precipitated  by  MgO  ;  the  settled  liquor  is  run 
into  barrels  where  it  sets  to  a  hard  mass  con- 
taining 47  p.c.  of  MgCl,.  This  magnesium 
chloride  is  sold  to  cotton  sizers. 

This  process  would,  of  course,  only  become 
general  if  the  magnesium  chloride  obtained  as 
a  by-product  could  be  profitably  decomposed  for 
chlorine,  as  it  is  not  saleable  by  itself  in  very 
large  quantities,  and  could  not  comjjete  in  price 
witli  tlie  Stassfurt  article. 

Such  utihsation  for  the  manufacture  of 
chlorine  liad  been  intended  by  Weldon,  who  first 
proposed  magnesia  for  the  above  purpose,  and  it 
is  again  mentioned  in  a  patent  of  J.  Wilson 
(No.  5,975, 1884).  Twynam  (No.  4,397, 1881)  pro- 
poses dolomite,  under  the  idea  that  double  clilor- 
ide  of  potassium  and  magnesium  (carnallite) 
will  crystallise  out  of  the  mother-liquor  after 
the  chlorate.  (This  seems  quite  hopeless,  since 
the  principal  question  is  not  that  of  saving 
KCl,  but  KCIO,.) 

Another  process  for  greatly  reducing  the 
loss  of  chlorate  in  the  mother-liquors  is  that  of 
Pechiney  (cf.  Weldon,  S.  C.  I.  1882,  41,  to  which 
paper  the  author  has  added  his  own  observa- 
tions). He  concentrates  ordinary  chlorate  liquor 
made  from  lime  of  a  density  of  26°  Baum6,  up 
to  48°B.  (hot),  and  cools  it  down  to  at  least 
12°C.,  but  not  below  10°C.  Of  its  5-5  mol.  of 
CaCl.,,  4-3  are  thus  caused  to  crystallise  out  as 
CaCl_',2H,0  (probably  it  should  be  6H.,0),  but  if 
the  temperature  were  allowed  to  fall  below  10°, 
calcium  chlorate  would  crystallise  as  well.  The 
crystals  are  separated  by  a  hydro-extractor,  and 
the  mother-liquor  is  now  converted  into  potas- 
sium chlorate  by  addition  of  KCl  '  ;  there  being 
only  1-2  CaCl,  present  to  1  KCIO.,,  the  mother- 
liquors  cause  a  very  much  smaller  loss  than 
in  the  ordinary  process.  Pechiney's  process  is 
specially  suited,  and  was  originally  invented,  for 
tlie  manufacture  of  sodium  chlorate  {cf.  infra). 
It  is  evidently  only  possible  to  work  it  in  the 
cold  season. 

The  crude  chlorate  of  potash  is  always  puri- 
fied by  recrystallisation  ('  finished  ').  For  this 
purpose  it  is  redissolved  in  a  mixture  of  water 
and  of  the  mother-liquor  obtained  in  the  finish- 
ing process,  which  is  done  in  a  lead-lined  vessel, 
with  the  aid  of  steam,  preferably  indirect  (dry) 
steam.  The  solution  is  made  at  a  full  boiling 
heat,  sometimes  with  the  addition  of  very  small 
quantity  of  sodium  carbonate  and  of  sodium 
sulphide,  in  order  to  precipitate  any  iron  and  lead 
present  as  chlorides ;  it  is  made  up  to  25'^Tw., 

'  Tlie  inti'i'mediate  formation  ol  a  calcium  oxychloritie 
described  in  P(''cliiney's  patents  and  Weldou's  paper  has 
since  been  given  up. 


and,  after  good  settling  and  straining  through 
canvas,  the  liquor  is  run  into  the  coolers.  These 
are  always  made  of  wood  lined  with  lead  ;  they 
are  either  of  a  deep  pattern,  with  wooden  laths 
placed  inside  idi  the  crystals  to  adhere  to,  or 
else  they  are  made  quite  shallow,  but  covered 
over  to  prevent  any  too  rapid  cooling.  The 
crystallisation  lasts  from  8  to  14  days,  according 
to  the  season. 

The  crystals  are  drained,  preferably  by 
means  of  a  hydro-extractor,  in  which  the  last 
operation,  the  washing,  can  be  also  effected  with 
great  ease  and  completeness.  This  is  imperative, 
since  it  is  required  that  chlorate  of  potash  should 
show  little  or  no  trace  of  chlorides ;  O'Oo  p.c. 
being  a  maximum  sometimes  stipulated.  So 
long  as  there  is  PbCL  present,  this  cannot  be 
very  easily  effected,  but  the  lead  can  be  removed 
in  dissolving,  as  stated  before.  The  mother- 
liquors  and  washings  are  used  over  again  till 
they  become  too  impure,  when  they  go  back  to 
the  boiling-down  pans.  The  crystals  are  dried 
on  a  hollow  iron  plate,  covered  with  sheet  lead 
and  heated  by  steam. 

Chlorate  of  potash  is  either  sold  as  '  crystals ' 
or  'ground.'  For  the  former  purjjose  the  crys- 
tals, as  they  come  from  the  drying  plates,  are 
sifted  through  a  sieve  with  eight  holes  to  the 
linear  inch,  or  less,  as  the  case  may  be.  The 
powder  is  best  gi'ound  while  still  slightly  warm. 
The  mills  may  be  of  any  description,  horizontal, 
edge  runners,  rollers  ;  but  the  chlorate  during 
grinding  ought  not  to  come  into  contact  with 
iron,  nor  with  any  organic  substances  (straw, 
wood  chips,  &c.),  or  dangerous  explosions  may 
occur.  It  must  be  sifted  through  a  revolving 
sieve,  made  of  miller's  gauze,  ^vith  mechanical 
brushes.  The  powder  ought  to  be  snow-white 
and  without  any  grittiness,  like  fine  flour.  The 
crystals  ought  to  be  in  thin,  large,  brilliant 
transpai'cnt  plates;  excessive  drying  will  make 
them  opaque.  Both  are  usually  packed  in  1  cwt. 
kegs,  laid  out  with  blue  paper. 

formerly  it  was  generally  assumed  that  1 
part  of  chlorate  of  potash  required  7  or  8 
times  as  much  chlorhie  as  1  part  of  bleaching 
powHlcr,  but  with  the  new  processes  the  yield 
is,  of  course,  better  than  that.  There  is,  how- 
ever, even  now  a  manufacturing  loss  of  about 
30  p.c,  or  at  least  25  p.c.  One  ton  of  chlorate 
in  the  ordinary  process  requires  about  thirty 
tons  of  hydrochloric  acid  of  30°Tw. ;  if  the 
mother-liquors  are  utilised  for  producing  chlor- 
ine without  this,  forty  tons  of  acid  will  be 
uscil.  This  refers  to  Weldon  chlorine  ;  by  com- 
bining the  Deacon  and  Weldon  process,  and 
utilising  the  mother-liquors  as  before,  the  con- 
sumption of  acid  ought  not  to  exceed  22  tons. 
One  ton  of  chlorate  requires,  moreover,  17-18 
cwt.  of  DO  to  95  p.c.  muriate  of  potash,  2,\  to 
:<  tons  of  lime,  and  15  or  IG  tons  of  coal.  The 
wages  are  but  insignilicant  in  proportion  to  the 
value  of  tlie  article. 

Chlorate  of  potash  is  principally  employed 
for  the  niiinufacture  of  lucifer  matches,  for  pyro- 
tt<chnicnl  puii>oses,  for  fuses,  for  some  descrip- 
tions of  gunpowder,  and  other  cases  where  it  is  a 
cotistitucnt  of  explosive  materials.  It  is  also 
lnr«oly  employed,  on  account  of  its  oxidising 
properties,  in  dyeing  and  calico-printing,  in  the  i 
manufacture  of  alizarin,  A'c.    Moreover,  it  is  ' 


used  in  laboratories  for  preparing  oxygen,  and 
in  medicine,  especially  for  gar;,'ling.  The  quantity 
manufactured  in  the  United  Kinsdom  in  18S7  is 
estimated  at  7,000  tons.  Somewhat  considerable 
quantities  are  also  made  in  r  ranee,  Germany, 
and  Austria. 

Sodium  chlorate.  This  compound,  which 
formerly  was  only  a  chemical  curiosity,  has 
become  of  technical  importance,  since  it  was 
found  that  it  is  much  more  suitable  for  the 
preparation  of  aniline  black  than  potassium 
chlorate,  owing  to  its  greater  solubility. 

At  first  when  a  demand  for  it  sprang  up,  it 
was  made  from  potassium  chlorate  by  means  of 
hydroiiuosilicic  acid  (cf.  Lunge's  Alkali,  3,  320), 
and  was  sold  at  two  or  three  times  the  price  oi  the 
potassium  salt.  It  was  at  that  time  thought 
that  it  could  not  be  prepared  from  the  calcium- 
chlorate  liquor  of  the  ordinary  process,  just  be- 
cause NaClOj  is  veiy  soluble,  and  cannot  be 
separated  from  CaCl._,  by  crystallisation.  But 
this  difficulty  can  be  avoided,  as  we  shall  see. 

The  process  of  Bottomley  and  Molesworth 
(Pat.  No.  3,005,  1881)  consists  in  treating  a  hot 
saturated  solution  of  potassium  chlorate  with 
one  of  bitartrate  of  soda,  and  separating  the 
precipitated  potassium  bitartrate  from  the  solu- 
tion of  sodium  chlorate.  This  was  also  to  be 
done  with  the  ordinary  calcium  chlorate  liquor; 
in  which  case,  of  course,  calcium  tartrate  would 
have  been  obtained.  Since  some  loss  of  tartaric 
acid  could  not  possibly  be  avoided,  this  process 
would  be  even  more  expensive  than  the  first 
mentioned. 

The  real  manufacture  of  chlorate  of  soda  by 
a  cheap  process  was  first  carried  out  by  Pechiney, 
by  means  of  his  above-mentioned  process  of  re- 
moving most  of  the  calcium  chloride  from  the 
crude  liquor  by  crystallisation.  The  puritied 
liquor,  thus  accumulated  during  the  colder  part 
of  the  year,  is  mixed  with  a  solution  of  ordinary 
sodium  sulphate,  previously  neutralised  by  lime. 
The  operation  is  carried  out  in  this  way.  An 
excess  of  solution  of  Na_.SO,  is  added  to  the 
chlorate  liquor  with  continuous  agitation  ;  then 
more  chlorate  liquor  is  gradually  run  in,  till  the 
Na^SO  I  has  been  completely  converted  into  CaSO^. 
This  condition,  as  well  as  that  of  a  certain 
temperature,  must  be  strictly  observed  in  order 
to  obtain  the  calcium  sulphate  in  a  crystalline 
form.  The  mixture  is  run  into  a  tank  contain- 
ing a  canvas-covered  false  bottom,  and  it  is 
filled  up  to  this  with  liquor  from  the  last  opera- 
tion. After  filling  the  remainder  of  the  tank, 
the  whole  is  allowed  to  stand  for  a  few  hours, 
after  which  the  liquor  is  run  off,  but  not  below 
the  filtering  canvas.  This  process  prevents  the 
gypsum  from  passing  through  the  filter  ;  it  is 
then  put  into  a  hydro-extractor,  and  in  this  is 
completely  freed  from  sodium  chlorate,  with  the 
help  of  washing  bj'  water.  The  solution  of 
sodium  chlorate  is  now  concentrated  by  evapora- 
tion, during  wliich  most  of  the  sodium  cliloride 
separates  in  the  solid  form  and  i.<  fished  out. 
The  remaining  solution  on  cooling  yields  crystals 
of  sodium  chlorate  which  arc  purified  by  re- 
crystallising  and  washing  the  second  crystals. 
The  mother  liquor  always  goes  back  into  the 
process.  The  purified  salt  contains  no  more 
than  0-lG  p.c.  NaCl.  Nearly  all  the  chlorate 
contained  in  the  liquor  is  really  obtained  by  this 
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process,  instead  of  the  unavoidable  loss  occurring 
with  chlorate  of  potash. 

Chlorate  of  soda  is  also  manufactured  by 
Messrs.  Muspratt  by  means  of  their  magnesium 
chlorate  liquor,  freed  from  nearly  half  the  MgCL 
by  evaporation  and  crystallisation  {cf.  supra).  To 
this  liquor  sodium  carbonate  or  hydrate  is  added, 
till  all  the  magnesia  is  precipitated  as  MgCO^ 
or  Mg(OH).^,  in  order  to  be  used  over  again  in 
the  process.  The  remaining  solution  of  NaClOj 
and  NaCl  is  concentrated  by  evaporation,  with 
fishing  out  the  NaCl,  and  after  attaining  lOO"' 
and  lOG^^'Tw.  is  allowed  to  cool  down  ;  the  sodium 
chlorate  crystallises  out  and  is  purified  iu  the 
usual  manner.'  G.  L. 

Hydrocliloric  acid.  Coinmorcial  hydrochloric 
acid  is  a  more  or  less  pure  solution  of  hydrogen 
chloride  HCl  in  water. 

Hydrogen  cbloride  is  a  colourless  gas,  of 
sp.gr.  1-2500  (air=l),  and  molecular  weight 
80-457.  By  weight  it  consists  of  2-74  parts  of 
hydrogen  and  97-2lj  parts  of  chlorine.  It  can 
be  condensed  into  a  liquid  by  cold  and  pressure; 
the  tension  of  this  liquid  is  26-2  atmospheres  at 
0°  and  40  atmospheres  at  12-5'^C. 

The  heat  of  formation  of  a  gram  molecule  of 
BCl  is  22001  calories. 

Hydrogen  chloride  has  a  great  alBnity  for 
water  and  is  greedily  absorbed  by  it.  The  solu- 
tion is  the  ordinary  hydrochloric  acid  which, 
when  somewhat  concentrated,  emits  fumes  of 
HCl  on  exjiosure  to  the  air.  The  following 
table  by  H.  Deicke  shows  the  maximum  solu- 
bility of  HCl  in  water  at  varying  temperatures. 


1  cub.  cent,  dissolve's  at  tlis  tcinpcyaturc  t°  : 


t° 

Voh.  HCl  atO° 
aiiJ  760  mm. 
dissolved  in  1 
vol.  H„0 

Specific  gravity 

of  the  satu- 
rated solution 

Pei-centapre  of 
HCl  by  weight 
iu  the  solution 

0°C. 

525-2 

1-2257 

45-148 

4 

494-7 

1-2265 

44-3i;i 

8 

480-3 

1-2185 

43-S28 

12 

471-3 

1-2148 

43-277 

14 

4(;2-4 

1-2. )74 

42-829 

18 

451-2 

1-2054 

42-344 

23 

435-0 

1-2014 

41-536 

The  behaviour  of  a(iueous  solutions  of  HCl 
under  varying  conditions  of  temperature  and 
pressure  has  been  principally  studied  by  Koscoe 
and  Dittmar  (Q.  C.  .J.  12,  128).  AYe  shall  men- 
tion here  only  the  fact  that  concentrated  hydro- 
chloric acid  on  heating  loses  both  gas  and 
water  and  gradually  becomes  weaker,  until  a 
sp  gr.  of  1-101  and  a  percentage  of  20-24  HCl  is 
attained  at  a  boiling  temperature  of  HOC;  the 
acid  in  this  state  distils  without  change,  j^ro- 
vided  the  atmospheric  pressure  is  760  mm.  At 
a  lower  pressure  the  acid  distilling  unchanged 
is  stronger,  at  a  higher  pressure  it  is  weaker. 
A  similar,  but  not  identical  limit  is  attained 
when  strong  acid  is  exposed  to  the  air  at  ordi- 
nary temperatures. 

'  Since  the  above  article  was  written,  a  very  ex- 
haustive treatise  on  the  manufacture  of  chlorate  of  potash 
has  been  published  in  German  by  IJr.  W.  Jurisch  :  Die 
Fabrikat'on  von  chlorsaurem  Kali  (Berlin,  1888^.  A  few 
notes  from  this  book  are  iucorporated  in  the  text  of  this 
article. 


The  following  table  gives  the  percentages  of 
HCl  in  aqueous  hydrochloric  acid  at  various 
specific  gravities  and  at  a  temperature  of  15'^C. : 


Twaddell 

Spec, 
gravity 

Percen- 
HCl" 

Grammes 

IICl 
per  litre 

1  cubic 
foot 

■weighs 
lbs. 

1  cubic 
foot  con- 
tains lbs. 
of  HCl 

i 

i  UUo 

112 

11-32 

0^  00 

U  /U 

1  .m  A 
i  UlU 

0. 1  o 
Z  1.5 

21-45 
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1  oi 

Q 
O 

1  Ui-D 

'J .  1 
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31-67 
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1  y  < 

A 

4 

1  .0.)A 
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4199 

63-60 

Z  01 

5 

1'02.5 

5-11 

52-41 

63-91 

0  20 

u 

1-030 

6-11 

62-93 

64-22 

7 

1-035 

7-10 

73-55 

64-53 

4-58 

8 

1-040 

8-10 

84-27 

04-84 

K.O  K 

n 

y 

1-045 

9-10 

95-09 

05-16 

r  .AQ 
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1  .Af  A 
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lOO'Ol 
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C .  C 1 
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11702 

65-48 
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1  UuvJ 
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1215-14 
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0.  AA 

8  UU 

1  Q .  AO 

1.0  U«r. 

13I)-.36 
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0  oy 
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15068 

00  / 1 

( 1.  i  A 

U  4U 

15 
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15'08 
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1  A .  1  1 

lU  11  ■ 

10 

1  .A  OA 

10  U  ( 
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67-34 

1  A.  OQ 

lU  00 

1  1 

i  ( 

1  .  AQ 
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11  0'^ 

1  o 
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67- 9  6 
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iy 
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2O8-78 

68-27 
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OA 

1  . 1  A  A 

00 

220-70 

68-59 

lo  /O 
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2106 
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14-51 
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69-21 

15  2  / 

oo 
Z6 

1-115 

23-05 

257-02 

69-52 

16-04 

1'120 

24-0.5 

269-34 

69-83 

I6-79 

1125 

25-05 

281-76 

70-14 

17-57 

1-130 

26-04 

294-28 

70-46 

I8-35 

1-13.5 
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306-90 

70-77 

19-14 
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OO 
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384  04 

1  .a  04 

2o  yy 

34 

1-170 

34-02 

397-94 

72-95 

24-82 

35 

1-175 

35  01 

411-.34 

73-26 

25-65 

36 

1-180 

36-0] 

424-84 

7.3-.57 

26-49 

37 

1-185 

37  01 

438-44 

73-89 

27-34 

38 

1-190 

38-01 

452-14 

74-20 

28-20 

39 

1-195 

39-00 

466-00 

74-51 

29-06 

40 

1-200 

40-00 

479-84 

74-82 

30-00 

TilE  MANlTFACrURE  OP  Hyurochlokic  Aciii. 

Before  the  amnioniacal  soda  process  had 
revolutionised  the  economical  conditions  of 
alkali-making,  hydrochloiic  acid  ('muriatic  acid' 
or  '  spirits  of  salts  ')  was  manufactured  by  two 
entirely  different  modes.  Nearly  all  of  it  was 
made  as  a  by-product  iu  the  manufacture  of 
sulphate  of  soda  for  the  Leblanc  process,  in 
some  cases  only  because  the  law  compelled  it  to 
be  condensed.  A  very  large  portion  of  this  acid 
was  obtained  in  too  weak  a  state  for  sale  or  for 
most  uses,  and  very  much  of  it  was  actually 
run  to  waste.  Most  of  it  was  used  up  imme- 
diately at  the  same  works,  principally  for  the 
production  of  chlorine,  and  only  comparatively 
little  found  its  way  into  the  general  trade.  This 
state  of  matters  brought  about  a  close  local  con- 
nection between  alkali  works  and  all  those 
industries  consuming  a  large  quantity  of  hydro- 
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cliloric  acid,  tlie  latter  being  accounted  of  very 
little  value. 

There  remained,  however,  a  certain  number 
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i  of  uses  of  bj-drochloric  acid  which  could  not  be 
'  thus  localised,  and  since  the  carriage  of  this 
substance  is  both  troublesome  and  expensive, 
it  was  found  economical  to  manufacture  hydro- 
chloric acid  on  those  spots  where  there  was  a 
;  somewhat  large  consumption,  under  such  cir- 
j  cumstauces  that  it  formed  the  principal  product ; 
I  namely,  by  decouipcsing  common  salt  with 
sulphuric  acid  in  cast-iron  cylinders  exactly 
similar  to  those  used  in  the  manufacture  of 
nitric  acid,  employing  such  an  excess  of  salt 
that  the  more  costly  ingredient,  sulphuric  acid, 
was  fully  utilised  and  a  good  yield  of  strong 
hydrochloric  acid  was  obtained.  The  residual 
product,  a  mixture  of  sodium  sulphate  with  20 
or  30  p.c.  of  common  salt,  was  sold  by  the  name 
of  '  cylinder-cake '  to  glass-works  at  a  very  low- 
price,  and  was  frequently  hardly  saleable  at  all. 
This  circumstance,  connected  with  the  great 
expense  of  labour,  coals,  and  repairs,  has  made 
the  cylinder  process  of  manufacturing  hydro- 
chloric acid  unremunerative  for  some  time 
past. 

D-aring  the  last  few  years  all  the  conditions 
of  alkali-manufacturing  have  changed,  and  the 
hydrochloric  acid  must  now  be  considered  as  a, 
or  even  as  the.  principal  product  of  Leblanc 
alkali  works.  None  of  the  latter  can  now  exist 
without  fully  utilising  its  hydrochloric  acid  in 
one  way  or  another,  and  undoubtedly  most  of 
the  Leblanc  works  would  have  to  stop  if  their 
expenses  were  not  principally  jjaid  by  the  hydro- 
chloric acid,  whose  value  has  considerably  risen 
at  the  same  time  that  that  of  soda  ash  has  de- 
clined. This  fact  has  naturally  caused  constant 
endeavours  to  be  made  to  produce  hydro- 
chloric acid,  or  directly  chlorine,  from  the  waste 
liquors  of  the  ammonia-soda  w-orks  and  from 
other  materials  hitherto  neglected  as  worthless. 
In  so  far  as  these  endeavours  refer  to  the  direct 
production  of  chlorine  they  are  described  in  that 
article ;  those  referring  to  the  production  of 
ordinary  hydrochloric  acid  will  be  mentioned 
at  the  close  of  the  present  article. 

Hydrochloric  acid  obtained  in  matinfacluring 
sodium  szilphate  {salt-cake).  When  salt  was 
first  decomposed  in  order  to  obt;iin  sodium  sul- 
phate for  the  Leblanc  process,  the  hydrochloric 
acid  evolved  during  this  process  possessed  no 
value  and  was  simply  allowed  to  escape  into  the 
air.  This  continued  to  be  the  case  even  after 
that  manufacture  had  attained  a  comparatively 
largo  extension,  but  the  damage  caused  to  the 
neighbourhood  by  the  acid  gases  soon  brouglit 
about  the  intervention  of  local  authorities  and 
courts  of  law,  and  manufacturers  were  com- 
pelled to  seek  means  for  condensing  the  acid. 
This  was  first  successfully  done  by  Gossage's 
coke-towers  in  183G,  but  in  the  great  majority  of 
works  there  was  still  a  considerable  loss  of  acid 
gases,  as  was  proved  by  a  Belgian  Parliament ury 
Commission  in  l8r)G.  But  it  is  decidedly 
owing  to  Lord  Derby's  Alkali  Act  of  18f)3  (which 
has  been  followed  by  several  other  Acts)  that 
British  alkali-makers  were  compelled,  ultimately 
for  their  own  good,  to  adojit  thoroughly  efficient 
means  for  condensing  their  hydrochloric  acid, 
and  this  has  benefited  all  other  manufacturing 
countries  as  well. 

In  fact  the  reports  made  by  the  inspectors 
under  the  Alkali  Acts  form  an  invaluable  record 
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of  all  the  various  steps  taljcn  for  improving  the 
condensation  of  hydrochloric  acid,  and  these 
reports  have  contributed  towards  the  spreading 
of  a  better  knowledge  of  that  process  and  to 
cause  manufacturers  to  improve  it  up  to  the 
highest  standard  of  efficiency. 

The  Alkali  Acts  of  18G3  made  it  incumbent 
upon  those  decomposing  salt  to  allow  no  more 
than  5  p.c.  of  the  hydrochloric  acid  to  escape  into 
the  atmosphere.  An  additional  Act  of  1871;  pre- 
scribed tliat  no  more  than  0-2  grain  of  HCl  might 
be  present  in  a  cubic  foot  of  the  gas  escaping  from 
the  factory  into  the  air.  This  corresponds  to 
0-454  gram  HCI  per  cubic  metre,  or  about  three 
ten-millionths  by  volume.  The  latter  clause  ap- 
plies to  the  chimney  gases  as  well,  and  not  merely 
to  those  escaping  directly  from  the  condensing 
apparatus.  Although  this  requirement  was  a,t 
first  declared  by  many  to  be  impossible  of  fulfil- 
ment, the  actual  results  jjroved  at  once  that  it 
was  quite  possible,  and  the  escapes  registered  by 
the  Alkali  Inspectors  have  averaged  far  below 
the  limits  assigned  by  the  Acts.  Tlius,  in  1885, 
the  average  escape  of  HCl  in  chimney  gases  has 
been  0-10  grain  per  cubic  foot,  or  2-3U  p.c.  Of 
the  total  amount  produced  in  188G,  the  figures 
have  been  respectively  O'lO  grain  and  2'13  p.c. 

The  principles  to  be  followed  in  condensing 
hydrochloric  acid  are  very  simple,  but,  as  is 
usual  in  such  cases,  much  care  is  required  in 
jDlanning  and  working  the  apparatus  for  efti- 
ciently  carrying  them  out  to  their  fullest  extent. 
There  is,  of  course,  only  one  way  of  condensing 
hydrogen  chloride,  namely,  bringing  it  into  con- 
tact with  water,  which  is  a  most  energetic  ab- 
sorbent for  it,  and  thus  forming  ordinary  hydro- 
chloric acid,  that  is,  a  solution  of  HCl  in  water. 
But  this  extremely  simple  process  is  complicated 
by  the  fact  that  the  hydrogen  chloride  evolved 
in  the  decomposition  of  common  salt  is  always 
more  or  less,  and  sometimes  to  a  very  consider- 
able extent,  mixed  witli  air  or  with  the  gases 
formed  in  the  combustion  of  fuels  ;  that  this 
mixture  itself  is  at  a  high  temperature,  and  that 
an  additional  amount  of  heat  is  generated  by  the 
absorption  of  HCl  in  water.  This  makes  it 
incumbent  upon  the  manufacturer,  (1)  to  bring 
the  acid  gases  into  the  most  extended  possible 
contact  with  water,  and  (2)  to  cool  them  down 
to  a  limit  compatible  with  good  condensation. 

According  to  a  very  ingenious  theory  of  Th. 
Schloesing  (patent  of  February  13, 1878)  the  con- 
densation of  HCl  by  water  can  be  effected  most 
completely  and  in  a  very  small  space  indeed  if 
the  action  takes  j)lace  at  a  temiserature  above 
the  boiling-point  of  the  acid  formed,  but  as  this 
process,  when  tried  in  France,  has  yielded  an  acid 
not  exceeding  25°Tw.,  it  has  been  given  up  as 
unpractical.  The  hot  dilute  acid  collecting  at  the 
bottom  of  the  condenser  is  of  too  small  a  value. 

The  importance  of  thoroughly  cooling  the. 
qascs  before  and  daring  the  actual  process  of 
condensation  was  soon  recognised  in  the  prac- 
tical working  of  the  Alkali  Act,  and  was  univer- 
sally acknowledged  until  quite  recently,  but  it  is 
contested  now  to  some  extent  (r.  infra). 

The  task  of  cooling  the  gases  presents,  of 
course,  very  different  degrees  of  ditHculty  ac- 
cording to  the  way  in  which  the  decomposition 
of  salt  has  been  carried  out.  Where  this  has 
been  done  in  iron  cylinders,  or  in  the  ordinary 


shallow  iron  decomposing-pans,  the  gases  evolved 
are  only  moderately  hot,  and  are,  moreover, 
mixed  with  very  little  air,  so  that  they  can  be 
easily  cooled  down  to  the  required  extent.  The 
gases  evolved  from  muffle-furnaces  ('  bl'nd 
roasters'),  from  the  Hargreaves  apparatus  and 
in  other  similar  cases  are  already  much  hotter, 
and  these  require  a  more  elficient  plan  of  cool- 
ing. Hottest  of  all  are  the  gases  given  off  in 
'  open  roasters,'  in  the  Pechiney-Weldon  process 
&c.,  and  the  cooling  must  be  carried  out  accord- 
ingly. 

The  means  employed  for  a  prcliminanj  cool- 
ing are  the  following : 

1.  Passing  the  gases  through  a  long  channel, 
outwardly  cooled  by  air,  consisting  of  pipes 
made  of  earthenware,  glass,  or  cast-iron,  or  tines 
made  of  stones,  bricks,  etc. 

2.  Cooling  the  conducting-pipes  &c.  out- 
wardly by  a  current  of  water. 

3.  Injecting  into  the  gas  a  quantity  of  water 
sufficient  to  cool  it  to  a  certain  extent  by 
its  own  rise  of  temperature  and  evaporation, 
but  not  sufficient  to  condense  more  than  a  small 
portion,  consisting  chiefly  of  sulphuric  acid 
carried  away  as  an  impurity,  into  the  liquid 
form. 

These  processes  are  applied  to  the  acid  gases 
in  very  different  manners,  according  to  the  heat 
they  originally  possess  and  the  degree  to  which 
they  are  diluted  with  inert  gases.  The  concen- 
trated and  but  moderately  hot  gases  from  ordi- 
nary decomposing-pans  are  sufficiently  cooled 
by  conveying  them  through  a  certain  length  of 
earthenware  jjipes  before  they  enter  the  con- 
densers. Where  the  condensers  are  placed  near 
the  furnaces,  the  necessary  length  of  piping  is 
attained  by  taking  the  gases  in  a  perpendicular 
row  of  pipes  upwards  and  then  downwards 
again.  Sometimes  as  much  as  250  or  even  300 
feet  of  piping  is  employed  in  this  way,  and  the 
temperature  can  be  thereby  lowered  from  170°C. 
down  to  30'-'  or  40°C.  Such  pipes  are  made  in 
two  different  ways ;  either  of  fireclay  or  some 
other  porous  substance,  in  which  case  they 
must  be  boiled  in  coal-tar  for  24  hours,  in  order 
to  make  them  tight  and  at  the  same  time  re- 
sist the  action  of  varying  temperatures ;  or 
else  they  are  made  of  stoneware  which  is  by 
itself  air-tight  and  acid-resisting.  The  latter 
description  of  pipes  is  much  thinner,  and  is, 
therefore,  better  adapted  for  cooling  the  gases. 
Even  glass  pipes  of  about  12  inches  diameter 
are  usefully  employed  for  this  purjjose,  and  have 
found  very  much  favour,  but  they  are  of  course 
more  easily  cracked  than  earthenware  pipes,  and 
should  be  ijrotected  against  the  action  of  rain 
and  snow.  These  pipes  are  made  slightly  taper- 
ing, and  are  joined  together  by  putting  the 
thinner  end  of  one  into  the  thicker  end  of  the 
next  pipe.  Sometimes  a  fine  jet  of  water  is 
allowed  to  enter  at  the  hotter  end,  in  which  case 
very  much  of  the  acid  is  condensed  already 
in  the  pipes.    Such  pipes  are  shown  in  fig.  11. 

The  hotter  gas  evolved  from  muffle  furnaces 
(blind  roasters)  or  the  Hargreaves  apparatus  is 
generally  first  subjected  to  a  preliminary  cooling 
in  flues  made  of  bricks  set  in  tar-mortar,  or 
much  better  of  acid-resisting  stone.  Such  flues 
should  not  be  carried  underground,  as  in  this 
case  their  cooling  action  is  very  slight  and  thero 
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may  be  great  escape  of  acid  before  it  is  recog- 
nised. They  should  be  fully  exposed  to  the  sight, 
and  at  the  same  time  to  the  cooling  action  of 
the  air.    Brick-flues  arc  very  liable  to  leak 


through  the  joints  thoy  act  better  if  made  of 
grooved  bricks  in  a  circular  shape,  as  shown  in 
fig.  12.  .In  any  case  tliey  must  be  kept  tight  by 
a  good  coating  of  tar. 


Fill.  11. 

Stone  flues  are  sometimes  made  in  a  circular 
shape,  and  these  consist  of  two  stones  hollowed 
out  to  suit,  as  shown  in  fig.  13,  or  else  they  are 
made  in  the  shape  of  shallow  troughs,  as  show-n 
in  fig.  14.  Such  flues  are  specially  adapted  to 
the  plan  of  running  a  small  stream  of  water  or 
weak  acid  along  their  bottom,  which  greatly 
promotes  the  condensation  of  acid. 


Fig.  13. 


Fig.  14. 


The  hottest  gases,  as  those  evolved  from 
open  roasters,  Mactear  furnaces,  and  the  like, 
may  be  first  conveyed  through  a  series  of  cast- 
iron  jjijjcs.  Such  pipes  can  be  employed  with- 
out any  danger  while  the  gases  are  hot,  and 
they  exercise  a  most  excellent  cooling  action. 
But  as  soon  as  any  acid  can  condense  in  them 
in  a  liijuid  fonn,  they  are  at  once  acted  upon 
and  corroded.  They  must,  therefore,  be  em- 
ployed merely  for  a  preliminary  cooling,  down 
to  about  120°C.,  and  the  further  conveyance  of 
the  gas  must  take  place  in  stone  or  earthenware 
pipes.  These  iron  pipes  are  usually  cast  in 
9  feet  lengths,  2  or  2.';  feet  wide,  and  1  inch 
thick.  As  they  have  to  be  cleaned  out  now  and 
then,  they  are  best  provided  witli  plain  ends, 
and  are  joined  by  means  of  a  loose  ferrule, 
cemented  on  both  sides  with  tar  and  china-clay, 
■which  ferrule  in  case  of  need  can  be  slipped 
sideways  after  softening  the  cement  by  heating, 
so  that  each  length  of  pipe  can  be  lifted  out 
separately. 

Of  course  the  surface  of  the  stone  tanks, 
stoneware  receivers,  connecting  pipes  and  con- 
densers themselves,  promotes  a  further  cooling 
action,  and,  in  order  to  aid  in  this  the  con- 
ncfting  pipos  are  frequently  carried  upwards 
aud  downwards  to  increase  their  cooling  surface, 
as  is  seen  in  the  apparatus  shown  further  on. 
tig.  20.  During  the  last  years,  there  has  been 
a  tenilcncy  among  the  English  alkali  works 
to  discard  all  preliminary  cooling-pipes,  and  to 
leave  all  (he  necessary  cooling  to  the  action  of 
the  condensers  themselves,  which  arc  made  of 
Buch  large  size  that  they  sullicc  for  all  purposes. 
It  should  bo  ren\cmbered  that  the  heat  brought 
along  by  the  gases  is  often  much  less  than  that 
produced  by  the  absorption  of  HCl  by  water  in 
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the  condensing-tower  itself,  which  cannot  of 
course  be  dealt  with  by  any  apparatus  for  pre- 
liminary cooling. 

The  cooling  of  the  gases  by  the  sunple  action 
of  air  is  adiiittedly  a  somewhat  uncertain 
proceeding,  since  it  depends  so  much  upon 
the  temporary  atmospheric  conditions.  In  hot 
countries  it  is,  of  course,  very  slight  in  summer 
time.  It  is  then  sometimes  supplemented  by 
running  a  stivain  of  water  down  the  outside  of 
the  connecting-pipes,  tanks,  <Vc.,  or  even  by 
immersing  the  pipes  completely  in  water.  The 
latter  plan  is  rather  risky  on  account  of  leakage 
and  cracking.  Or  else  the  gases  are  psssed 
through  a  refrigerator,  consisting  of  a  stone 
tower,  in  the  interior  of  which  glass-tubes  are 
arranged  through  which  a  stream  of  water  is 
kept  flowing.  A  very  ingeniously  constructed 
apparatus  of  this  kind  has  \tccn  patented  in 
connection  with  the  IVchiney-Woldon  chlorine- 
process  (cf.  S.  C.  I.  18S7,  7«4). 

One  of  the  most  efficient  plans  for  cooling 
the  gases  is  to  bring  them  into  contact  trith 
icatcr  itself,  whose  evaporation  absorbs  a  large 
quantity  of  heat.  This  can  be  regulated  in 
such  manner  that  either  very  little  hydro- 
chloric acid  is  condensed,  and  the  resulting 
liquid  consists  principally  of  sulphuric  acid, 
ferric  chloride,  and  other  impurities,  or  that 
a  certain  quantity  of  hydrochloric  is  condensed 
and  emjjloyed  directly,  or  for  the  purpose  of 
feeding  other  condensing  apparatus.  To  this 
class  of  cooling  contrivances  bi'longs  the  plan 
previously  mentioned  of  running  a  little  water 
along  the  bottom  of  the  cooling  pijics  or  Hues. 
It  is  also  carried  out  by  injecting  a  spray  of 
water,  divided  into  a  line  mist,  into  stone  tanks, 
placed  between  the  furnaces  and  condensing- 
towers  (Newall  and  Bowman's  Patent,  June  15, 
187-t),  and  most  frequently  in  the  way  shown  in 
fig.  15.  This  figure  represents  a  small  tower, 
say  4x4x8  feet  inside,  made  of  stone  Hags  in 
the  usual  manner.  The  hot  acid  gases  enter 
near  the  bottom,  below  a  stone  grating  on  which 
there  is  a  packing  of  earthenware  dishes,  or 
some  equivalent  contrivance  for  dividing  the 
current  of  the  gases  and  spicading  the  water, 
run  in  at  the  top,  over  the  inside  of  the  tower. 
The  stream  of  water  kept  up  here  is  only  sulli- 
cient  to  keep  the  packing  always  in  a  moist 
state ;  much  of  it  evaporates,  and  passes  on 
with  the  gas  from  the  top  of  the  small  tower, 
while  a  certain  quantity  of  hot  liquid  collects  at 
the  bottom,  and  is  found  to  consist  almost  en- 
tirely of  the  sulphuric  acid  carried  away  from 
the  furnaces.    Thus  the  gases  are  both  cooled 
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and  are  to  a  great  extent  purified  at  the  same 
time.  On  issuing  from  the  tower,  they  are 
sometimes  conveyed  through  a  somewhat  con- 
sidci  able  length  of  piping,  so  that  further  cooling 
by  the  air  takes  place  before  they  enter  the 
condenser  ;  if  this  string  of  jsipes  is  carried  in 
an  ascending  direction,  the  liquid  condensing 
therein  will  always  run  back  into  the  small 
tower,  and  by  its  evaiJoration  increase  its  cooling 
action. 

The  condensation  proper  is  always  effected 
by  bringing  the  acid  gases  into  extended  contact 
with  surfaces  of  water  which,  by  its  great  ab- 
sorbing power  for  HCl,  retains  this  gas  in  the 
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shape  of  liquid  hydrochloric  acid  and  ultimately 
washes  it  out  of  the  gaseous  mixture  so  that  the 
escaping  gas  is  almost  absolutely  free  from  HCl. 
This  process  is  only  then  carried  out  in  a 
rational  manner,  if  it  succeeds  on  the  one  hand 
in  effecting  a  complete  condensation  of  the  acid, 
that  is,  a  complete  removal  of  the  HCl  from  the 
gases,  and  if,  on  the  other  hand,  it  furnishes 
hydrochloric  acid  of  suflicient  strength  for  direct 
application  or  for  sale. 

The  apparatus  employed  for  condensing 
hydrochloric  acid  is  principally  of  two  different 
kinds.  In  the  first  kind  the  gases  are  made 
to  travel  in  a  large,  imdivided  stream  over  a 
somewhat  large  quantity  of  water,  whose  great 
allinity  for  hydrogen  chloride  will  attract  this 
compound  to  such  an  extent  that  most  of  it  is 
removed  from  the  gases,  provided  the  water 
surface  is  large  enough  and  the  apparatus  is 
arranged  in  a  rational  manner,  as  will  be  de- 
scribed hereafter. 

This  process  may  be  carried  out  in  a  few 
large  stone  cisterns,  or  in  a  considerable  number 
of  stoneware  jars  (receivers,  Woultfe's  bottles, 
bombonncs,  touries).  It  is  very  elHcient  in  its 
way,  and  its  application  is  very  much  to  be 
recommended  as  the  first  stage  of  condensation. 


since  by  its  aid  the  acid  is  obtained  in  the  most 
concentrated  state,  and  the  outward  cooling 
action  on  the  surface  of  the  vessels  is  also  very 
favourable.  But  it  is  hardly  possible  to  exhaust 
the  acid  gases  in  this  way  anything  like  com- 
jjletely,  and  the  second  description  of  condensing- 
plant  ought  therefore  to  be  applied  as  well. 

This  consists  in  dividing  the  current  of 
gases  into  a  great  many  fine  jets  which  are  made 
to  change  their  direction  as  often  a.s  possible, 
and  bringing  these  into  contact  with  water, 
spread  out  in  very  thin  layers  over  a  very  large 
surface.  Usually  one  and  the  same  contrivance 
effects  both  the  purpose  of  dividing  the  gaseous 
current  and  of  spreading  the  feeding-water  over 
a  large  contact  surface.  This  has  been  first 
attained  in  Gossage's  coke-towers,  patented  in 
1836,  which  up  to  this  day  are  employed  in  the 
great  majority  of  alkali  works.  Recently  other 
contrivances  have  been  proposed  as  more  elficient 
than  coke-towers,  and  producing  comislex  con- 
densation in  a  much  smaller  sp)ace,  but  the 
general  principle  is  the  same. 

The  comparative  efficiency  of  various  modes 
of  treating  liquids  with  gases  has  been  dis- 
cussed theoretically  by  Hurter  (S.  C.  I.  18S5, 
G39,  and  1887,  707). 

In  all  the  best  condensing-plants  both  the 
just-mentioned  kinds  of  apparatus  ave  com- 
bined ;  first  the  bulk  of  the  acid  is  condensed 
by  means  of  the  weak  acid  coming  from  the 
tower,  and  then  the  gases  are  completely  de- 
prived of  hydrogen  chloride  by  means  of  a  coke 
tower  or  equivalent  apparatus.  Hence  in  a  well- 
arranged  plant  no  weak  acid  is  produced  at  all 
as  a  final  product. 

We  shall  now  describe  the  apparatus  used 
for  condensing  hydrochloric  acid  according  to 
tiie  most  approved  principles,  pointing  out  the 
various  ways  in  which  the  end  can  be  attained. 

The  apparatus  must  begin  with  the  pipes  or 
flues  conveying  the  gases  from  the  decomposing- 
pans  and  saltcake  furnaces.  As  we  have  seen 
above,  these  must  be  of  various  kind  according 
to  the  nature  of  the  gases  ;  their  length,  width, 
and  material  is  influenced  thereby.  Where  no 
'  cooling-tow^er '  (v.infi  a)  is  employed,  the  extent 
of  piping  is  generally  greater  than  in  the 
opposite  case,  say  at  least  100  feet  for  pan  gas 
or  200  feet  for  roaster  gas  ;  but  recently,  as  we 
have  seen,  this  length  has  been  diminished. 
Pan  gas  is  conveyed  in  12-inch  pipes,  made  of 
glass,  fireclay,  or  stoneware  ;  roaster  gas  from 
muffle  furnaces  in  flues  made  of  brickwork  or 
stone,  to  be  followed  by  earthenware  pipes  of 
from  15  to  18  inches  diameter  ;  gas  from  oijen 
furnaces  for  a  certain  length  in  cast-iron  pipes 
of  2  feet  diameter,  afterwards  also  in  earthen- 
ware pipes. 

Preferably,  in  lieu  of  such  long  pipes  or 
flues,  a  shorter  range  is  laid  down,  and  the 
gases,  while  still  hot,  are  passed  through  a  ccol- 
ing-iowcr  of  the  kind  described  above,  sa}'  4x4 
feet  wide  and  0  to  8  feet  high  inside,  in  which 
they  are  brought  into  contact  with  enough 
moisture  to  cool  them  down  to  a  great  extent, 
and  to  condense  most  of  the  sulphuric  acid 
accompanying  the  hydrochloric  acid.  From 
here  they  are  conveyed  in  a  string  of  earthen- 
ware pipes,  or  in  two  parallel  strings,  to  the 
stone  cisterns  or  jars,  where  the  strongest  acid 
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is  made.  In  England  it  is  usual  to  employ  for 
this  purpose  stojic  tanks  or  cisterns,  say  5x7 
feet  wide  and  3  or  4  feet  high  inside,  of  which 


Tio.  11). 

generally  from  three  to  six  are  combinod.  Such 
tanks  are  sometimes  hollowed  out  of  a  single 
piece  of  stone,  but  this  is  in  most  places  too 


Fig.  17. 

costly  ;  they  are,  therefore,  usually  composed  of 
single  flags,  4  to  G  inches  thick,' held  together 
either  by  '  bevel  joints,'  as  shown  in  figs.  16  and 
17,  or  by  feather-and-tongue  joints,  as  in  fi".  18. 
The  flags  are  bound  together  by  strong  iron 


ties,  as  shown  in  the  diagrams ;  the  joints  ara 
made  tight  either  by  thick  india-rubber  cord, 
laid  between  the  faces  of  each  two  stones,  or  by 
a  mixture  of  tar  and  fireclay  ('  black  stuff '). 
The  stones  to  be  used  for  this  purpose  must  be 
acid-proof,  and  able  to  resist  heat.  Some  de- 
scriptions of  stone  can  be  used  without  any 
special  preparation,  as  the  silicious  sandstones 
from  Southowram  in  Yorkshire,  or  those  from 
Herdecke  in  Westphalia,  or  the  volvic  lava  from 
the  Puy-de-Dome ;  other  stones,  which  are  too 
porous,  must  be  boiled  in  coal-tar  for  a  week  or 
so,  after  having  been  properly  dressed  by  the 
stonemasons,  before  being  put  together.  A  set 
of  such  tanks  is  shown  in  lig.  19. 

lu  France,  Gcnnany,  and  other  countries 
large  cisterns  of  this  kind  are  sometimes  used  as 
well ;  but  at  the  majority  even  of  the  large  works 
stciu'warc  jars  {receivers),  in  the  shape  of  large 
Woulffe's  bottles  (bombonnes,  touries),  are  pre- 
ferred, aa,  as  shown  in  fig.  20.  Of  these  a  long 
row,  or  sometimes  two  parallel  rows,  are  com- 
bined in  such  manner  that  the  acid  gases  pass 
onward  from  the  furnace  towards  the  final  tower 
through  the  elbow  pipes  cc,  and  the  liquid  acid 
travels  the  opposite  way,  rising  in  each  receiver 
from  the  bottom  through  the  pipe  c,  and  over- 
flowing at  d  into  the  next  receiver.  Thus  a  con- 
tinuous slow  stream  is  established,  and  the  sur- 
face of  the  liquid  in  aa  is  continuously  renewed; 
and  as  the  streams  of  acid  and  water  flow  in  an 
opposite  direction,  they  act  upon  each  other  in 
the  most  advantageous  way ;  the  strong  acid 
arriving  at  those  receivers  ^\hich  are  nearest  to 
the  furnace  is  met  there  by  the  most  concentrated 
gas,  and  can  thus  absorb  still  more  HCl,  iu 
spite  of  the  high  temperature  existing  there, 
the  H('l  present  in  the  atmosphere  checking  the 
volatilisation.  On  the  other  hand,  the  gases, 
when  deprived  of  most  of  their  HCl  at  the  oppo- 
site end  of  the  row,  there  meet  with  fresh  water 
or  very  dilute  acid,  which  absorbs  HCl  even  from 
such  weak  gases.    In  only  one  place  the  set  of 


Fio.  18. 

receivers  is  fed  with  liquor,  namely,  at  the  end  ]  The  size  of  each  individual  receiver  varies 
farthest  from  the  furnace,  and  equally,  only  in  from  about  50  to  100  gallons,  rarely  much  more 
one  place  the  finished  acid  runs  off,  u&mely,  at  or  less.  The  number  eniiilovod  in  a  set  varies 
the  end  nearest  to  the  furnaces.  |  from  40  to  100,  but  if  the'  larger  number  is 
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employed,  they  are  generally  arranged  in  two 
parallel  rows,  which,  after  a  certain  time,  when 
the  greater  part  of  the  HCl  has  been  absorbed, 
merge  in  a  single  row,  as  seen  in  the  plan,  lig.  21. 
The  last  of  the  receivers  was  formerly  left  open 
to  the  air,  or  was  connected  with  a  chimney; 


but  it  has  been  found  much  better  to  connect  it 
with  a  coke-tower  or  similar  apparatus,  for  a 
reason  to  be  explained  just  iiow. 

These  stoneware  Jars  are  sometimes  cooled 
from  the  outside  by  a  stream  of  water  ;  but  this 
causes  them  to  crack  more  easily  than  is  other- 


wise the  case,  and  it  is  usually  omitted.  But  it 
is  very  useful  to  aid  the  air-cooling  by  making 
the  connecting  elbows  very  high,  as  shown  in 
fig.  20.  These  jars  should  be  of  the  very  best 
stoneware,  which  is  able  to  resist  somewhat 
violent  changes  of  temperature.  Fig.  21  shows 
a  whole  set  of  receivers  as  arranged  for  a  pan  and 
furnace,  with  a  small  coke-tower  to  finish  with. 

The  advantages  of  the  system  of  jars  are, 
that  there  is  a  large  cooling-surface,  and  that  the 
stock  of  acid  present  in  them  is  to  some  extent 
a  regulator  for  the  variations  in  the  supply  of 
acid  gases,  which  variations  in  most  methods  of 
decomposing  salt  are  a  very  serious  ditliculty  in 
the  way  of  rational  condensation  ;  in  continuous 
processes,  like  Hargreaves'  direct  saltcake  pro- 
cess, or  Mactear's  mechanical  decomposing  pan, 
the  case  is  different.  These  advantages  are  to 
some  extent  shared  by  the  stone  cisterns  de- 
scribed above,  but  the  stoneware  receivers  of  the 
bombonne  kind  are  superior  to  them  in  this 
respect,  that  their  far  more  extended  surface  and 


thinner  walls  secure  a  better  cooling  by  air,  and 
that  they  produce  a  more  regular  flow  of  liquid 
and  gas  in  opposite  directions.  They  are  there- 
fore better  adapted  than  the  stone  tanks  for 
producing  the  maximum  quantity  of  strong 
acid,  testing  from  32  to  3(j°Tw.,  according  to  the 
season,  and  on  this  account  are  preferred  by 
many  manufacturers,  while  others,  and  nearly 
all  the  British  ones,  prefer  the  stone  cisterns  as 
being  less  liable  to  cracking,  to  escape  from  the 
joints,  and  to  other  troubles  in  keeping  them  in 
order.  For  that  reason  many  English  manufac- 
turers reject  even  the  cisterns,  and  confine  them- 
selves exclusively  to  large  coke-towers,  but  they 
cannot  easily  bring  up  their  acid  beyond  28°Tw. 

Neither  stone  tanks  nor  even  a  very  long  row 
of  jars  attain  the  object  of  comjjlctchj  condensing 
the  HCl  contained  in  the  gases.  When  the  per- 
centage of  HCl  in  the  gas  has  become  very  small, 
the  area  of  contact  with  water,  as  offered  in  that 
kind  of  apparatus,  is  much  too  restricted  to  be 
wholly  ellicient ;  the  stream  of  gas  sweeping  over 
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the  surface  of  the  liquid  yields  to  it  but  very  little 
more  of  acid,  and  the  gas  leaving  the  row  of 
tanks  or  receivers  contains  far  more  hydrogen 
chloride  than  is  compatible  with  the  retiuirement 
of  preventing  an  undue  pollution  of  the  atmo- 
sphere. This  had  been  recognised  long  before  the 
law  had  interfered  to  establish  a  limit  to  the 
escape  of  HCl,  and  a  solution  of  the  difticulty 
had  been  found  in  the  system  of  coke-towers.  By 
these  a  practically  complete  condensation  is 
effected,  with  or  without  the  co-operation  of 
tanks  or  jars  ;  but  the  latter  is  always  desirable 


where  acid  of  great  and  nnifonn  strengtli'  iS 
sought  to  be  obtained,  especially  for  sale.  SucU 
towers  are  usually  known  by  the  name  of  con- 
densers. 

Coke-towers  are  erections  of  stone,  more 
rarely  of  bricks  or  of  acid-proof  stoneware,  in 
the  shape  of  perpendicular  shafts,  mostly  (excejit 
with  pipes)  of  a  square  (for  very  wide  towers  of 
an  octagonal)  section,  and  of  somewhat  consider- 
able height,  varying  from  about  40  to  as  much  as 
100  fest.  The  sectional  area  in  the  case  of  square 
stone  or  brick  towers  is  rarely  less  than  5x5  feet, 
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or  more  than  7x7  feet ;  but  recently  they  have 
been  made  up  to  14  feet  diameter,  of  octagonal 
shape.  Thi'y  are  provided  with  a  grating  a  few 
feet  over  the  bottom,  on  which  rosts  the  coke 
which  forms  the  '  pacldng '  of  the  tower.  This 
coke,  which  must  be  of  as  hard  a  quality  as 
possible  (only  the  best  oven-coke  is  applicable 
for  this  purpose),  is  disposed  in  such  a  way  that 
the  gas  is  as  much  as  possible  divided  in  a  large 
ii\imber  of  channels  (none  of  them  being  so  wide 
that  the  bulk  of  the  gas  can  pass  up  through  it), 
and  that  the  current  of  gas  is  constantly  deviated 
in  this  course.  For  this  object  long  pieces  of 
coke  are  lai<l  parallel  in  a  row;  the  next  row  is 
made  to  cross  llie  lower  one,  and  so  forth.  Tlio 
size  of  the  pieces  is  gradually  diminished  from 
bottom  to  top.  It  is  also  suitable  to  place  the 
largest  pieces  outside,  and  smaller  pieces  towards 
the  centre  of  tlie  tower,  wliero  there  is  less  friction 
agauist  the  sides,  and  the  current  of  gas  moves 


more  quickly.  By  th'S  arrangement  there  is 
effected  both  a  great  division  and  constant  mix- 
ture of  the  gases,  and  at  the  same  time  a  suitable 
spreading  of  the  feeding-water  over  a  very  large 
surface.  The  water  (or  sometimes  weak  acid)  is 
fed  in  at  the  top  by  some  contrivance  assuring  a 
uniform  distribution  over  the  whole  area  of  tlie 
tower ;  and  in  drojjping  down  it  keeps  the  ir- 
regular surfaces  of  the  coke  moist  all  over,  tluis 
presenting  a  very  large  area  of  contact  betwesn 
the  gases  and  the  liquid.  In  consequence  of  the 
large  area  of  the  tower  and  the  long  and  circuitous 
way  the  gases  have  to  make  through  it,  they  are 
ultimately  deprived  of  all  their  soluble  parts, 
consisting  princiinilly  of  hydrochloric  acid,  and 
leave  the  tower  in  a  state  lit  to  be  discharged 
into  tiie  atmosphere  without  any  damage  to  the 
neighbourhood. 

It  is,  however,  necessary  that  a  condenser 
should  fulfil  certain  conditions,  if  it  is  to  do.  it* 
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■work  pvopeily.  In  the  first  instance  its  size  must 
be  proportionate  to  the  work  done  ;  if  the  gases 
pass  too  rapidly  through  it,  there  will  not  be 
time  enough  to  effect  a  complete  washing  out  of 
the  acids.  But  it  is  hardly  possible  to  lay  down 
a  strict  rule  as  to  the  minimum  of  condensing 
space  for  a  given  quantity  of  salt  decomposed. 
At  some  works  a  condenser  .5x5  -  50  feet  serves 
two  pans  and  acts  better  than  that  of  another 
works,  where  each  single  pan  is  provided  with  a 
condenser  of  the  same  size.  Everything  dej^ends 
upon  the  way  in  which  the  condenser  is  packed, 
on  the  regularity  of  worlc  in  the  pan  and  fur- 
naces, on  the  proper  regulation  of  the  feed,  on 
the  draught,  even  upon  the  outward  atmospheric 
conditions  ;  and  it  is  unnecessary  to  say  tliat 
nothing  like  the  same  amoimt  of  condensing- 
space  in  the  shape  of  coke-towers  is  required  if 
the  main  work  of  condensation  has  been  pre- 
viously done  by  cooling-pipes  or  flues,  cooling- 
towers,  acid-tanks,  and  Woulffe's  bottles. 

Of  recent  years  (v.  supra)  there  has  been  a 
growing  tendency  in  England  to  do  away  with  all 
cooling-pipes,  cisterns,  wash-towers,  itc,  and  to 
adopt  the  system  of  very  large  stone  towers  to 
do  the  whole  work  of  condensation  for  two  or 
even  more  pots  and  furnaces.  Such  towers  aro 
made  hexagonal  or  octagonal  in  shape,  from  10 
to  I  f  feet  diameter,  and  from  -15  to  70  feet  high, 
and  these,  with  very  hot  gases  and  a  single  con- 
densing shaft  are  found  to  be  very  efficient,  con- 
densing up  to  90i  p.c.  of  the  hydrochloric  acid 
made.  Tliere  is  such  a  condenser  at  the  Westim 
works,  which,  without  cooling-pipes  or  other 
adjuncts,  condenses  the  gases  from  five  saltcake 
pots  and  furnaces,  decomposing  300  to  320  tons 
per  week.  The  escape  from  it  is  O'lO  to  O-].") 
grams  HCl  per  cubic  foot ;  the  acid  made  by  it 
stands  28*=Tw.  coU. 

Of  two  condensing  plants,  one  of  which  was 
provided  with  320  feet  length  of  12-inch  glass 
cooling-pipes,  and  a  condensing  space  in  the 
shape  of  a  coke-tower  of  about  50  cubic  feet  per 
ton  of  salt  per  week,  while  the  second  plant, 
without  any  cooling-pipes,  had  CO  cubic  feet  per 
ton  of  salt  per  week,  the  second  acted  at  least  as 
well  as  the  first.  The  last-mentioned  cubic 
space  is  certainly  sufficient  for  all  purposes,  for 
condensing  the  acid  from  both  pots  and  roasters. 

Brick  toiocrs  are  not  to  be  recommended,  as 
it  is  next  to  impossible  to  keep  the  numerous 
joints  tight  against  acid  oozing  out.  Colmuns 
of  stoneware  pipes  cannot  be  made  of  a  large 
area,  and,  therefore,  are  not  very  well  adapted 
to  large  works,  at  least  if  intended  for  coke- 
towers  ;  but  they  do  very  good  service  at  smaller 
works,  or  as  supplementary  to  a  large  condensing 
plant  of  stoneware  receivers,  or  if  provided  with 
more  efficient  '  packing  '  than  coke  (v.  infra). 
The  material  mostly  employed  for  coke-towers  is 
acid-proof  sandstone  or,  in  France,  volvic  lava, 
just  as  for  acid-tanks  {cf.  siijtra).  The  system  of 
,)oining  the  Hags  together  is  the  same  as  shown 
in  figs.  16  and  17  or  fig.  18,  but  there  is  also 
another  system  shown  in  fig.  22,  in  which  the 
fiags  are  kept  together  by  means  of  grooves 
worked  in  the  stone,  and  without  the  aid  of  any 
ironwork,  which  is  always  a  source  of  anxiety  in 
acid-condensers. 

The  coke-towers  are  generally  placed  at  a 
high  level,  and  are,  if  necessary  for  this  jjurpose, 


put  upon  high  pillars,  for  the  purpose  of  running 
the  acid  from  them  by  natural  gravitation  either 
into  chlorine  stills,  or  first,  through  the  acid- 
tanks  or  receivers,  and  only  then  to  the  stills  or 
into  store  cisterns  for  sale.  They  must  of  course, 
have  a  very  secure  foundation,  in  the  construc- 
tion of  which  not  merely  the  great  weight  of  the" 
tower  must  be  considered,  but  also  the  probability 
that  there  will  be  now  and  then  leakages  of  acid, 
which  may  soften  the  ground  and  "make  the- 
foundation  unsafe.  This  can  be  avoided  by 
asphalting  the  ground  in  such  a  way  that  any 


acid  running  down  cannot  penetrate  into  the 
soil,  and  is  conveyed  to  a  safe  distance.  Any 
damage  done  to  the  foundation,  even  if  it 
amounts  to  much  less  than  would  cause  the 
erection  to  break  down  altogether,  is  extremely 
injurious,  because  it  will  almost  unavoidably 
lead  to  the  tower  getting  out  of  level,  in  which 
case  the  gases  will  always  tend  to  rise  on  the 
higher  side,  and  the  water  will  principally  de- 
scend on  the  lower  side ;  thus  the  necessary 
contact  is  not  attained,  and  the  action  of  the 
condenser  is  most  injuriously  affected. 

Sometimes  two  condensing  towers  are  con- 
nected ;  but  it  is  not  advisable  to  do  tliis  in  such 
way  tliat  the  gas  rises  in  one  and  descends  in 
another,  for  in  this  case  the  gas  and  the  water 
in  the  second  tower  must  travel  in  the  same 
direction,  which  is  not  at  all  good  for  their 
intimate  contact.  In  this  case  we  miss  the 
salutary  action  of  opposite  streams  of  gas  and 
liquid  explained  above  in  connection  with  tliei 
'  bombonnes  '  system.  The  two  towers  should,' 
therefore,  be  connected  in  such  way  that  the 
gas,  ascending  the  first  tower,  is  conveyed  down- 
wards in  a  pipe  and  is  made  to  ascend  in  the 
second  tower  as  well. 
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The  condensers  are  often  left  without  any 
connection  with  a  chimney,  and  then  act  as 
chimneys  themselves;  this  is  especially  fre- 
quently done  with  pan  condensers.  But  it  is 
preferable  to  connect  them  with  a  powerful 
chimney,  and  to  regulate  the  draught  by  similar 
means  to  those  employed  for  vitriol  chamber.s. 
In  this  case  the  analytical  control  of  the  escape, 
being  effected  near  the  ground  level,  is  much 
easier  to  keep  up  to  the  standard  of  elliciency. 

It  has  been  already  stated  that  the  feeding  of 
tlw  condenser  with  water  must  take  place  in  such 
manner  as  to  supply  the  whole  area  of  it  with 
moisture.  This  can  be  done  in  various  ways. 
The  plan  formerly  considered  as  most  efficient 
is  that  of  a  distributing  wheel  (shown  in  figs.  2b 
and  21),  worked  by  the  pressure  of  the  feed-water 
itself.  This  causes  the  stream  of  water  to  reach 
successively  every  one  of  the  holes  on  the  top  of 
the  condenser,  and  thus  secures  a  uniform  action, 
without  depending  upon  the  top  of  the  tower 


above,  on  a  larger  scale ;  and  fig.  27  the  same  in 
section. 

It  consists  of  an  erection  of  earthenware 
pipes.  A,  n.  c,  filled  with  a  series  of  perforated 


||iMi^pi|i|ii'|^^g 


Fig.  23. 

being  at  a  mathematical  level.  Eecently  most 
manufacturer.s  have  done  away  with  these  acid- 
wheels,  and  have  introduced  troughs  provided 
w-ith  a  number  of  overflows  all  at  the  same  level, 
feeding  the  same  number  of  '  lutes,'  c,  c. 

Sometimes  other  materials  are  substittitcd 
for  coke  as  a  packing  of  condensers.  In  the 
case  of  the  gases  of  open  roasters  fired  with 
coal,  a  coke  packing  would  soon  bo  stopjjed  up 
Willi  soot ;  in  this  case  the  condensers  are  loosely 
packed  with  bricks,  which  leave  sufficient  spaces 
between  them,  and  which  can  be  cleaned  by 
ilusliing  them  out  witii  a  stream  of  water,  but 
only  weak  acid  can  be  obtained  in  this  way.  On 
the  other  hand,  many  inventors  have  tried  to 
substitute  for  coice  a  packing  made  of  earthen- 
ware, mouUled  in  special  shapes,  but  these  at- 
tempts were  usually  not  made  in  a  very  rational 
way,  and  were  soon  given  up.  The  most  recent 
form  of  apparatus  intended  for  replacmg  coke- 
towers  is  the  'plate-column'  of  Lunge  and 
Kohrniann,  shown  in  lig.  2,5  in  sections;  fig,  26 
shows  a  piece  of  one  of  the  plates  as  seen  from 
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plates,  E,  E,  the  perforations  being  made  to 
alternate  in  successive  plates,  so  that  each  hole 
corresponds  to  a  solid  place  in  the  plates  just 
above  and  below.    The  plates  are  covered  with  a 


i'lG.  20.  Fig.  27. 

network  of  small  ledges,  so  that  each  hole  is  in  the 
centre  of  a  minute  cistern,  as  shown  in  fig.  20. 
The  rim  of  the  holes  is  somewhat  raised,  but 
not  as  high  as  the  sijuare  ledges.  This  arrange- 
ment has  the  following  action.  The  water,  fed 
on  the  top  by  the  distributing  arrangement  i>, 
forms  a  very  shallow  layer  (about  inch  deep) 
in  every  one  of  the  tiny  basins  fonned  by  the 
network  of  ledges.  The  water  dropping  down 
from  above  forces  the  contents  of  each  small 
basin  through  the  hole,  where  it  forms  a  drop, 
which,  on  falling  down,  meets  the  point  of  union 
of  four  small  basins,  and,  in  splashing  about, 
forces  their  contents  through  the  four  respective 
holes  on  to  the  plate  next  below,  and  so  forth. 
Thus  each  plate  is  kept  moistened  with  a  con- 
tinuously renewed  surface  of  water,  standing  in 
a  very  shallow  layer  upon  it,  and  adhering  to 
the  sides  of  the  holes  and  the  bottom  of  the 
plates  as  well.  The  ascending  gases  are  divided 
into  very  many  (more  than  1,000)  small  and 
perfectly  equal  jets,  which  must  change  their 
direction  with  each  successive  plate,  owing  to 
the  alternation  of  the  holes.  This,  as  well  as 
the  innumerable  shocks  the  gases  suffer  in  is- 
suing from  the  holes  of  one  plate  against  the 
solid  plates  of  the  next  higher  plate,  produces  an 
incessant  intimate  mixture  of  the  gases.  No 
false  channels  can  exist  here  in  which  the  gases 
and  liquids  can  travel  separately  without  coming 
into  proper  contact  with  each  other,  such  as 
are  never  absent  in  coke  towers.  Thus  the 
most  favourable  conditions  are  produced  for  a 
mutual  action  of  the  gaseous  and  liquid  sub- 
stances, and  in  consequence  of  this  the  conden- 
sation takes  place  in  a  fraction  of  the  space 
required  for  a  coke  condenser.  Such  plate- 
columns  are  best  put  behind  a  certain  number  of 
tanks  or  jars,  in  which  the  gases  are  well  cooled 
beforehand,  and  the  bulk  of  the  acid  is  con- 
densed. The  remainder  being  taken  out  in  the 
plate  columns,  the  acid  condensed  in  these  is 
made  to  flow  through  the  tanks  or  jars,  and  is 
got  up  to  strength  here. 

At  some  works,  wash  towers  or  '  post-con- 
densers '  are  used — that  is,  special  condensing 
towers,  in  which  the  gases  are  subjected  to  a 
final  washing  before  issuing  into  the  atmosphere. 
The  acid  made  here  is  too  weak  for  any  prac- 
tical use,  and  is  mostly  run  away.  Sometimes 
it  is  pumped  up,  and  used  for  feeding  the  proper 
condensing  towers,  but  it  is  always  a  trouble- 
some jjrocess  to  pump  a  substance  like  hydro- 
chloric acid,  even  in  a  diluted  state.  Under 
ordinary  circumstances  no  post-condensers  ought 
to  be  required  at  all,  especially  if  the  bulk  of 
the  acid  is  condensetl  beforehand  in  tanks  or 
stoneware  receivers ;  the  work  put  upon  the 
condensing  towers  is  not  too  much  to  be  fuUij 
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done  in  thom,  and  the  acid  flowing  away  from 
them,  although  too  weak  for  direct  use,  is 
brought  up  to  full  strength  in  the  tanks  or 
receivers,  so  that  no  weak  acid  whatever  need  be 
run  away,  as  we  have  seen  above  when  mention- 
ing the  recent  large-sized  kind  of  condensers. 

TIlc  loorking  of  tlie  condensing  plant  is  far 
the  easiest  where  the  evolution  of  gas  is  con- 
tinuous and  going  on  at  an  even  pace,  as  in  the 
Hargreaves  process  or  with  Mactear's  furnaces. 
In  this  case  the  feed  of  water  need  only  be  set 
once  for  all,  and  no  further  supervision  is  neces- 
sary. Tliis  regularity  of  work  makes  condensa- 
tion a  comparatively  easy  task  in  the  above 
cases,  although  there  all  the  HOI  is  greatly 
diluted  with  inert  gases.  It  is  very  different 
with  ordinary  saltcake  pans  and  furnaces,  where 
most  of  the  gas  comes  off  at  the  first  stage  of 
the  process,  and  the  percentage  of  HCl  in  the 
gas  presents  very  great  variations.  The  feed  of 
water  must  be  frequently  altered  to  suit  these 
changes,  and  the  case  would  be  even  worse  if  the 
somewhat  large  quantity  of  liquid  contained  in  the 
condensers  and  tanks  did  not  act  as  a  regulator. 

Of  course  a  constant  control  must  be  exer- 
cised in  order  to  satisfy  the  requirements  of  the 
law.  The  exits  of  the  condensers,  where  these 
are  not  connected  with  a  chimney,  the  connect- 
ing pipes  with  the  chimney,  where  such  exist, 
and  ultimately  the  chimneys  themselves,  must 
be  tested  at  least  once  a  day,  but  preferably  by  a 
continuously  acting  aspirator,  in  order  to  ascer- 
tain the  amount  of  acid  escaping,  distinguishing 
between  HOI  and  SOo.  The  rules  laid  down  by 
the  Alkali  Makers'  Association  for  this  purpose 
are  as  follows.  A  continuous  test  over  24  hours 
in  one  chimney,  with  inteniiittent  daily  bellows 
test  at  nine  o'clock,  or  other  sijecified  time,  to 
be  taken  and  recorded.  The  observing  ap- 
paratus to  consist  of  three  bottles  or  tubes,  con- 
taining not  less  than  100  c.c.  of  absorbing  liquid 
of  a  depth  of  3  inches  in  each.  The  aperture  of 
the  inlet  tube  of  the  first  bottle  not  to  exceed 
tJ-  inch  in  diameter,  of  the  second  and  third 
tIj.  Absorbing  liquid  :  water  free  from  chlorides, 
speed  of  aspiration,  as  near  as  possible,  |  cubic 
foot  per  hour.  Mode  of  testing :  decinormal 
silver  nitrate  (10-8  gram  Ag  per  litre),  with 
chromate  indicator.  The  variations  of  tempera- 
ture and  barometric  pressure  to  be  noted,  and 
corrections  made  to  60°F.  and  30  inches  Bar. 
The  results  to  be  stated  in  grains  per  cubic  foot.' 
To  this  the  remark  must  be  made  that  the 
chromate  indicator  does  not  act  when  S0._,  occurs 
in  the  gas,  as  is  frequently  the  case  ;  this  can  be 
remedied  by  oxidising  the  SO^.  by  means  of 
potassium  permanganate. 

The  yield  of  hydroehloiic  acid,  at  the  very 
best  conducted  works,  is  148  parts  of  acid, 
standing  at  84  to  3G°Tw.  (1-70  to  1-80 
sp.gr.)  for  100  parts  of  saltcake.  This  is  very 
nearly  the  theoretical  yield,  and  at  most  works 
a  smaller  quantity — say,  140  or  130  iJarts^ 
of  strong  acid  is  made. 

The  concentration  of  the  acid  varies  both 
with  the  construction  of  the  apparatus  and  with 
the  season.  With  coke  condensers  alone  it  is 
difficult  to  make  acid  above  28°,  or  at  most 
0°Tw.,  even  from   pan-gas,  and  in  winter ; 

'  For  more  exact  prescriptions  see  Lunge  and  Hnrter's 
Alkali  Milkers'  Pocket  Book,  101  and  1U5. 
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but  where  tanlis  or  jars  are  provided,  not  merely 
the  pan -gas,  but  even  the  gas  from  close  roasters, 
is  made  to  yield  acid  of  3G°T\v.  in  the  cold 
season,  and  some  get  up  to  38^T\v.  In  summer 
it  is  difficult  to  exceed  31°,  but  the  strength 
ought  not  to  fall  below  32°Tw.  (measured  at 
15°C.).  The  gas  from  open  roasters  is  rarely 
made  above  24°  or  2G°Tw.,  even  where  they  are 
fired  with  coke  ;  and  when  firing  them  with  coals 
the  acid  obtained  is  only  2^  or  3°  strong. 

The  iinptirities  found  in  commercial  liydro- 
cjiloric  acid  are,  chiefly,  sulphuric  acid,  ferric 
chloride,  arsenic,  and  either  free  chlorine  or  sul- 
phurous acid.  The  acid  condensed  from  the  pan 
gas  is  always  much  purer  than  that  from  the 
roaster  gas.  The  quantity  of  sulphuric  acid 
sometimes  amounts  to  2  p.c.  and  upwards ;  it  is 
very  troublesome  in  the  Weldon,  and  even  more 
in  the  Deacon,  chlorine  process  and  in  some 
other  applications  of  hydrochloric  acid.  Most 
of  it  can  be  kept  out  by  employing  a  small 
'  cooling  tower,'  as  described  above ;  and  its 
complete  removal  is  easily  effec>jd  by  a  cautious 
addition  of  barium  chloride,  in  which  case  the 
precipitated  barium  sulphate,  it  collected  in  a 
clean  state,  forms  a  saleable  by-jiroduct  as 
a  white  paint  for  staining  wall-papers,  Ac. 
Even  calcium  chloride  removes  much  of  the 
sulphuric  acid — sufficiently  so  for  the  Weldon 
process  (Strype's  Patent,  1882). 

The  following  proposals  have  been  made  for 
removing  the  sulphuric  acid  from  the  hydro- 
chloric acid  during  the  condensation  itself,  or 
immediately  after,  in  order  to  utilise  the  roaster 
acid — otherwise  not  suitable  for  the  Deacon  pro- 
cess—for this  cheap  mode  of  obtaining  chlorine. 

Solvay  passes  the  impure  gases  into  a  con- 
centrated solution  of  calcium  chloride,  which 
retains  the  hydrochloric  acid  as  well  as  the 
sulphuric  acid,  and  allows  the  inert  gases  to 
pass  away.  On  heating  the  solution,  pure  HCl 
is  given  oil,  and  can  be  used  as  such.  This  is 
greatly  promoted  by  passing  a  stream  of  air 
through  the  hot  solution,  the  mixture  of  air  and 
HCl  being  very  suitable  for  the  Deacon  process. 

Hascnclevcr  (E.  P.  3,3'J3  of  18S3)  mixes  the 
impure  acid,  previously  condensed,  with  hot 
sulphuric  acid,  and  accelerates  the  liberation  of 
HCl  by  blowing  in  air  or  stirring.  The  diluted 
sulphuric  acid  is  used  over  again  after  being 
concentrated  by  evaporation.  This  process  is 
also  especially  adapted  to  the  Deacon  process, 
and  seems  to  be  very  successful ;  but  it  involves 
the  concentration  of  a  very  large  amount  of  sul- 
phuric acid. 

Lunge  and  Naef  (1887)  attain  the  same  end 
by  blowing  hot  air  or  roaster  gas  through  the 
previously  heated  impure  acid,  thus  volatilising 
pure  HCl  along  with  the  air  required  to  convert 
it  into  chlorine  by  Deacon's  process. 

Deacon  and  llurter  (1889)  pass  the  impure 
gases  through  rock  salt,  which  causes  the  sul- 
phuric acid  to  be  retained  in  the  shape  of  sulphate 
of  soda,  HCl  being  given  off. 

Arsenic  gets  into  the  hydrochloric  acid 
through  the  sulphuric  acid  employed  in  its 
inanufacture  ;  the  arsenic  is  thereby  converted 
into  AsCl^,  and  passes  as  such  into  the  conden- 
smg  apparatus.  Many  plans  have  been  proposed 
for  Its  removal-most  frequently  a'  treatment 
With  sulphuretted  hydrogen  or  with  sulphides. 


Bettendorf  (D.  P.  J.  194,  253)  precipitates  the 
arsenic  from  concentrated  hydrochloric  acid 
by  stannous  chloride,  distilling  it  afterwards. 
Duflos  dilutes  the  acid  to  sp.gr.  1-13,  and  digests 
it  with  strips  of  sheet  copper  at  30°C.  for  twenty- 
four  hours,  and  repeats  this  treatment  with 
freshly  scoured  copper.  This  removes  all  the 
arsenic  and  the  free  chlorine,  and  reduces  the 
ferric  chloride  to  ferrous  chloride,  which  re- 
mains behind  on  distillation.  Beckurts  (Fischer's 
Jahresb.  1884,  348)  distils  hydrochloric  acid  with 
ferrous  chloride  and  removes  the  tirst  30  p.c 
containing  all  the  arsenic. 

Even  selenium  is  sometimes  found  in  such 
quantities  in  hydrochloric  acid  as  to  be  trouble- 
some in  its  application  (Davis,  S.  C.  1. 1883, 157). 

HVDBOCHLOBIC  AciD  FROM   OTHER  SoCBCES  THAN 

THE  Leblaxc  Process. 

Hydrochloric  acid  from  calcium  chloride. 
In  connection  with  the  ammonia-soda  process, 
in  which  the  chlorine  of  the  salt  passes  into  the 
state  of  calcium  chloride,  very  many  proposals 
have  been  made  for  treating  the  latter  substance 
so  as  to  obtain  HCl  therefrom.  Most  of  these 
have  at  the  same  time  for  their  object  the  direct 
production  of  free  chlorine,  and  the  hydrochloric 
acid  is  in  this  case  merely  an  accidental,  but 
unavoidable,  by-product.  (These  processes  are 
described  earlier  in  this  article.)  In  this  place 
we  mention  only  some  of  the  proposals  for  ob- 
taining HCl  from  CaCL,  none  of  which  has  had 
any  practical  success. 

Solvay  treats  calcium  chloride,  mixed  with 
silica  or  aluminium  silicates,  in  a  current  of 
superheated  steam  (Patents  of  1877  and  following 
years). 

Hydrochloric  acid  from  inagncsium  chloride. 
This  salt,  wliich  occurs  in  enormous  quantities 
as  a  waste  product  of  the  Stassfurt  potassium 
industry  (200.000  tons  in  1887),  and  which  is 
sometimes  obtained  as  a  by-product  in  other 
technical  operations,  yields  very  much  hydrogen 
chloride  when  its  solution  is  concentrated  beyond 
the  point  where  the  compound  IMgCLtiH  .0  would 
be  formed.  Both  the  produi'tion  of  hydrochloric 
acid  and  the  direct  production  of  chlorine  f.om 

j  magnesium  chloride  have  been  the  object  of  in- 
numerable attempts,  a  synopsis  of  which  is  given 
by  Eschelhnann  in  Chcmische  Industrie,  188!),  2, 
et  seq.  He  also  describes  there  an  extended  series 
of  laboratory  experiments  by  which  he  studied  the 
decomposition  of  MgCl.  +  H,0  into  MgO-)-2HCl. 
It  is  well  known  that  the  reaction  is  not  as  simple 
as  is  represented  by  that  ccpuition,  a  large  quan- 

I  tity  of  magnesium  oxychloride  being  formed. 
On  heating  the  liquor  uj)  to  250  C.,  just  one-third 
of  the  HCl  is  set  free,  and  up  to  350 'C.  the  action 
proceeds  no  further.  Above  that  temperature 
the  decomposition  sets  in  again,  aud  at  about 
550°  half  of  the  HCl  has  been  removed,  leaving 
a  residue  of  the  composition  MgU.MgCL.  A  com- 
plete decomposition  can  be  produced  only  by 
supplying  more  steam,  since  all  the  water  ig 
driven  out  long  before  driving  out  tlie  HCl.  This 
can  be  produced  in  one  of  the  following  ways  : — • 
1.  Heating  the  MgCL,Oaq  from  without,  and 
introducing  superheated  steam  into  the  heated 
salt.  This  was  patented  in  various  ways  — by 
Clemm  in  18(54,  Weldon  in  1871,  Heinzerling 
and  Schniid  in  1887.    This  admits  of  easy  con- 
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densation  of  tlie  IICl,  but  heating  from  without 
is  hardly  practicable,  and  the  contact  between 
the  steam  and  the  salt  is  never  intimate  enough. 

2.  Mixing  the  MgCl._„6aq  with  such  salts  as 
lose  their  water  only  at  a  high  temperature, 
heating  that  mixture,  and  ultimately  recovering 
the  salts  employed. 

This  was  attempted  by  Eschellmann  (IRSl) 
■with  the  aid  of  Kieserite  or  Epsom  salts ;  by 
Kontlier  (1H87)  with  calcium  chloride.  The 
expense  is,  however,  too  great. 

3.  Heating  the  MgCl2,0aq  by  a  direct  flame, 
employing  either  coal  containing  much  water  or 
directly  mixing  steam  with  the  products  of  the 
combustion  of  fuel. 

To  this  class  belong  the  patents  of  Solvay 
(1877-1888),  Kanidohr  "(1879),  Weldon  (1881), 
Eamdohr  and  Blumenthal  (1881),  Vogt  (1885), 
Salzbergwerk  Neustassfurt  (1885  and  1888).  The 
advantage  in  this  case  is  the  economical  use  of 
the  heat  by  the  direct  contact  of  the  fuel  gases 
with  the  magnesium  chloride  ;  but  there  is  the 
great  drawback  that  the  HCl  is  mixed  with  a 
large  amount  of  impurities  and  inert  gases,  and 
its  condensation  to  pure  strong  acid  is  very  dilfi- 
cult  of  attainment.  Most  of  these  patents  refer 
at  the  same  time  to  a  direct  production  of 
chlorine,  by  means  of  an  oxidising  flame,  and 
some  of  them  to  the  production  of  magnesia  as 
a  technical  product.  As  a  means  of  manufac- 
turing hydrochloric  acid  by  itself,  none  of  these 
processes  can  compete  with  the  ordinary  Leblanc 
process.  The  most  promising  of  all  new  pro- 
cesses, that  of  Weldon  and  Pechiney,  is  not  in- 
tended for  hydrochloric  acid,  but  for  chlorine, 
where  description  of  it  will  be  found. 

Other  Stassfurt  products,  the  minerals  car- 
nallitc  and  kiiinitc,  are  the  subject  of  a  patent  of 
Solvay's  (1888),  who  recovers  from  them  both 
HCl  and  CI  by  the  same  means  as  he  employs 
for  calcium  chloride  (cf.  supra). 

Hydrochloric    acid  from    the.  ammonium 
chloride  of  the  ammonia-soda  ijrorcss  (cf.  this 
for  many  details).   Mond  (1883)  heats  the  ammo- 
nium chloride  with  so  much  sulphuric  acid  that 
the  acid  sulphate  is  formed  and  all  HCl  is  ex- 
pelled.   The  acid  sulphate  is  converted  by  means 
of  ammoniacal  vapours  into  the  neutral  salt  of 
commerce.    0.  N.  Witt  (1886)  expels  the  HCl 
from  NH|C1  by  means  of  syrupy  phosphoric 
acid,  which  forms  ammonium  j^hosphate.  On 
heating  this  at  a  higher  temperature,  the  am-  i 
monia  is  driven  out  as  well,  and  the  phosphoric 
acid  is  regenerated.    Jurisch  (D.  P.  J.  207,  431)  ' 
has  shown  that  this  jirocess  is  not  practicable,  j 
because  there  is  no  material  known  which  resists  | 
the  fusing  phosphoric  acid,  and  only  03  to  8(5 
p.c.  of  the  NHj  is  recovered.  ' 

Mond  passes  the  vapour  of  ammonium  chlor- 
ide over  nickel  oxide,  heated  to  at  least  350''C., 
which  absorbs  the  HCl  aud  allows  the  NH.,  to 
pass  on.  After  a  certain  time  the  process  is 
changed  by  I'aising  the  temperature  to  500°  or 
000°C.  and  decomposing  the  nickel  chloride  by 
steam,  when  HCl  is  driven  oS  and  NiO  regene- 
rated.   (Several  patents  taken  out  in  1880.) 

The  conveyance  of  hydrochloric  acid  mostly 
takes  place  in  glass  carboys  with  basket  or  wire 
hampers,  sometimes  in  earthenware  carboys  of  , 
the  same  size  (about  10  or  12  gallons).    Gutta  [ 
pcrclia  vessels,  which  were  formerly  in  use  at  ■ 


some  places,  have  been  discontinued  on  account 
of  their  great  expense.  At  some  manufactories 
in  Germany  the  acid  makers  employ  for  railway 
transit  very  large  earthenware  jars,  holding 
about  a  ton  each,  supported  by  somewhat  elastic 
woodwork,  in  order  to  resist  the  unavoidable 
shocks  in  shunting  &c.  Ebonite  tanks  have  also 
been  used  occasionally.  At  a  large  French 
works  they  use  iron  cylinders,  lined  with  ebonite, 
holding  eight  tons  each,  with  great  success. 

'i^he  applications  of  hydrochloric  acid  are  very 
numerous,  but  most  of  it  serves  for  producing 
chlorine.  The  acid  is,  moreover,  used  for 
preparing  the  chlorides  of  various  metals,  for 
extracting  the  phosphates  from  bones  itc,  for 
IJurifying  bone-char  (it  must  be  quite  free  from 
sulphuric  acid  for  this  purpose),  in  dyeing  aud 
tissue-printing,  for  preparing  carbonic  acid,  for 
neutralising  the  alkaline  '  melts  '  in  the  manu- 
facture of  alizarin,  resorcin,  Ac,  in  manufac- 
turing many  other  coal-tar  colours,  for  recover- 
ing sulphur  from  alkali  waste  by  Mond's  and 
Schaffner's  process  (now  obsolete),  and  for  in- 
numerable other  purposes.  G.  L. 

CHLOROFORM  Trichloromc thane  CHCl,,. 

Chloroform  was  discovered  by  Liebig  in  1831 
(P.  23,  442),  and  independently,  about  the  same 
time,  by  Soubeiran  (A.  Ch.  [2]  48,  131).  Besides 
its  \vell-known  use  as  an  anresthetic,  for  which 
purpose  it  was  introduced  by  Simpson  in  1848 
(Edin.  Monthly  J.  Med.  Sc.  8,  415),  it  is  largely 
employed  as  a  solvent  in  chemical  manufactures. 
It  is  also  a  valuable  antiseptic,  and  in  medicine 
its  applications  are  numerous,  especially  in  the 
case  of  spasmodic  diseases. 

Formation. — 1.  By  the  action  of  alkalis  on 
chloral  CCl.CHO  +  NaHO  =  CHCl,  +  HCOONa 
(Liebig,  P.  23,  442  ;  A.  1,  199  ;  102,  IGl).— 2.  By 
acting  on  alcohol  with  bleaching  powder.  The 
hypochlorite  of  the  bleaching  powder  probably, 
in  the  first  instance,  converts  the  alcohol  into 
aldehyde,  then  into  chloral,  liberating  calcium 
hydroxide,  which  latter,  reacting  on  the  chloral, 
converts  it  into  chloroform  and  calcium  formate  : 

(-()  4O]i,Cir,01I  +  2CaCI,O„=lCH3CHO  +  2C.iCi. 4-411^0. 
(6)  4CHjCHO-1-6Cj,CLO,,=4CCI3CHO  +CCa(OH),. 
(c)  4GCIjCHO-t-2Ga(dH)j=4CHCI,-l-2(HC'OU),Oa. 

(Liebig ;  Soubeiran,  A.  Ch.  [2]  48,  131 ;  Sou- 
beiran  a.  Miallit',  A.  71,  225).  A  very  similar 
reaction  takes  place  when  a  mixture  of  alcohol 
and  an  alkaline  chloride  is  submitted  to  electro- 
lysis, whereby  chloroform  is  also  produced 
(Patent,  S.  C.  1.  1885,  243).  Methylic  cannot  be 
substituted  for  ethylic  alcohol  in  these  processes, 
for  it  yields  no  chloroform  when  treated  with 
bleaching  powder  (Belohoubek,  A.  105,  349).— 
3.  Chloroform  is  produced  by  the  action  of  chlor- 
ine or  bleaching  powder  on  acetone  or  acetic 
acid  (Liebig)  or  acetophenone  (Orndorff  a.  .Tessel, 
Am.  10,  363).  With  acetone  the  reaction  is 
2CO(CH,).,-^0CaOCl„ 
=  2CHCI3  -f  2Ca(0H),,  -I-  3CaCl,  +  (CH,COO),CA 
(0.  a.  J.). — 4.  By  heating  trichloroacetic  acid 
with  water,  alkalis,  or  ammonia 

CCl ,C00H  4-  H ,0  =  CHCl,  +  CO.,  +  H.O 
(Dumas,  A.  Ch.  [2]  50, 115  ;  A.  32, 101  ;  Beckurts 
a.  Otto,  B.  14,  589). — 5.  Chloroform  is  also 
produced  by  reacting  upon  turpentine  and  the 
terpenes  with  bleaching  powder  (Chautard,  J. 
1851,  501). — 6.  By  the  action  of  nascent  hydrogen 
on  carbon  tetrachloride  (Geuther,  A.  107,  212). — 
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7.  Together  with  methylene  chloride  by  treat-  | 
ment  of  niethyl  chloride  with  chlorine  in  sunlight 
(Itcgnault,  A.  33,  328). — 8.  From  iodoform  by 
the  action  of  phosphorus  pentachloride  (Gautier, 
Bl.  [2]  13,  127).  I 

Manufactitre.  —  Chloroform  is  chiefly  pre-  j 
pared  by  distilling  a  mixture  of  bleaching  powder, 
water,  and  alcohol,  with  or  without  the  addition 
of  slaked  lime.  The  diluted  alcohol  is  warmed 
in  a  still  to  which  a  condenser  is  attached,  and  , 
tiien  the  bleaching  powder  and  lime  is  added, 
and  the  temperature  raised  till  chloroform  begins 
to  come  over,  after  which  the  heat  evolved  by 
the  reaction  itself  suffices  to  complete  the  dis- 
tillation. Sometimes  an  evolution  of  oxygen 
has  been  noticed  during  the  progress  of  the  I 
reaction.  This  arises  from  decomposition  of 
part  of  the  hypochlorite  by  heat  (Bcchamp,  A. 
Ch.  [o]  22,  347).  Operators  differ  as  to  the  best 
proportions  of  alcohol  and  bleaching  powder  to 
be  employed  (cf.  Kessler,  J.  Ph.  [3]  13,  162 ; 
Simmcrling,  Ar.  Ph.  [2]  53,23  ;  Belohoubek,  I.e.; 
Brit.  Pharm.  1885,  108).  For  small  quantities 
the  directions  of  the  Pharuiacopccia  may  be 
followed.  The  apparatus  used  for  manufacturing 
on  a  larger  scale  usually  consists  of  a  generator 
with  an  attached  condenser  and  receiver,  a  wash- 
ing apparatus  and  tanks,  all  made  of  iron,  and  a 
copper  still  for  the  final  rectilication  [cf.  Chem. 
Z.  10,  338).  The  generator  is  cylindrical,  I'l  m. 
high,  and  2  m.  in  diameter,  and  is  constructed 
of  boiler  plate  13-14  mm.  in  thickness.  It  is 
fitted  with  an  agitator,  a  man-hole  through  which 
the  charge  is  introduced,  a  tube  75  cm.  in  dia- 
meter connecting  with  the  condenser,  and  two 
other  tubes,  the  one  for  the  introduction  of  water 
and  the  other  for  steam.  A  tube  passes  through 
the  plate  at  one  place  closed  at  the  lower  end 
and  tilled  with  oil  to  hold  a  thermometer.  There 
is  also  arranged,  outside  the  generator,  a  leaden 
tube  connected  with  the  water  supply,  hy  which 
a  small  current  of  water  can  be  spread  over  the 
generator  when,  as  sometimes  occurs,  the  tem- 
perature of  the  reaction  rises  too  high.  The 
tube  leading  to  the  condenser  should  be  short, 
and  should  have  as  great  a  dip  as  possible.  Be- 
iween  the  condenser  and  the  receiver  is  inserted 
a  piece  of  ghiss  tubing,  by  means  of  which  the 
evolution  of  chloroform  may  be  observed.  The 
receiver  is  a  cylindrical  tank  made  of  boiler- 
plate about  15  mm.  in  thickness  and  is  about 
75  cm.  high  and  40  cm.  in  diameter.  The 
washing  apparatus  consists  of  a  narrow  high 
cylinder  with  a  rounded  bottom  in  which  is  fitted 
an  agitator  in  the  shape  of  a  ship's  screw.  This, 
when  working,  keeps  up  a  movement  of  the 
licpiid  from  below  upwards.  Tups  are  placed  in 
the  sides  to  draw  olY  the  alcoholic  wasliings. 
The  linal  rectification  is  conducted  in  a  copper 
still,  the  arm  of  wliich  leading  to  the  condenser 
is  made  as  short  as  possible. 

Tlnco  parts  of  85  p.c.  alcohol  diluted  with 
CO  parts  of  water  are  added  to  the  generator, 
and  then,  while  the  agitator  is  in  motion,  12 
parts  of  bleaching  powder,  which  should  contain 
not,  less  than  35  p.c.  of  available  chlorine.  Steam 
is  applied  till  a  temperature  of  40°  is  obtained, 
when  it  is  shut  ofT.  The  temperature  still  rising, 
the  agitator  is  stopped  when  about  46°  are  in- 
dicated, after  which  the  heat  of  the  reaction 
causes  a  further  increase  in  temperature  wliich 


generally  does  not  exceed  GO".  If  it  should  rise 
higher  than  C0°  the  cooling  apparatus  must  be 
made  use  of.  The  beginning  of  the  reaction  is 
marked  by  a  line  rain  of  chloroform,  alcoliol  and 
water  being  driven  rapidly  through  the  con- 
denser tube,  and  the  air  contained  in  the  appa- 
ratus being  energetically  expelled.  The  chloro- 
fonn  soon  follows,  the  agitator  being  set  in 
motion  to  assist  towards  the  close  of  the  distilla- 
tion. When  the  product  on  being  examined 
ceases  to  separate  in  layers,  when,  in  fact,  it 
consists  of  a  solution  of  chloroform  in  alcohol, 
it  should  be  collected  separately.  This  is  con- 
tinued until,  on  the  addition  of  water  to  the  dis- 
tillate, no  further  separation  of  chlorofonn  t^kes 
place.  After  the  chloroform  has  all  come  over 
a  quantity  of  weak  spirit  is  recovered.  The  crude 
chloroform  is  then  thoroughly  washed  in  the 
washing  apparatus,  and  finally  rectified  from 
the  copper  still.  The  washings,  together  with 
the  various  spirituous  distillates,  are  utilised  in 
subsequent  operations  (cf.  Ch.  Z.  10,  338). 

In  England  cliloroform  is  prepared  not  only 
from  '  rectified  spirit,'  but  also  from  the  duty- 
free '  methylated  spirit,'  a  mixture  of  rectified 
spirit  with  10  p.c.  of  wood  naphtha.  The  latter 
product  can  be  sold  at  a  much  lower  price  than 
the  former.  It  has  been  doubted  whether  it  is 
applicable  to  purposes  of  inhalation,  but  the 
weight  of  evidence  is  in  favour  of  the  view  that 
'methylated  '  chloroform  when  properly  purified 
may  be  employed  as  an  ana'sthetic  with  pre- 
cisely the  same  degree  of  safety  as  chloroform 
prepared  from  rectified  spirit.  Indeed,  it  seems 
impossible,  either  chemically  or  physiologically, 
to  distinguish  the  one  from  the  other. 

Other  reactions  employed  for  the  manufac- 
ture of  chloroform  are  :  the  action  of  bleaching 
powder  on  acetone,  of  which  method  particulars 
are  given  with  drawings  of  apparatus  by  Sadtler 
(Ph.  [3]  20,  84)  ;  the  electrolysis  of  solutions  of 
chlorides  of  the  metals  of  the  alkalis  or  alkaline 
earths  in  alcohol  or  acetone,  the  whole  being 
kept  heated  during  the  operation  (Patent,  S.  C.  I. 
1885,  243) ;  and  the  destructive  distillation  of 
acetates,  and  subsequent  treatment  of  the  distil- 
late with  hypochlorite  (Patent,  S.  C.  1. 1885,  Oil). 

The  chloroform  prepared  by  any  of  the  above- 
mentioned  processes  is  not  of  so  high  a  degree 
of  purity  as  that  produced  by  the  action  of 
alkalis  on  previously  purified  chloral,  and  re- 
quires purification  before  it  is  adapted  for  pur- 
poses of  inhalation.  The  first  step  is  usually  to 
1  wash  it  with  water,  which  removes  traces  of 
ethylic  alcohol.  Then  it  is  left  for  a  short  time 
in  contact  with  sulphuric  acid  (Gregory,  Pr. 
E.  1850,  391)  wliich  must  be  free  from  nitrous 
compounds  (cf.  Cliristison.  Ph.  10,  253  ;  Red- 
wood, Y,  B.  Ph.  1870,  110).  This  acid  has 
no  action  on  chlorofonn  itself  unless  the  opera- 
tion be  unduly  prolonged,  but  it  chars  most  of 
the  impurities  which  are  commonly  present.  In 
the  next  place  the  product  is  allowed  to  stand  in 
contact  with  recently  ignited  carbonate  of  sodium 
(cf.  Thorpe,  C.  J.  37,  190)  or  with  oxide  of 
manganese,  or  it  is  washed  with  lime  water  and 
afterwards  dried  over  chloride  of  calcium.  In 
!  any  case  it  is  finally  distilled  at  a  temperature 
j  not  above  G4°  (cf.  Werner,  Ar.  Ph.  [3]  12,  450 ; 

Thorpe,  I.e. ;  Eemys,  Ar.  Ph.  [3]  5,  31 ; 
I  Michaelis  a.  Mayer,  D.  P.  J.  201,  490;.  Chloro- 
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form  IS  liable  to  clecomposition  in  presence  of 
air  and  sunlight.  Among  the  products  formed 
are  hydrochloric  acid  and  chlorine  (Marson,  Ph. 
8,  (i'J ;  Aljraham,  Ph.  10,  24),  and  sometimes 
carboxyl  chloride  (Regnauld,  J.  Ph.  [.5]  5,  504), 
Such  decomposed  chloroform  may  be  purified 
by  washing  with  hyposulphite  of  sodium  and 
subsequent  distillation  (Shuttleworth,  Ph.  [3] 

3,  1015;  c/.  Kemys,  Ar.  Ph.  [.S]  6,  31).  The 
addition  of  1  p.o.  of  ethylic  alcohol  is  largely 
practised  to  prevent  the  decomposition  of  chloro- 
form (cf.  Brit.  Ph.  1885,  109;  Jolles,  Ch.  Z. 
11,  7.s(j). 

P/-02)C)  <i>s.— Chloroform  is  a  liquid  having  a 
sweet  taste  and  an  agreeable  ethereal  odour. 
When  inhaled  it  produces  ana'sthesia.  As  an 
antiseptic  it  prevents  the  growth  of  micro- 
organisms ;  but  does  not  affect  the  action  of 
soluble  ferments  {cf.  Patent,  S.  C.  I.  188G,  331). 
For  antiseijtic  applications  v.  Eobin  (C.  It.  30, 
52),  Augendre  (C.  li.  31,  679),  Barnes  (Ph.  [3J 
5,  441),  Salkowski  (Ch.  Rep.  1888,  lG(i),  also 
Ph.  [3J  18,  315,  356  a.  855.  Chloroform  is 
very  sparingly  soluble  in  water,  1  vol.  dis- 
solves in  200  [cf.  Chancel  a.  Parmentier,  C.  R. 
100,  773).  It  mixes  in  all  proportions  with 
alcohol  or  ether.  It  may  be  made  into  an  emul- 
sion with  water  by  means  of  saponin  (Patent, 
S.  C.  I.  1887,  382).  Sulphuric  acid  does  not  dis- 
solve it.  Chloroform  is  an  important  solvent; 
dissolving  fats,  resins,  india-rubber,  sulphur, 
phosphorus,  iodine,  alkaloids,  many  alkaloidal 
salts,  as  well  as  numerous  other  organic  com- 
pounds (cf.  Pettenkol'er,  J.  1858,  303  ;  Schlim- 
pert,  1859,  405 ;  Nowak,  Ar.  Ph.  [3J  3,  281  ; 
Hesse,  Ph.  [3]  4,  649). 

M.p.  -70°  (Berthelot,  Bl.  29,  3).  B.p.  61-2 
(cor.)  (Thorpe,  C.  J.  37,  196;  cf.  Rognault,  J. 
1863,  70 ;  Pierre,  A.  Ch.  [3]  33,  199  ;  Schiff, 
A.  220,  95).  Sp.gr.  1-52037  J  (Thorpe,  cf. 
Pierre;  Scliiff).  V.D.  4-199  (Dumas),  4-230 
(Regnault).  Coefficient  of  expansion  -0012302 
(Thorpe).  Chloroform  is  not  intiammable  even 
with  a  wick  at  ordinary  temperatures.  It 
may,  however,  be  made  to  burn,  with  a  green 
smoky  flame,  when  boiling,  or  by  means  of  a 
wick  when  dilated  with  alcohol.  Heated  to 
redness  its  vapour  is  decomposed,  yielding 
chlorine  and  various  chlorides  (Radsky,  J.  pr. 
46,  170  ;  Ramsay  a.  Young,  S.  C.  I.  1886,  232). 
By  treatment  with  zinc  and  sulphuric  acid, 
methylene  chloride  CH.,CL  is  formed  ;  with 
alcohol  or  ammonia  and  zinc-dust,  methane 
{cf.  Perkin,  C.  N.  18,  106)  ;  with  alcoholic 
potash,  formate  and  chloride  (Regnault)  together 
with  carbonic  oxide  (Geuther,  A.  123,  121), 
or  in  closed  tubes,  ethylene  (Berthelot,  A.  Ch. 
[3]  54,  87)  ;  with  alcoholic  potash  in  presence  of 
monamines,  isonitriles  (Hofmann,  B.  3,  769) ; 
with  sodium  alcoholate,  methenyltriethylic 
ether,  CH(OEt).,  (Williamson  a.  Kay,  C.  S.  Mem. 
7,  224)  ;  with  concentrated  hydriodic  acid  when 
heated,  methylene  iodide  CPil.,  (Lieben,  Z.  [2] 

4,  713) ;  with  red-hot  copper  (Berthelot,  C.  R.  1, 
805)  or  potassium  amalgam  (Kletzinsky,  Z.  [2] 
2,  127),  acetylene  C,H,. 

Chromic  acid  converts  chloroform  into  phos- 
gene, COClj.  Repeatedly  distilled  in  a  current 
of  chlorine,  hydrochloric  acid  ai]d  carbon  tetra- 
chloride are  formed  (Regnault).  Ordinary  nitric 
acid  has  little  or  no  action  (Soubeiran),  but 


fuming  acid  in  closed  tubes  at  100°  slowly 
converts  it  into  chloropicrin,  C(N0._,)C1.,  {cf.  IVIills, 
C.  J.  [2J  9,641).  Bromine  and  iodine  derivatives 
V.  Paterno  (G.  1,  593),  Friedel  a.  Silva  (Bl.  [2] 
17,  537),  Bolas  a.  Groves  (C.  J.  9,  779).  Sodium 
reacts  on  chloroform  in  contact  with  atmo- 
spheric air,  forming  formate  and  chloride  together 
with  free  carbon  and  other  products  (Kern,  C.  N. 
31,  121).  Potassium  decomposes  chloroform 
vapour  with  liberation  of  carbon  and  formation 
of  chloride  (Liebig ;  cf.  Heintz,  P.  98,  263). 
Caustic  potash  solution  has  no  action  on  chloro- 
form even  when  boiled  with  it ;  but  heated  in 
closed  tubes  formate  and  chloride  are  formed 
(Dumas).  Similarproducts  together  with  carbonic 
oxide  are  obtained  by  treatment  of  chloroform 
j  in  closed  tubes  at  180°  with  ammonia  and  water 
(Andr6,  C.  R.  102,  553).  At  a  red  heat  ammonia 
reacts  on  chloroform,  forming  hydrocyanic  and 
hydrochloric  acids  {cf.  Heintz).  Chloroform 
combines  with  sulphuretted  hydrogen  and  with 
water  at  0",  forming  the  crystalline  compounds 
CHC1,,(H.,S).,(H,0).^  (Loir,  J.  18.52,  500;  For- 
^  crand,  A".  Ch.  [5]  28,  12)  ;  and  CHC1,(H,0),8 
I  (Chancel  a.  Parmentier,  C.  R.  100,  27). 

The  following  reactions  have  been  made  use 
!  of  in  the  detection  or  estimation  of  chloroform  : 
j  — 1.  The  reaction  between  chloroform  and  mon- 
amines in  presence  of  alcoholic  potash.   A  small 
j  portion  of  the  liquid  to  be  tested  is  added  to  a 
mixture  of  a  monamine,  anilin  for  instance, 
together  with  some  alcoholic  potash,  and  heat 
applied,  when  if  traces  even  of  chloroform  are 
present,  the  characteristic  disagreeable  odour  of 
an  isonitrile  is  distinctly  perceived. 

CHOI-,  f  NH.PIi-t-  3KH0i^  (NC).P1H-3KC1  +  ,SH,0. 
This  test,  which  serves  to  distinguish  one  jjart  of 
chloroform  in  5,000-6,000  of  alcohol,  further 
distinguishes  between  chloroform  and  its  allied 
derivatives  such  as  ethylidene  chloride  CH.,.CHC1.2 

[  (Hofmann,  B.  3,  769). — 2.  A  delicate  colour  re- 
action takes  place  between  potassium  phenate 
and  chloroform.  An  alcoholic  solution  of  phenol 
is  mixed  with  caustic  potash  and  evaporated  to 

!  dryness.  If  chloroform  be  now  added  a  splendid 
red-purple  colour  is  developed  (Guareschi,  G. 

i  1873,  401 ;  Raupenstranch,  Ph.  [3]  19,  668).— 
3.  If  chloroform  be  added  to  a  solution  of  caustic 
soda  with  an  excess  of  resorciuol  and  heat  be 
applied  to  boiling,  a  yellow-red  colour  is  developed 
which  when  largely  diluted  shows  a  yellowish- 
green  fluorescence  (Schwarz,  Fr.  27,  668 ;  Rau- 
penstrauch).  — 4.  a-  or  /3-  naphthol  dissolved  in 
concentrated  caustic  potash  solution,  and  warmed 
with  a  little  chloroform  gives  a  rich  blue  liquid 
which  changes  in  the  air  to  green  and  brown 
(Lustgarten,  M.  3,  715). — 5.  Fehling's  solution 
is  reduced  by  chloroform,  thus  : 

CHClj-H'CnO  +  5KHO  =  GiU)  +  3KCl  +  K.CO,-(-3ILO. 
This  reaction  furnishes  a  means  of  indirectly 
estimating  chloroform  (Baudrimont,  J.  Ph.  [4J 
9,  410).-  6.  For  the  estimation  of  chloroform  in 
alcoholic  solution  v.  Thresh  (Ph.  [3]  11,  319).— 
7.  Chloroform  is  detected  in  blood  by  distilla- 
tion from  a  water  bath,  and  its  decomposition 
into  chlorine  and  other  products  when  the  gases 
evolved  are  led  through  a  tube  heated  to  redness. 
The  liberation  of  chlorine  is  observed  by  its 
action  on  starch  and  iodide  of  potassium  paper. 
(Ragsky,  l.c.\  Duroy,  J.  Ph.  [3]  20,  401  ; 
Ludeking,  C.  N.  55,  149).— 8.  To  detect  it  in 
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cases  of  fatal  poisoning  Vital!  distils  the  intes- 
tines and  passes  hydrogen  through  the  distillate. 
The  hydrogen,  carrying  with  it  portions  of  any 
chloroform  which  may  be  present,  is  burned  at 
a  jet  and  in  the  flame  is  fixed  a  copper  wire. 
Very  minute  quantities  of  chloroform  generate 
hydrochloric  in  the  flame  suflicient  to  act  on 
the  copper  and  impart  a  bright  green  colour 
(Giorn.Farm.  Ch.  30,  ;j2'J).  — 9.  For  applications 
of  the  nafihthol  colour  test  to  forensic  analysis 
V.  Lustgarten  (I.e.). 

Dctectioyt  of  impurities. — Chloroform  for  in- 
halation should  leave  no  residue  or  unpleasant 
odour  on  evaporation,  should  be  neutral  to  test- 
paper,  and  give  no  indication  of  hydrochloric 
acid  when  tested  with  nitrate  of  silver.  A  much 
more  delicate  method  of  detecting  free  acid  is 
to  add  to  5  c.c.  of  chloroform  1  drop  of  a  solu- 
tion of  phenolphthalein  and  1  drop  of  a  centi- 
normal  solution  of  caustic  potash  with  1  c.c.  of 
water.  The  mixture  is  shaken  and  set  aside. 
If  free  from  acid  the  red  colour  should  not  dis- 
appear in  twenty-four  hours  (Valpius,  Ar.  Ph. 
[3J  2.5,  998).  The  presence  of  alcohol  in  chloro- 
form may  be  detected  by  the  darkening  in  colour 
of  sulphuric  acid  shaken  with  it  (Gregory,  Pr.  E. 
18.50,  391)  ;  by  the  formation  of  iodoform  (Hager, 
Ph.  [31  1,  683) ;  by  the  tint  of  the  solution  which 
it  give's  with  iodine  (Siebold,  Ph.  [3]  10,  213) ; 
by  the  addition  of  Hofmann's  violet  which  is 
quite  insoluble  in  pure  chloroform  (Eegnauld, 
J.  Ph.  [4]  29,  402) ;  by  its  reducing  action  on  an 
alkaline  solution  of  j)otassium  permanganate 
(Yvon,  J.  Ph.  [5]  5,  22.5)  or  manganate  (Jolles,  Ch. 
Z.  11,  786  a.  1394),  or  on  chromic  acid  (Cottell, 
J.  Ph.  [3]  13,  359).  The  fact  that  chloroform  for 
inhalation  purposes  usually  contains  alcohol,  pur- 
posely added  to  increase  its  stability,  materially 
lessens  the  value  of  these  tests  in  practice  (c/. 
Dott,  Ph.  [3]  12,  769).  Aldehyde  may  be  detected 
by  many  of  the  tests  for  ethylic  alcohol,  and 
also  by  warming  with  potash,  when  its  presence  is 
indicated  by  a  darkening  in  colour  (cf.  Eegnauld, 
l.c.\  Scholvien,  Ph.  Z.  32,  686).  A.  S. 

CHOLESTERIN  C,,H„0.  Discovered  by  Con- 
radi  in  1775  in  gall-stones.  Found  in  human 
bile,  in  blood,  and  in  the  brain  ;  in  eiiidermis 
and  in  hair  ;  also  present  in  various  morbid  pro- 
ducts of  the  animal  body,  e.g.  cerebral  concre- 
tions, scirrhous  matter  of  the  mesocolon,  hy- 
dropic liquid  of  the  stomach,  testicles,  etc.  Also 
foimd  in  horn  and  hoofs;  in  whalebone,  tortoise- 
shell,  feathers  and  bristles,  Ac.  Its  most  abun- 
dant source  is,  however,  the  fat  of  greasy  wool 
(wool  grease),  in  which  it  was  first  detected  by 
Hartmann  and  Schulze. 

Cholcsterin  may  be  detected  in  fats  &c.  by 
dissolving  the  substance  in  acetic  anhydride  and 
adding  concentrated  sulphuric  acid,  when  the 
solution  becomes  tirst  pink  and  eventually  blue. 

Cholestorin  crystallises  in  thin  white  nacreous 
mouocliuic  laminnj  m.p.  145°  and  of  sp.gr.  1-007. 
Has  a  neutral  reaction,  and  is  without  taste  or 
BmoU  ;  insoluble  in  water;  sparingly  soluble  in 
cold  but  readily  dissolved  by  boil'ing  alcohol. 
Also  soluble  in  ether,  chloroform,  acetone,  wood 
Bpint,  benzene,  oil  of  turpentine,  and  in  the 
neutral  fats  and  fatty  acids.  Sublimes  unchanged 
ut  200  ',  but  is  >lei-()nipi)sed  at  a  higher  tempera- 
ture. Cholestorin  appears  to  be  an  alcohol 
homologous  with  cinuamic  alcohol,  and  com- 


'  bines  with  the  fatty  acids,  forming  esters  or  com- 
pound ethers  similar  to  the  glyeerides. 

This  substance  is  found  in  commerce  under 
the  name  of  lanolin,  and  is  used  mainly  for 
medicinal  pui-poses,  and,  owing  to  the  ease  with 
which  it  is  absorbed  by  the  skin,  as  a  substitute 
for  vaseline,  lard,  or  in  the  composition  of  plas- 
ters, ointments,  and  salves.  Has  also  been  em- 
ployed in  the  manufacture  of  cosmetics  and 
pomades,  and  for  softening  leather.  Lanolin  is 
obtained  from  wool-oil,  which  contains  about 
70  p.c.  of  cholesterin  and  30  p.c.  fatly  acids, 
by  saponification  by  means  of  caustic  soda, 
whereby  an  emulsion  is  obtained  which  on 
dilution  with  water  gives  so-called  '  wool-milk.' 
On  treatment  in  a  centrifugal  machine  impure 
lanolin  separates  out  as  a  cream,  and  may  be 
precipitated  by  lime.  The  purified  product  is 
afterwards  kneaded  with  about  30  p.c.  of  water, 
in  which  state  it  is  found  in  commerce. 

Anhydrous  lanolin  absorbs  about  100  p.c.  of 
water ;  does  not  become  rancid,  and  is  aniiscptic. 

CHOLINE  V.  VE<iKTO-.\I,lv.VI.OIDS. 

CHONDRIN.  A  substance  allied  to  and  much 
resembling  gelatin.  Obtained  by  boiling  carti- 
lage with  water.  When  dried  it  is  a  hard, 
horny  substance,  which  softens  to  a  jelly  in  cold 
water,  and  is  entirely  dissolved  by  boiling  water. 
It  is  precipitated  from  its  aqueous  solution  by 
nearly  all  acids,  in  excess  of  certain  of  which 
it  redissolves,  and  by  alum,  lead  acetate,  copper 
!  and  iron  sulphate,  and  mercuric  and  mercurous 
nitrates.  These  reactions  are  said  to  distinguish 
it  from  gelatin. 

By  Morochowitz  chondrin  is  regarded  as  a 
mixture  of  gelatin,  mucin,  and  salts  (v.  Glce). 

CHRISTOPHITE.  A  mineral  from  St.  Agnes, 
Cornwall,  conlainins  37'()  Zn,  2l)'2  Fe,  1'4  Sn, 
34-7  S  (Collins.  Min.  Ma^'.  1S79,  91). 

CHROMATE  OF  LEAD  v.  Lkad. 

CHROMATOMETERS  CoLniu>rETEi:s. 

CHROME,  VIOLET.    Syn.  Mauvcinc,  Per- 

kill's  l  iohi  ;  V.  .\ziNi:s  AJiU  COLOCRINQ  MATTEBS 
DKlilVKD   IKOM  TIIK.M. 

CHROMIUM.  (Fr.  Chrome;  Ger.  Chrom.) 
Symbol  Cr.  At.  w.  52-45  (P^ligot,  Berlin).  Chro- 
'  mium  occurs  principally  as  chrome  iron  ore 
or  cliroinilc.  As  scsquioxido  Cr,_.0.,  it  is  found 
in  small  quantities  in  chromc-ochrc,  generally 
mixed  with  clay  and  associated  with  chromite, 
in  France  and  Siberia.  As  chromate  of  load 
it  occurs  in  crocoisitc  and  malanchroite  l*bCrO„ 
and  as  a  basic  chromate  of  lead  in  the  rare 
mineral  pluvnicitc  3I'bt).2CrO.,.  The  greenish 
colour  of  the  emerald,  verd-antique  marble, 
serpentine,  and  many  other  minerals,  is  due  to 
the  presence  of  chromium  sesquioxide. 

Pny)flra;io;i.- -Metallic  chromium  may  be 
prepared  by  several  methods.  Deville  pro- 
duced it  in  combitiation  with  a  small  quantity 
of  carbon,  in  ingots  \voi;;hinK  as  nnich  as  100 
grams,  by  the  ignition  of  a  mixture  of  chromium 
sesquioxide  and  sugar  in  a  lime  crucible,  at 
the  highest  temperature  of  a  blast  furnace. 
Thus  formed  it  is  a  shining,  steel-grey  metal, 
capable  of  taking  a  good  polish,  sp.gr.  about 
5  9,  as  hard  as  corundum  and  less  fusible  than 
platinum  (Deville).  It  may  be  heated  to  red- 
ness in  air  without  clianf,'e,  but  when  heated 
with  nitre  or  potassium  chlorate  it  becomes  con- 
verted into  potassium  chromate,  in  the  latter 


CHROMIUM. 


551 


case  willi  Incandescence.  It  is  insoluble  in 
nitric  acid  or  cold  dilute  sulphuric  acid,  but 
rapidly  dissolves  in  the  latter  when  heated ; 
soluble  in  hydrochloric  acid.  When  he&tel  it 
combines  with  chlorine  with  incandescence. 

Chromium  combines  with  most  non-metals. 
It  decomposes  steam  at  a  red  heat. 

Wiihler  (A.  Ill,  230)  prepared  chromium  by 
fusing  a  mixture  of  the  violet  chromium  ses- 
quichloride  with  twice  its  weight  of  zinc 
under  a  layer  of  equal  parts  of  potassium  and 
sodiam  chlorides.  The  mixture  of  zinc  and 
chromium  so  i^roduced  was  treated  with  dilute 
nitric  acid  to  remove  the  zinc,  and  the  chromium 
.remained  as  a  light  greenish  powder  consisting 
of  minute  octahedra  belonging  to  the  quadratic 
system  (Bolley),  of  sp.gr.  0-81  according  to 
Wuhler,  7'3  according  to  Bunsen. 

^Vhen  sodium  amalgam  is  shaken  up  with  a 
solution  of  cliromous  or  chromic  chloride  or 
iodide,  a  liquid  amalgam  of  chromium  and  mer- 
cury is  produced.  This  is  heated  in  a  current 
of  hydrogen  to  evaporate  the  mercury,  and  the 
chromium  obtained  as  a  spongy  powder.  Eeadily 
soluble  in  dilute  nitric  or  sulphuric  acids, 
sparingly  so  in  hydrochloric  acid.  When  heated 
on  platinum  foil  it  suddenly  becomes  incan- 
descent, with  the  production  of  chromium  ses- 
quioxide  (Moissan). 

Alloys.  With  aluminium  a  white  crystal- 
line alloy  resembling  tin  may  be  produced,  by 
fusing  in  a  crucible  a  mixture  of  1  part  of  po- 
tassium chloride,  2  parts  chromic  chloride,  and 
1  part  aluminium.  The  alloy  produced  contains 
about  63  p.c.  of  chromium  and  29  p.c.  of  alu- 
minium, with  silicon  and  iron  if  present  in  the 
aluminium.  When  heated  in  air  the  alloy 
changes  colour  like  steel.  It  is  less  fusible  than 
nickel.  Nitric  acid  or  caustic  alkali  solution  is 
without  action  upon  it,  but  it  dissolves  in  hydro- 
chloric acid  with  evolution  of  hydrogen.  When 
heated  with  concentrated  sulphuric  acid  a  green 
mass  is  produced,  with  formation  of  hydrogen 
and  precipitation  of  sulphur,  but  no  evolution  of 
sulphurous  oxide. 

With  iron  the  alloys  of  chromium  are  of 
great  interest.  The  presence  of  chromium  in 
iron  or  steel  produces  a  much  finer  texture, 
greater  hardness,  tenacity,  and  elasticity,  and  j 
greater  smoothness  of  fracture.  Chromium  can- 
not be  used  to  replace  carbon  in  steel,  as  has 
been  asserted  (Boussingault). 

When  crystalline,  the  tendency  of  these 
alloys  is  to  produce  needles  instead  of  plates,  as 
in  the  case  of  manganese. 

Chromium  steel  is  usually  prepared  by  the 
addition  of  a  definite  quantity  of  an  alloy  of 
chromium  and  iron  of  known  composition.  This 
alloy  is  produced  by  fusion  in  a  plumbago 
crucible  of  a  mixture  of  chrome  iron  ore  with 
6  or  8  p.c.  of  charcoal  or  anthracite  under  a  flux 
of  calcium  or  sodium  fluoride  and  lime,  or  of 
chalk  and  borax,  according  to  the  amount  of 
earthy  matter  present  in  the  ore.  An  alloy  of 
iron  containing  carbon  and  1.5  p.c.  of  chromium 
is  hard  and  tough,  of  slightly  lamellar,  white, 
silky  fracture;  with  2.5  to  30  p.c.  of  chromium 
the  alloy  is  white  and  brilliant,  with  fine  needles  | 
disseminated  through  the  mass.  When  this  pro- 
portion is  exceeded  the  needles  become  smaller,  I 
and  the  metal  is  more  brittle  and  less  fusible,  j 


until,  with  68  p.c.  of  chromium,  the  alloy  is 
hardly  fusible  at  the  highest  temperature  of  a 
wind  furnace. 

The  presence  in  steel  of  2  to  4  p.c.  of  chro- 
mium and  1-2  to  1-4  p.c.  of  carbon  renders  it 
so  hard,  that  it  is  bored  with  difficulty  by  good 
steel  drills.  This  alloy,  when  tempered  above 
redness,  has  a  fracture  resembling  porcelain. 

It  is  stated  that  the  presence  of  65  p.c.  of 
chromium  destroys  the  magnetic  properties  of 
iron.  By  fusing  a  mixture  of  31.5  parts  of 
chrome  iron  ore,  200  of  powdered  charcoal,  and 
70  of  lime  in  a  plumbago  crucible,  Sergius 
Kern  obtained  an  alloy  containing  74  p.c.  of 
chromium  and  25  p.c.  of  iron,  hard  enough  to 
cut  glass,  and  of  silver-white  fracture  {v.  Bous- 
singault, C.  R.  80,  1,303,  and  A.  Ch.  [5]  15, 
'Jl-120,  and  S.  Kern,  D.  P.  .J.  231,  505). 

An  amalgam  of  chromium  and  mercury  is 
produced  by  shaking  up  sodium  amalgam  in  a 
solution  of  chloride  or  iodide  of  chromium. 
When  the  action  ceases,  the  amalgam  is  heated 
with  boiling  water  to  remove  the  sodium.  On 
heating  the  amalgam  the  mercury  is  volatilised, 
leaving  the  chromium  as  a  sponge  or  powder. 

Detection  of  chromium.  —  When  heated 
strongly  all  compounds  of  chromium  impart  a 
green  colour  in  both  the  reducing  and  oxidising 
flames  to  a  borax  bead.  On  ignition  with  po- 
tassium nitrate  all  chromium  compounds  pro- 
duce a  yellow  colour  due  to  the  presence  of 
potassium  chromate.  If  this  is  dissolved  in 
water,  the  addition  of  a  solution  of  lead  acetate 
produces  a  precipitate  of  chrome  yellow. 

Solutions  of  chromic  salts  or  salts  of  ses- 
quioxide  of  chromium  have  an  acid  reaction. 
With  caustic  alkalis  they  produce  a  green  pre- 
cipitate of  hydrated  oxide  partially  soluble  in 
excess  of  the  reagent,  but  reprecipitated  on 
boiling  the  solution.  With  carbonates  a  green 
precipitate  is  produced,  likewise  soluble  in 
excess. 

Chromates  (in  which  the  chromium  exists  as 
an  acid)  are  usually  strongly  coloured.  Soluble 
chromates  are  reduced,  when  warmed  with  sul- 
phuric acid  and  a  reducing  agent  such  as  alcohol, 
with  the  production  of  a  green  colour.  The 
chromium  is  then  present  as  a  base,  and  may  be 
precipitated  as  already  mentioned.  When  heated 
with  hydrochloric  acid  they  are  also  reduced 
with  evolution  of  chlorine  and  formation  of 
chromium  chloride  and  chloride  of  the  metal 
present  as  chromate. 

Solutions  of  chromates,  containing  no  free 
acid  except  acetic  acid,  give  a  yellow  precipitate 
with  a  salt  of  lead,  a  red  precipitate  with  silver 
nitrate,  and  a  yellow  precipitate  with  a  salt  of 
barium. 

Estimation.. — When  present  as  a  base,  chro- 
mium is  usually  estimated  as  sesquioxide  Cr.^O,. 
For  this  purpose  the  solution  is  heated  nearly  to 
boiling,  ammonia  solution  added  in  slight  excess, 
and  the  temperature  maintained  until  the  liquid 
is  perfectly  colourless,  indicatingthatthe  hydrate, 
which  is  slightly  soluble  in  excess  of  ammonia, 
is  completely  precipitated.  The  precipitate  is 
well  washed  by  decantation  and  transferred  to 
a  filter,  washed  thoroughly  with  hot  water,  dried, 
and  ignited.  The  oxide  produced  contains  08-63 
p.c.  of  chromium.  The  precipitation  is  not  com- 
plete in  presence  of  organic  matter,  and  when  a 
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glass  vessel  is  used,  the  precipitate  always  con- 
lains  a  small  percentage  of  silica.  Chromium, 
when  present  as  a  chromate,  cannot  be  estimated 
directly  by  that  method.  It  requires  to  be  first 
rciluccd  to  a  base.  For  this  purpose  hydrochloric 
acid  and  a  small  quantity  of  alcohol  are  added, 
and  the  solution  heated  until  the  odour  of  alco- 
hol is  dispelled.  The  chromium  may  then  be 
precipitated  as  above.  For  the  direct  estimation 
of  chromium  in  chromates,  the  precipitation 
with  acetate  of  lead  is  most  satisfactory.  The 
solution  is  mixed  with  sodium  acetate  and  acidu- 
lated strongly  with  acetic  acid.  A  solution  of 
normal  lead  acetate  is  then  added,  and  the  pre- 
cipitate of  PbCrO,  is  collected  on  a  weighed 
hlter,  washed,  dried  at  100 C,  and  weiglisd. 
It  contains  lii-l'J  p.c.  of  chromium  or  iJl'OG 
p.c.  of  chromic  anhydride  CrO,.  The  fol- 
lowing scheme  may  be  adopted  for  the  esti- 
mation of  chromium  in  chrome  iron  ore.  A. 
iew  grams  of  the  carefully  sampled  mineral  are 
ground  in  an  agate  mortar  and  passed  through 
a  fine  muslin  sieve.  The  dust  so  produced  is 
further  ground  in  small  portions  until  all  gritti- 
noss  on  passing  a  little  between  the  fingers  has 
disappeared  and  the  ore  cakes  as  an  impalpable 
powder  round  the  pestle.  About  0-.5  gram  of  ! 
the  powder  is  weighed  into  a  platinum  cru- 
cible of  about  50  c.c.  capacity,  covered  with 
twelve  times  its  weight  of  recently  fused  hy- 
drogen potassium  sulphate  (potassium  bisul- 
j)hate),  and  gently  heated  to  just  fuse  the 
sulphate.  After  keeping  at  this  temperature  for 
fifteen  or  twenty  minutes  the  heat  is  gradually 
increased  until  the  crucible  bottom  becomes  red- 
liot.  The  fused  mass  should  not  be  allowed  to 
rise  above  half  way  up  the  crucible.  The  mix- 
ture soon  fuses  quietly,  and  evolves  dense  fumes 
of  sulphuric  acid  ;  tlie  heat  is  gradually  increased 
to  bright  redness.  In  about  half  an  hour  (i  parts 
of  powdered  anhydrous  sodium  carbonate  arc 
added  and  the  mixture  again  fused  for  an  hour 
at  a  red  heat,  C  parts  of  nitre  being  added  in 
small  portions.  The  temperature  is  then  raised 
io  a  full  red  heat  for  about  twenty  minutes  ;  the 
,crucible  cooled  and  transferred  to  a  porcelain 
basin  where  the  nuiss  is  boiled  out  with  water. 
The  solution  is  filtered,  and  the  residue  washed 
with  hot  water  until  the  filtrate  comes  through 
colourless.  The  filter  and  its  contents  are  dried, 
the  precipitate  detached  and  placed  with  that 
still  remaining  in  the  basin,  the  filter  paper 
burned,  and  the  ash  also  added.  To  ascertain 
if  the  fusion  has  been  satisfactory  this  residue  is 
digested  with  moderately  strong  hydrochloric 
acid,  when  the  whole  should  dissolve.  Any  in- 
soluble black  residue  indicates  either  imperfect 
grinding  or  insullicient  fusion.  It  must  be  col- 
k'clcd  on  a  filter,  dried,  and  the  whole  ignited  in 
a  crucible  and  treated  with  potassium  bisulphate 
•.Vo.,  as  in  the  lirbt  instance.  The  aqueou.s  extract 
after  fusion  is  mixed  with  the  main  solution. 
To  the  li(iuid,  a  few  grams  of  anunonio  nitrate 
are  add-d,  and  the  whole  evaporated  to  dryness, 
taken  up  with  water,  and  filtered  from  the  alu- 
nuna,  silica,  -.tc,  into  a  porcelain  basin.  An 
excess  o(  sulphurous  acid  solution  is  then  added, 
ami  the  solution  heated  until  that  gas  is  nearly 
expelled.  The  chromate  having  thus  become 
reduced  to  chrouiium  sulphate  a  slight  access  of 
ummouia  is  added,  and  the  solution  toiled  until 


colourless.  The  precipitated  chroniium  hydrate 
is  v.-ashed  by  decantation  with  hot  water,  trans- 
ferred to  the  filter  and  washed  with  hot  water  six 
times.  The  use  of  the  suction  pump  will  be  of 
great  assistance  in  this  operation.  The  precipi- 
tate and  filter  aie  then  dried,  transferred  to  a 
weighed  platinum  crucible  and  heated  gently 
until  the  paper  is  charred.  The  crucible  lid  is 
then  placed  at  the  edge  of  the  crucible  so  that 
the  flame  may  reverberate  into  the  crucible,  and 
the  whole  ignited  strongly  for  ten  or  fifteen  minutes. 
The  weighed  precipitate  should  show  no  yellowish 
colour  on  treatment  with  a  few  drops  of  water ; 
if  such  3,  colour  is  produced  it  indicates  imperfect 
washing  of  the  precipitate  from  alkaline  salts. 
The  oxide  contains  (j8'G3  p.c.  of  chromium. 

Compounds  of  Curomicm. 

Chromium  forms  five  distinct  oxides  :  chrom- 
ous  oxide  CrO  ;  chromic  oxide  or  sesquioxide 
Cr..03 ;  chromic  anhydride  CrOj ;  an  oxide 
CrO.Cr^Oj  intermediate  between  the  two  first, 
corresponding  to  the  magnetic  oxide  of  iron  ; 
and  Cr.jOj.CrOj  or  chromic  chromate,  which  ap- 
pears to  be  a  combination  of  chromic  anhydride 
and  the  sesquioxide.  Three  definite  series  of 
compounds  are  known,  corresponding  to  the 
three  first-mentioned  oxides.  (1)  Chromous  com- 
pounds, or  salts  of  the  protoxide.  (2)  Chromic 
compounds,  or  salts  of  the  sesquioxide.  (3) 
Chromates,  in  which  the  chromium  acts  as  an 
acid.  Of  these,  the  chromous  compounds  are  of 
no  industrial  importance. 

Chromic  oxide  Chromium  scsquioridc 
Cr.Oj.  This  comj5ound  is  produced  by  the  oxi- 
dation of  metallic  chromium  and  by  ignition  of 
chromic  anhydride  and  certain  chromates. 

Wohlcr  prei)arcd  this  oxide  in  fine,  small 
rhonibohfdral  crystals  by  passing  the  vapour 
of  chromyl  dichloridc  through  a  tube  heated  to 
redness.  The  crystals  are  isomorphous  with 
corundum  and  of  equal  hardness ;  their  sji.gr.  is 
5-'21.  The  finest  coloured  amorphous  chromium 
oxide  is  produced  by  the  ignition  of  mcrcurous 
chromate  HgXrO,  in  a  covered  crucible ;  mer- 
curic oxide  and  oxygen  escape,  and  the  oxide 
remains  as  a  green  pow  der.  l-'or  the  preparation 
of  this  substance  on  the  large  scale  a  great  num- 
ber of  methods  are  recommended. 

Boil  a  solution  of  potassium  bichromate  with 
half  its  weight  of  flowers  of  sulphur  so  long  as 
the  green  hydrate  is  precipitated.  The  addition 
of  a  little  potash  solution,  by  forming  potassium 
sulphide,  accelerates  the  decomposition.  The 
precipitate  is  filtered  from  the  solution  containing 
potassium  sulphate  xnd  w-ashed.  The  sulphur 
retained  in  the  precipitate  may  be  removed  by 
gentle  ignition.  Instead  of  performing  the  re- 
action in  the  wet  way,  the  mixture  may  be  ignited 
in  a  crucible,  ind  the  resultant  mass  digested 
with  water  (Lassaigne,  A.  Ch.  [8]  14,  2!)D).  In 
place  of  sulphur,  Wiihler  (F.  .\.  10,  mixes  the 
bichromate  with  ammonium  chloride,  and  treats 
as  above. 

According  co  Barian  (Rev.  Scient.  20,  425)  a 
very  pure  colour,  suitable  for  colouring  fine  por- 
celain, is  produced  by  igniting  in  a  crucible  a 
mixture  of  4  parts  of  potassium  chromate  and 
1  part  of  starch.  The  nuiss  is  washed  free  from 
potassium  carbinate  and  re-ignited. 
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Chromic  sesquloxicle  is  a  green  pigment  of 
great  permanence.  It  is  not  acted  upon  by 
chlorine  or  sulphur  gases  or  by  an  intense  heat. 
At  a  white  heat  it  melts,  and  crystallises  on 
cooling. 

Hydrogen  and  carbon  monoxide  are  without 
action,  but  it  is  reduced  to  the  metallic  state  on 
intense  ignition  with  carbon. 

This  oxide  is  largely  used  under  the  names 
chrome  green  and  ultrmnarinc  green  for  impart- 
ing a  green  colour  to  glass,  porcelain,  &c.  as  a 
pigment,  in  oil  and  water  colours  and  in  printing, 
and  as  a  mordant  in  calico  printing  and  dyeing.  ' 
Certain  hydrated  oxides  are  also  used  under 
various  names  ;  their  colours  are  generally 
speaking  brighter  than  that  of  the  anhydrous 
oxide,  but  they  usually  contain  small  quantities 
of  other  substances  besides  the  oxide  and  water. 

Guignet's  Green  ;  Pennclticr's  Green  ;  Eme- 
rald Green ;  Vcridian  Cr,,0.|2H20.  This  pig- 
ment appears  to  be  identical  with  that  formerly 
manufactured  in  secret  by  Pennettier.  Accord- 
ing to  Guignet's  metliod  (Eep.  C.  P.  A.  18.5!), 
1!)8)  3  parts  of  boric  acid  and  1  part  of  po- 
tassium bichromate  are  heated  to  dull  redness  ; 
in  a  reverberatory  furnace.  The  mass  swells  up, 
evolves  oxygen  andbecomesof  a  finegreen colour; 
it  contains  the  borates  of  potassium  and  chro- 
mium, or  a  double  borate  of  those  two  metals. 
It  is  boiled  with  water,  whereby  the  borate  of 
.chromium  is  decomposed  into  boric  acid  and 
hydrated  chromium  sesquioxide,  potassium 
borate  also  remaining  in  solution.  The  pre- 
cipitate is  well  washed,  dried,  and  finely  ground. 
It  usually  contains  boric  acid  even  after  thorough 
washing.  The  washings  and  mother  liquors  are 
evaporated  for  the  recovery  of  the  boric  acid. 

According  to  the  C.  Z.9,851,  the  process  now 
used  on  the  large  scale  is  as  follows.  The  boric 
acid  is  first  purified  by  solution  in  hot  water, 
treated  with  animal  charcoal,  and  recrystallised. 
The  crystals  are  dried  in  a  centrifugal  machine. 
The  mother  liquor  may  be  employed  three  or  four 
times  for  recrystallisation  of  fresh  portions  of 
acid,  but  becomes  then  too  impure  for  further 
use.  Eight  parts  of  the  purified  boric  acid  are 
mixed  with  3  parts  of  potassium  bichromate,  all 
powdered,  and  4.')  kilos.  (100  lbs.)  of  the  mixture 
heated  to  dull  redness  on  the  bed  of  a  reverbera- 
tory furnace  for  about  4  hours.  The  fused 
mass  is  washed  rejjeatedly  by  decantation  and 
the  residue  placed  on  cotton  filters,  drained  and 
passed  through  colour  mills.  After  grinding  it 
is  again  washed  with  hot  water,  filtered  and 
pressed. 

The  two  first  washings  are  mixed  and  eva- 
porated to  13'''B.  in  leaden  pans,  treated  with 
liydrochloric  acid  to  convert  the  potassium 
borate  into  potassium  chloride  and  boric  acid,  and 
the  latter  crystallised  out.  The  mother  liquors 
are  evaporated  to  20°B.  and  crystallised.  The 
crystals  are redissolvod, treated  with  sulphuretted 
hydrogen  to  precipitate  the  lead  which  has  been 
dissolved  from  the  pans,  filtered,  and  recrystal- 
lised. In  this  manner  about  6.5  p.c.  of  the  boric 
acid  is  recovered. 

Guignet's  green  is  unacted  upon  by  light  or 
concentrated  boiling  alkalis  ;  hot  hydrochloric 
acid  slowly  dissolves  it.  When  heated  to  200''C. 
it  becomes  anhydrous.  It  is  a  fine  green  pig- 
ment largely  used  for  the  same  purposes  as  the 


ordinary  oxide.  It  may  be  used  in  place  of  the 
dangerous  arsenical  greens.  When  mixed  with 
chromate  of  lead  it  is  employed  for  the  produc- 
tion of  a  pale  green  colour  in  landscape  painting. 
The  annual  production  is  about  300,000  kilos, 
(204  tons). 

Aniaudon's  Green.  A  green  jjigment  has 
been  prepared  by  Arnaudon  (Rep.  C.  A.  18-59,  200) 
as  follows.  A  mixture  of  1  part  of  ammonium 
phosphate  with  rather  more  potassium  bichrom- 
ate is  dissolved  in  the  minimum  of  boiling 
water,  and  evaporated  until  the  mass  solidifies 
'  on  cooling.  It  is  then  thrown  in  small  pieces 
into  a  flat  vessel  and  heated  to  about  180^C. ; 
water  and  ammonia  vapour  are  given  off.  After 
half  an  hour  the  temperature  is  raised  to  200°C. 
for  a  short  time.  Too  high  a  temperature  injures 
the  colour.  The  mass  is  well  washed  with  hot 
water  and  the  residue  dried  and  powdered. 

This  pigment  appears  to  consist  mainly  of  a 
hydrated  sesquioxide,  but  phosphoric  acid  is 
always  present.  It  possesses  a  very  fine  colour, 
is  permanent  and  non-poisonous.  It  is  equal  in 
appearance  to  Schweinfurth  green  and  may  re- 
i  place  that  pigment  with  advantage. 

According  to  Bong  (B.  29,  201),  a  blue  pig- 
ment, retaining  its  colour  at  high  temperatures, 
suitable  for  colouring  porcelain,  &c.  is  produced 
by  igniting  strongly,  in  the  air,  an  intimate  mix- 
ture of  5  parts  boric  acid,  15  parts  alumina, 
20  parts  magnesium  carbonate,  and  2  parts 
barium  chromate. 

Chromic  chloride  or  CrCl^  or  Cr„Cl^.  The 
anhydrous  chloride  is  obtained  by  heating  a  mix- 
ture of  carbon  and  chromium  sesquioxide  in  a 
current  of  chlorine.  It  forms  pale  violet  scales 
of  sp.gr.  3'03,  slowly  soluble  in  hot  water,  readily 
soluble  in  presence  of  a  trace  of  chromous, 
cuprous,  or  stannous  salt.  Chromic  chloride  may 
be  prepared  in  solution  by  dissolving  the  hydrate 
in  hydrochloric  acid.  It  is  deposited  from  solu- 
tion by  spontaneous  evaporation,  in  crystals 
containing  Cr,,O,Cl.,4HC1.10H,O  (Peligot).  In 
calico-printing,  a  neutral  solution  of  chromic 
chloride,  prepared  from  potassium  bichromate, 
is  fre(iuently  used.  The  following  method  is 
recommended  by  De  Karrur.  Dissolve  9  lbs.  of 
potassium  bichromate  in  5  gallons  of  boiling 
water.  Prepare  also  a  solution  of  9  toll  lbs.  of 
white  arsenic  in  24  gallons  of  boiling  water,  and 
mix,  with  constant  stirring,  with  the  solution  of 
bichromate.  A  greenish  precipitate  of  chromic 
hydrate  soon  separates  ;  it  is  cooled,  filtered,  and 
washed  witli  boiling  water.  The  precipitate  is 
added  in  portions  to  a  solution  of  hydrochloric 
acid  (diluted  until  it  no  longer  fumes),  with  con- 
stant stirring,  until  a  portion  remains  undissolved. 
A  solution  of  soda  is  then  added  and  well  mixed, 
until  the  hydrate  begins  to  precipitate.  The 
dark-green  solution  being  thus  neutralised  is 
evaporated  to  40"B.  and  is  ready  for  use. 

Chromic  fluoride  CrF.,.4rL0.  This  product 
is  used  in  tlie  printing  and  dyeing  of  woollen 
goods.  It  is  a  tine  crystalline  green  powder, 
very  soluble  in  water.  In  most  cases  it  may  be 
used  in  the  place  of  acetate  or  nitrate  of 
chromium  for  printing.  Ali^^arin  dyes,  ccerulein, 
gallein,  Ac.  and  logwood  extracts,  are  fixed  as 
perfectly  as  with  acetate  of  chromium.  One 
advantage  in  using  it  is  that  it  is  solid.  For 
wool,  '  fluorchrome '  is  a  very  good  mordant. 
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Binee  the  fibre  combines  with  the  chromic  oxide. 
Thus  alizarin  dyes  and  logwood  dye  wool  mor- 
danted with  it  very  well  (G.  Stein,  C.  Z,  R.  12, 
yi ;  S.  C.  I.  7,  385). 

Chromic  sulphates.  Both  basic  normal  and 
acid  sulphates  of  chromium  exist,  but  are  of  no 
commercial  interest.  The  double  sulphates  of 
chromium  and  potassium,  sodium  andammonium, 
are,  however,  of  importance.  These  are  known 
as  chrome  alums  ;  they  crystallise  in  line  octa- 
hedral crystals  containing  24  molecules  of  water 
isomorphous  with  those  of  ordinary  alum  and  of 
corresponding  composition. 

Potassium  chrome  alum  Chrome  alum 
Cr,(SO,).,K,SO,.24H,0. 
This  substance  may  be  prejiared  by  mixing  solu- 
tions of  chromic  sulphate  and  iiotassium  sulphate 
in  molecular  proportions. 

The  best  method  is  to  add  5  parts  of  strong 
fiuljjhuric  acid  to  a  solution  of  3  pavls  potassium 
chromate  in  30  parts  of  water  with  the  addition 
of  a  reducing  agent,  preferably  a  current  of  sul- 
phurous oxide  gas : 

K  .Cr.O.  +  H.,SO ,  +  3S0.,  +  24H,0 
=  K,Sb,.Cr,(SO,)24H.,0  + 11,0. 
•When  the  sulphurous  oxide  is  substituted  by 
other  reducing  agents,  such  as  alcohol,  a  larger 
quantity  of  sulphuric  acid  is  required. 

Chrome  alum  is  obtained  in  large  quantities 
as  a  by-product  from  the  oxidation  of  organic 
substances,  by  a  mixture  of  potassium  bichromate 
and  sulphuric  acid,  as  in  the  oxidation  of  an- 
thracene to  alizarin,  in  the  manufacture  of 
aniline  violet,  &c. 

It  crystallises  in  fine  dark-purple  octahedra, 
especially  in  presence  of  excess  of  acid,  is  soluble 
in  7  parts  of  cold  water,  forming  a  reddish  blue 
solution,  which  when  heated  to  about  70^  be- 
comes green.  It  returns  to  its  original  colour 
after  standing  some  weeks. 

When  heated  to  25-30°C.  the  crystals  lose 
half  their  water  and  become  lilac-coloured, 
at  100°  a  further  quantity  of  water  escapes  and 
the  crystals  turn  green ;  at  350°  they  become 
anhydrous,  but  are  still  soluble  in  water ;  at  a 
temperature  slightly  above  350°  they  become 
greenish  yellow,  insoluble  in  water  (Lowe)  and 
only  slowly  soluble  in  acids. 

Chrome  alum  is  used  in  dyeing,  calico  print- 
ing, and  tanning. 

Sodium  chrome  alum  Na,S0,Cr,(S0,),.21H,0, 
corresponds  to  the  potassium  salt  but  is  more 
soluble  in  water. 

Ammonium  chrome  alum 

(NH|),S0,Cr,(S0,),.2 1 1 1,0 
is  prepared  like  the  preceding  alums.    It  is  less 
soluble  in  water  than  potassium  chrome  alum. 
It  melts  at  100°C. 

Chromium  chlorate  Cr.j(C10,,).,  is  used  to 
some  extent  in  calico  printing  (l5espiorres  and 
otliers,  D.  P.  J.  228,  21)0-263).  It  may  be  pre- 
pared by  the  addition  of  a  solution  of  potassium 
chlorate  to  chroni'.-  alum;  the  chromium  then 
becomes  converted  into  chromium  chlorate  and 
the  potassium  into  sulphate.  According  to 
Iiaubcr  and  Weinreb  (D.  P.  J.  257,  290)  it  is 
best  prepared  by  the  following  process.  Dis- 
solve 1)0  parts  of  chrome  alum  in  80  parts  (by 
wciglit)  of  hot  water;  add  20  parts  of  soda  dis- 
solved in  (;o  parts  of  water,  and  wash  the  pre- 
>cipitatcd  hydrate.    liedissolve  the  precipitate  in 


10  parts  of  cold  sulphuric  acid  of  COT?.,  filier  if 
,  necessary  and  add  22  parts  of  potassium  jhlcr- 
'  ate  dissolved  in  50  parts  of  water.    The  solu- 
I  lion  is  evaporated  slightly  and  the  potassium 
sulphate  crystallised  out ;   the  more  soluble 
chlorate  of  chromium  remains  in  solution. 

Chromic  anhydride  Chraruic  acid  CrO,. 
This  important  oxide  is  best  prepared  by  the  de- 
composition of  a  chromate  by  sulphuric  acid. 
.-\  cold  saturated  solution  of  potassium  chromate 
is  added  to  from  1  to  li  parts  of  concentrated 
sulphuric  acid,  with  constant  stirring.  On  cool- 
ing, if  the  acid  used  be  strong  enough,  crimson 
crystals  of  chromic  anhydride  separate  ;  if  neces- 
sary the  solution  is  evaporated  until  the  crystals 
are  formed  on  cooling.  The  liquid  is  poured  off 
I  and  the  crystals  drained  on  porous  tiles  or 
j  pressed  between  porous  plates.  They  may  be 
i  recrystallised  by  dissolving  in  water  and  evapo- 
rating to  a  syrup.  The  excess  of  sulphuric  acid 
may  be  removed  by  the  cautious  addition  of 
barium  chromate  to  the  solution  of  the  crystals, 
or  the  crystals  may  be  gently  fused,  when  the 
heavier  oxide  sinks  to  the  bottom  of  the  vessel 
and  the  sulphuric  acid  above  slowly  evaporates. 
The  mother  liijuora  from  the  chromic  anhydride  are 
used  for  afresh  preparation  until  the  percentage 
of  potassium  sulphate  becomes  excessive ;  they 
are  then  precipitated  by  the  addition  of  lead 
acetate  with  the  production  of  a  light-coloured 
'  chrome  yellow  '  containing  much  lead  sulphate. 

According  to  Zcttnow  (P.  143,  4i;8)  the 
largest  yield  is  obtained  as  follows : — 300  kilos, 
of  potassium  bichromate  are  dissolved  in  500  c.c. 
of  water  and  400  c.c.  of  strong  sulphuric  acid 
are  added.  The  mixture  is  allowed  to  stand  for 
10  or  12  liours,  the  solution  decanted  from  the 
deposited  crystals  of  potassium  sulphate,  and 
heated  to  80"  or  ',)0°C. ;  150  c.c.  of  sulphuric  acid 
are  then  added,  followed  by  sullicient  water  to 
redissolve  the  chromic  anhydride  at  first  de- 
posited, and  the  solution  evaporated  until  the 
oxide  commences  to  crystallise.  The  mixture 
is  allowed  to  stand  for  12  hours,  decanted  from 
the  crystals  and  evaporated  with  the  production 
of  a  second  and  third  crop  of  crystals.  The 
crystals  are  drained,  introduced  into  a  crucible, 
mixed  thoroughly  with  50  c.c.  of  nitric  acid  of 
not  less  than  1-4G  sp.gr.  (weaker  acid  would  dis- 
solve the  crystals)  and  drained  for  some  hours 
on  a  tile.  The  operation  is  repeated  if  necessary 
with  25  c.c.  of  nitric  acid.  The  whole  of  the 
sulphuric  acid  and  sulphate  having  been  thus 
removed,  the  crj  stals  are  heated  on  a  sand  bath 
and  the  nitric  acid  evaporated.  In  this  manner 
Zcttnow  has  obtained  from  85  to  HO  p.c.  of 
the  theoretical  yield  of  iiurc  dry  chromic  an- 
hydride. 

Duvilliers  (C.  R.  75,  711)  prepares  this  oxide 
by  dissolving  100  parts  of  barium  chromate  in 
100  parts  of  water  and  140  parts  of  nitric  acid 
of  sp.gr.  1-38  (40°B.)  and  heating  the  solution 
until  it  becomes  red.  200  parts  of  water  are 
then  added  and  the  whole  boiled  for  10  minutes  ; 
cooled,  and  the  barium  nitrate  allowed  to  crystal- 
lise out.  The  solution  is  decanted,  evaporated 
to  the  bulk  occupied  by  the  original  amount  of 
acid  used,  and  a  further  crop  of  crystals  of 
barium  nitrate  removed.  The  solution,  which 
contains  only  about  1  part  of  barium  nitrate  for 
200  parts  of  the  anhydride,  is  evax)oratcd  nearly 
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to  dryness,  a  little  water  adtled  and  the  evapora- 
tion repeated  until  all  the  nilric  acid  is  driven 
ofi.  The  anhydride  is  then  crystallised  out  and 
dried  as  usual. 

Barium  chromate  is  digested  for  some  time 
Avith  about  half  the  amount  of  dilute  sulphuric 
acid  required  for  complete  precipitation  with  the 
production  of  chromic  anhydride  and  barium 
bichromate  and  precipitation  of  barium  sul- 
phate. Sufficient  sulphuric  acid  is  then  added 
to  just  precipitate  the  barium,  and  the  solution, 
■which  only  contains  chromic  anhydride,  is  de- 
canted from  the  precipitate  and  the  solution 
evaporated  (Meissner).  According  to  C.  Watts 
the  barium  chromate  is  best  treated  with  excess 
of  strong  nitric  acid,  the  preciijitated  chromic 
oxide  filtered  through  asbestos,  and  the  nitric 
acid  driven  off  by  heat.  Chromic  anhydride  is  a 
powerfully  acid  substance  crystallising  in  scarlet 
rhombic  prismatic  needles  of  sp.  gr.  2-788  (Zett- 
now).  They  are  stated  to  melt  at  1!)2°C.  but 
remain  liijuid  at  172°,  the  temperature  rising  to 
I'j5'-'C.  when  the  mass  solidifies. 

When  heated  to  250°  they  decompose  into  the 
chromate  of  chromium  CrO^Cr^Oj  with  evolution 
of  oxygen.  Above  that  temperature  the  whole 
is  converted  into  chromium  sesquioxide.  By 
the  action  of  light  on  a  solution  of  this  oxide, 
oxygen  is  evolved  and  the  chromate  of  chromium 
precipitated  as  a  brown  powder. 

Chromic  anhydride  is  very  soluble  in  water. 
100  parts  of  water  at  2G°C.  dissolve  (52  parts 
of  the  oxide.  It  dissolves  in  acetic  acid  and 
ether  without  decomposition  ;  is  almost  insoluble 
in  sulphuric  acid  of  1'77  sp.gr.  but  dissolves  in 
stronger  or  weaker  acid ;  is  insoluble  in  nitric 
acid  of  sp.gr.  1-46. 

Chromic  anhydride  is  a  powerful  oxidising 
agent.  Warm  anhydrous  alcohol  inflames  when 
dropped  upon  it,  and  even  dry  ammonia  gas  is 
oxidised  with  production  of  water  and  nitrogen. 
A  solution  of  the  anhydride  in  acetic  acid  is 
largely  used  as  an  oxidising  agent  in  organic 
work. 

It  has  the  property  of  producing  a  per- 
manent yellow  colour  with  silk  or  wool,  but  not 
with  cotton.  The  chromium  in  such  material 
may  be  converted  into  lead  chromate  upon  the 
fibre  or  further  dyed  by  logwood,  etc.  Cliromic 
anhydride  usually  contains  sulphuric  acid  and 
sulphates  or  nitrates ;  Moissan  has  found  21  p.c. 
of  sulphuric  acid  in  samples  of  the  commercial 
article. 

Chroraates.  Chrome  iron  ore.  All  chromates 
are  prepared,  directly  or  indirectly,  by  the  action 
of  oxidising  agents  upon  chroma  iron  ore  or 
chromitc  FeO.Cr.^0.,.  This  important  mineral  is 
found  in  a  large  number  of  localities,  principally 
in  Baltimore,  Norway,  and  the  Shetland  Islands  ; 
also  in  Asia  Minor,  Siberia,  and  New  South 
Wales.  Large  deposits  of  iron  ore  are  found  in 
New  Caledonia  containing  sometimes  5  p.c.  of 
chromium  sesquioxide  in  a  form  soluble  in  acid: 
probably  as  chrome  ochre. 

Chvomite  belongs  to  the  spinelle  group  of 
minerals.  It  is  isomorphous  with  magnetic  iron 
ore  FeOFCjO;,,  and  may  be  considered  as  that 
substance  in  which  the  sesquioxide  of  iron  is 
replaced  by  stsquioxide  of  chromium;  samples 
of  some  chromite  are  magiiciic.  A  portion  of  the 
chromium  is  usually  replaced  by  aluminium,  and 


some  of  the  iron  by  magnesium,  though  this  is 
sometimes  absent.  The  composition  of  chromite 
varies  extremely;  an  ore  containing  50  p.c.  of 
the  sesquioxide  is  of  very  good  quality.  Of 
seven  samples  from  varying  localities  analysed 
by  Clouet,  the  chromium  sesquioxide  present 
averaged  4-1  p.c.  A  crystalline  sample  from 
Baltimore  analysed  by  Abicli  showed  Cr.,0;j  GO  Ol, 
FeO  20-13,  ALU,  11-85,  MgO  7-45. 

Cln-omite  is  black  or  brownish-black,  and 
infusible  before  the  blowpipe.  It  will  scratch 
glass,  but  is  itself  scratched  by  a  good  steel 
knife. 

A  scheme  for  the  analysis  of  chromite  has 
been  given  under  the  estimation  of  chromium. 

Potassium  chromates.  Both  the  normal  and 
acid  chromates  are  of  importance  in  the  arts. 
The  acid  or  bichromate,  containing  the  larger 
proportions  of  the  active  constituent  CrOj,  is 
generally  prepared  on  the  large  scale. 

A  great  number  of  processes  have  been 
adopted  for  the  treatment  of  chromite  for  this 
purpose ;  they  all  depend  upon  the  oxidation  of 
the  chromium  sesquioxide  into  chromic  anhy- 
dride. 

The  ore  is  heated  to  redness  and  plunged 
into  cold  water  to  facilitate  the  powdering, 
stamped,  ground  in  a  mill,  and  finely  sifted. 

In  former  times  the  ore  was  mixed  with 
about  two-fifths  of  its  weight  of  jiotassium 
nitrate  and  ignited  on  the  bed  of  a  reverberatory 
furnace,  the  oxygen  required  for  the  oxidation  of 
the  sesquioxide  into  the  anhydride  and  the 
potassium  for  ts  conversion  into  potassium 
chromate  being  both  provided  by  the  nitrate.  A 
great  saving  was  introduced  by  the  substitution 
of  atmospheric  oxygen  as  the  oxidising  agent  in 
place  of  the  nitre,  the  potassium  being  supplied 
by  potassium  carbonate  or,  as  proposed  by  Watt, 
by  potassium  sulphate.  The  mass,  however, 
was  very  liable  to  fuse  and  the  heavy  particles 
of  chromate  to  sink  through  the  liijuid  and 
escape  the  action  of  the  blast.  This  difficulty 
was  overcome  by  Stromeyer,  who  introduced 
lime  into  the  mixture,  thus  rendering  the  mass 
porous  and  non-fusible  and  much  increasing  the 
rapidity  and  completeness  of  the  action. 

Tilghmann  (Patent  1847)  makes  use  of  fel- 
spar as  the  source  of  alkali.  For  this  purpose 
1  part  of  chrome  ore  is  mixed  with  4  parts  of 
felspar  and  4  parts  of  lime  or  7  parts  of  chalk. 
The  mixture  is  heated  to  bright  redness,  but  not 
to  fusion,  in  a  reverberatory  furnace  for  about 
twenty  hours,  with  constant  stirring.  The 
chromate  thus  produced  is  removed  as  de- 
scribed later. 

The  ore  may  also  be  mixed  with  potassium 
chloride,  and  heated  to  whiteness  with  frequent 
stirring  while  a  current  of  superheated  steam  is 
passed  over  the  mass ;  the  iron  is  stated  to  pass 
away  almost  entirely  as  chloride  (Swindells, 
Ch.  G.  1851,  410). 

Jacquelain  (A.  Ch.  [3]  21,  478)  prefers  to 
produce  calcium  chromate  in  the  furnace  and  to 
convert  it  subsequently  into  the  required  chrom- 
ate by  double  decom]JOsition.  He  thus  avoids 
the  loss  of  alkali  always  experienced  in  the 
ordinary  process.  The  ore  ig  finely  powdered, 
preferably  levigated  and  dried  before  use,  mixed 
ultimately  with  chalk  in  the  required  proportions 
and  heated  to  bright  redness  on  the  bed  of  a  re- 
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verberalovy  fiivnace  for  nine  or  ten  hours,  with  [ 
occasional  stirring  (at  least  once  an  hour).  The 
product  is  ground  in  a  mill,  suspended  in  hot 
water,  and  treated  with  sulphuric  acid  until 
slightly  acid ;  bichromate  of  calcium  is  thus  ^ 
produced.    A  little  chalk  is  stirred  into  the  solu- 
tion to  precipitate  the  iron  as  oxide,  and  a  ' 
solution  of  potassium  carbonate  or  other  salt, 
according  to  the  chromate  required,  is  added. 
The  calcium  is  thus  precijiitated  as  carbonate 
and  the  bicluoniate  required  remains  in  solution. 
The  solution  may  also  be  used  directly  for  the  j 
production  of  chrome  yellow  &c.  ! 

According  to  Booth's  method  (Pat.  1852) 
D.  P.  J.  181,  V67)  the  ore  is  mixed  with  one-ftfth 
of  its  weight  of  charcoal  or  coal  and  ignited  in 
a  reverberatory  furnace  like  that  used  for  puddling 
iron,  out  of  contact  with  the  air.  The  product 
is  thrown  into  vats,  and  the  reduced  iron  dis-  j 
solved  out  by  dilute  sulphuric  acid,  the  residue 
being  treated  in  the  usual  manner  for  the  pro- 
duction of  chromates.  The  weight  of  oil  of 
vitriol  used  amounts  to  about  two-thirds  that  of 
the  ore.  It  is  stated  that  the  value  of  the  ferrous 
sulphate  obtained  repays  the  extra  labour  in- 
volved. 

Atcherley  (Hoffman's  Ber.  ii.  Entw.  C.  I. 
[1]  725)  gives  a  description  of  the  manufacture 
of  potassium  bichromate  as  usually  practised  on 
the  large  scale,  of  which  the  following  is  the 
abstract : — 

The  ore  is  stamped,  ground  in  a  mill,  and 
passed  through  a  sieve  of  eighty  meshes  to  the 
inch. 

Potash  lye  is  prepared  by  soaking  7  cwt.  of 
burned  limestone  (containing  but  little  silica  and 
magnesia)  in  a  solution  of  2}  p.c.  of  potassium 
carbonate  free  from  chloride  (which  would  hinder 
the  crystallisation  of  the  product),  dried,  ignited, 
and  powdered. 

It  is  then  mixed  with  4J  cwt.  of  the  ore,  and 
spread  in  a  layer  2  inches  deep  upon  the  pre- 
viously heated  bed  of  a  reverberatory  furnace, 
at  the  end  nearest  the  lire.  The  furnace  is 
about  9  feet  long  and  0  feet  broad.  The  heat 
is  maintained  at  bright  redness,  and  the  mixture 
turned  over  every  15  minutes;  in  about  2  hours 
it  is  gradually  pushed  towards  the  farther  end 
of  the  furnace,  and  its  place  supplied  by  a  fresh 
charge.  The  operation  is  completed  in  about 
4  hours,  when  the  mass  is  greenish  yellow  and 
contains  chromates  of  potassium  and  calcium, 
lime,  potassium  silicate,  and  ferric  oxide.  It  is 
broken  into  coarse  powder  and  lixiviated  in 
wooden  pans,  placed  stcplike  one  above  another, 
with  a  hot  solution  of  potassium  sulphate,  which 
converts  the  calcium  chromate  into  potassium 
cln-omate  with  precipitation  of  calcium  sulphate. 
The  li(juid  is  allowed  to  run  from  one  vat  to  an- 
other, until  at  last  a  saturated  solution  of  potas- 
sium chromate  is  produced.  This  is  run  into  a 
depositing  vat  lined  with  lead  and  treated  with 
Bullicicnt  sulpliuric  acid  and  water  to  convert  the 
normal  salt  into  the  bichromate,  and  the  solution 
cooled. 

As  the  solution  of  normal  chromate  was 
saturated  and  contained  about  1  part  of  salt  in 
2  parts  of  solution,  the  bichromate  solution 
formed  is  sui)ursaturatcd,  tliat  salt  requiring 
nearly  live  times  as  much  water  for  solution  as 
■the  normal  chromate ;  about  three-quarters  of  the 


total  amount  in  solution  is  thus  deposited  on 
cooling.  The  crystals  are  redissolved  in  sullicient 
water  to  form  a  solution  of  1-120  sp.gr.  and 
crj-stallised  in  deep  iron  pans  at  a  temperature 
of  21°C. 

Potassium  chromate  K^CrO,  is  prepared,  as 
already  described,  from  chrome  ore.  It  n'ay  be 
produced  by  the  addition  of  potassium  hydrate 
to  a  solution  of  the  bichromate.  It  crystallises 
in  anhydrous  yellow  rhombic  prisms  isomor- 
phous  with  those  of  potassium  sulphate.  100 
parts  of  water  at  0"C.  dissolve  59  parts  of 
potassium  chromate  ;  at  100°  79  parts  are  dis- 
solved. The  solution  has  a  tine  yellow  colour  of 
great  tinctorial  power ;  a  distinct  yellow  tinge  is 
imparted  by  1  part  in  -100,000  parts  of  water. 
It  is  insoluble  in  alcohol  and  ether,  and  is  very 
poisonous.    Its  sp.gr.  is  2  71  (Kopp). 

When  heated  to  redness  with  reducing  agents, 
such  as  sulphur,  it  is  reduced  to  chromium 
sesquioxide.  The  addition  of  an  acid,  even 
carbonic  acid,  determines  the  decomposition 
into  bichromate  of  potassium.  This  change  is 
not  brought  about  by  the  less  heat  of  formation 
of  chromates  than  of  salts  of  the  decomposing 
acids,  but  by  the  greater  heat  of  fonnation  of 
bichromate  than  of  chromate  of  potassium 
(Berthelot,  C.  K.  96, 399).  According  to  Schwartz 
(D.  P.  J.  186,  31)  the  addition  of  the  calculated 
quantity  of  sulphuric  or  other  acid  is  not  suffi- 
cient to  produce  the  complete  decomposition  of 
normal  into  acid  chromates ;  a  considerable 
excess  is  required. 

Potassium  chromate  is  not  largely  used,  the 
bichromate,  on  account  of  its  greater  richness 
in  chromic  acid,  being  generally  preferred.  The 
general  uses  and  oxidising  properties,  however, 
described  under  bichromate  of  potassium,  also 
apply  to  the  normal  chromate. 

Potassium  bichromate,  generally  known  as 
'Bichromate.'  or  '  Bichrome,'  KXr.,0,.  This 
important  salt  is  prepared  in  large  quantities 
by  the  methods  already  described.  Considerably 
over  10,000  tons  are  annually  produced  in  Great 
Britain. 

It  crystallises  in  anhydrous,  fine,  red,  square 
tables  derived  from  triclinic  prisms  of  sp.gr. 
2'692,  and  of  intensely  metallic,  bitter  taste. 
They  melt  at  about  lOCC.  (Tilden  and  Shen- 
stone),  and  resolidify  on  cooling  without  change. 
At  bright  redness  decomposition  ensues,  and 
the  normal  chromate  and  chromic  sesquioxide 
result. 

100  parts  of  water  at  0°C.  dissolve  4-6  parts  ; 
at  20°  12-4,  and  at  100°C.  94-1  parts  of  the 
salt  (Allnard,  A.  133,  292). 

Potassium  bichromate  is  used  in  the  prepara- 
tion of  all  chrome  pigments  ;  of  '  discharge  '  for 
turkey  red,  &c. ;  for  the  production  of  a  large 
variety  of  colours  in  calico-printing  and  dyeing  ; 
in  the  nuinufacture  of  safety  matches,  Xx.  In 
solution  with  sulphuric  acid  it  is  used  as  a 
bleaching  agent  for  tallow,  palm  oil,  &c. ;  in 
the  oxidation  of  anthracene  to  alizarin,  and  in 
the  manufacture  of  aniline  violet.  For  the  use 
of  potassium  bichromate  in  tanning  leather  v, 
Donald  (S.  C.  I.  18S4,  615).  When  mixed  with 
organic  substances  it  is  reduced  on  exposure  to 
light ;  gelatine  under  such  circumst.incps  is 
rendered  insolulile.  This  reaction  with  gelatine 
is  of  great  importance,  and  may  be  applied  to 
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many  purposes.    It  is  taken  advantage  of  in  the 
'  Carbon  '  process  of  photography.    The  gelatine 
is  mixed  witli  a  pigment  of  any  colour,  and  tlie  j 
paj)er  carrying  tliis  film  is  sensitised  by  floating  ! 
on  a  solution  of  potassium  bichromate.    On  ex- 
posure under  a  negative  the  gelatine  in  those 
portions  exposed  to  the  light  becomes  insoluble, 
and  retains  the  pigment,  while  the  i^ortions  pro- 
tected by  the  darker  parts  of  the  negative  are  | 
almost  unacted  upon,  and  may  be  dissolved  in 
warm  water.    In  this  manner  photographs  of 
any  desired  colour,  and  of  great  beauty  and  per- 
manence, may  be  produced  ;  but  in  the  actual 
process  a  large  number  of  details  require  atten- 
tion, rendering  the  method  somewhat  difficult. 

Sodium  chroraates.  The  normal  chromate 
Na,CrO,10H.,O  and  the  bichromate  Na,Cr,0;2H,0 
are  prepared  by  methods  corresponding  to  those 
used  for  the  potassium  salts.  According  to 
Nac.  Walberg  (D.  P.  J.  259,  188)  they  are  pre- 
pared on  the  large  scale  as  follows  :  (i  of 
powdered  chrome  ore  (44  p.c.  CrO.,)  are  mixed 
with  3  parts  soda  ash  (92  p.c.  Na;,CO.,)  and 
3  parts  of  chalk,  and  heated  in  charges  of  1  ton 
in  a  reverberatory  furnace  for  eight  hours.  The 
mass  is  lixiviated  to  produce  a  solution  of  45°B.,  i 
boiled  down  to  52  B.,  and  allowed  to  crystallise 
in  leaden  pans.  The  crystals  are  first  dried  by 
a  centrifugal  machine,  and  finally  heated  to 
BO'C.  in  a  drying  cliamber,  where  they  crumble 
to  a  yellow  anhydrous  powder  containing  about 
96  13.C.  of  the  normal  chromate. 

For  the  production  of  bichromate  these 
crystals  are  dissolved  to  a  solution  of  40°B.  and 
treated  with  sufficient  chamber  acid  to  determine 
the  conversion  into  the  bichromate,  the  right  point 
being  found  by  potassic  iodide  and  starch  paper. 
Sufficient  neutral  sodium  chromate  is  then  added 
to  bring  the  percentage  of  CrO.,  to  about  72-5. 
The  liquor  is  cooled  in  lead  tanks  to  1°C.,  arti- 
ficially if  necessary,  and  the  sodium  sulphate 
crystallised  out.  The  liquor  is  drained  off, 
filtered  if  necessary,  and  evaporated  to  dryness 
in  an  iron  pot,  with  constant  stirring.  The 
residue  is  powdered  while  still  hot.  If  the 
amount  of  CrO^  be  allowed  to  exceed  72-5  p.c, 
the  product  is  damp  and  cannot  be  stored  in 
wooden  casks.  An  analysis  of  this  substance 
showed  CrO.,  72-3,  Na_,0  26-20,  SO,  1-40. 

Normal  chromate  of  sodium  forms  fine  large 
efflorescent  crystals  of  the  composition 

Na,CrO,10H,O, 
isomorphous  with  Glauber's  salt.    Unlike  the 
chromate  of  potassium,  it  is  less  soluble  than 
the  bichromate. 

Bichromate  of  sodium  K^Cr.p.2H^0  crystal- 
lises in  thin,  six-sided  prisms  with  bevelled 
edges  of  a  tine  hyacinth-red  colour,  and  is  very 
soluble  in  water. 

The  chromate  and  bichromate  of  ammonia 
are  prepared  by  mixing  in  proper  proportions 
solutions  of  ammonia  and  of  chromic  acid. 

Lead  chromates.  The  neutral  chromate  of 
lead  rbCrO,,  is  best  produced  by  the  action  of 
a  solution  of  lead  acetate  on  a  solution  of  a 
chi-omate.  Thus  produced,  it  is  of  a  fine  lemon- 
yellow  colour,  insoluble  in  water  and  dilute  acids. 
When  heated  to  250°C.  it  becomes  a  reddish 
brown,  at  a  higher  temperature  it  fuses,  and 
finally  evolves  oxygen  with  the  formation  of 
chromic  sesquioxide  and  a  basic  lead  chromate. 


On  account  cf  this  evolution  of  oxygon  on  heat- 
ing, this  substance  is  frequently  used  in  organic 
analysis. 

Lead  chromate  is  soluble  in  cold  lime  water 
or  caustic  alkali,  but  is  unattacked  by  hot  lime 
water.  For  this  reason,  in  immersing  calico 
coloured  with  chrome  yellow  in  lime  water,  for 
the  production  of  an  orange  colour,  care  should 
be  taken  that  the  solution  is  hot. 

When  heated  with  caustic  alkali  a  portion  of 
the  chromic  oxide  is  removed,  with  the  pro- 
duction of  a  basic  lead  chromate  of  colour 
varying  from  orange  to  vermilion. 

The  normal  chromate  is  largely  used  as 
a  pigment,  and  for  calico  printing,  &c.,  as  Chrome 
Yellow,  Paris  Yellow,  Leipsic  Yellow ;  when 
mixed  with  baryta  or  other  substance  to  lower 
the  colour,  as  Cologne  Yellow,  and,  when  mixed 
with  Prussian  blue,  as  Green  Cinnabar. 

The  basic  chromate  is  used  under  the  names 
Chrome  lied,  Austrian  Cinnabar,  Persian  lied. 

By  an  appropriate  mixture  of  the  normal  and 
basic  chromates,  or  by  differences  in  the  prepa- 
ration, any  shade  between  lemon-yellow  and 
vermilion  may  be  produced.  Such  colours  are 
known  as  Chrome  Orange.  Many  methods  are 
in  use  for  the  preparation  of  these  pigments. 
The  finest  chrome  yellow  is  produced  by  pre- 
cipitation ;  the  lead  acetate  used  should  not 
be  basic,  or  the  product  will  be  of  an  orange 
colour;  the  solution  should  be  dilute,  and  the 
lead  salt  sliould  be  in  excess;  the  presence  of 
excess  of  chromate  is  liable  to  '  turn '  the 
yellow — i.e.  to  produce  an  orange  tinge.  The 
substances  used  should  be  comparatively  pure. 

For  the  lighter  or  '  Cologne  yellow  '  the  solu-. 
tion  of  chromate  is  mixed  with  an  appropriate 
quantity  of  alum  or  of  sulphuric  acid  before 
precipitation.  The  lead  chromate  is  thus  pre- 
cipitated, together  with  any  desired  amount  of 
sulphate,  and  the  colour  correspondingly  lowered. 
The  bichromate  solution  may  also  have  baryta, 
gypsum,  or  kaolin  stirred  in  before  the  addition, 
of  the  lead.  Bouthron  Chatard  gives  the  com- 
position of  ordinary  Cologne  yellow  as  CaSOj 
60  p.c,  PbSO,  15  p.c,  PbCrO^  25  p.c. 

Biot  and  Delisse  first  precipitate  lead  sul- 
phate from  a  solution  of  the  acetate,  and  digest 
3  parts  of  the  washed  precipitate  with  1  part 
of  normal  potassium  chromate  dissolved  in  hot 
water.  The  chromate  is  thus  wholly  converted 
into  chrome  yellow,  mixed,  or  perhaps  combined 
with  the  lead  sulphate,  and  a  '  Cologne  yellow  '  of 
good  colour  is  produced.  The  colour  is  said  to 
be  equal  to  that  obtained  when  double  the  quan- 
tity of  chromate  has  been  used.  Its  covering 
power  is,  however,  stated  to  be  inferior  to  that 
of  the  precipitated  yellow. 

Liebig  uses  for  this  purpose  the  sulphate  of 
lead  obtained  in  dye-works  Ac.  as  a  by-product. 
The  pigment,  on  account  of  the  basic  character 
of  the  sulphate,  is  of  an  orange  colour. 

Authon  substitutes  lead  chloride  for  sul- 
phate, treating  100  parts  of  freshly  precipitated 
chloride  with  27  parts  of  bichromate. 

Kunge  mixes  45  parts  of  litharge,  G  parts  of 
salt,  and  50  parts  of  water  ;  the  mass  becomes 
white,  and  swells  considerably  ;  more  water  is 
added  to  prevent  it  from  hardening.  In  three 
or  four  days  the  whole  has  been  converted  into 
lead  oxychloride ;  a  solution  of  15  parts  of  po- 
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tassium  bichromate  is  then  poured  on,  and  tlie 
mass  well  stirred  and  washed.  A  corresponding 
process  is  used  with  carbonate  of  lead,  the  colour 
produced  being  preferable  to  that  when  chloride, 
sulphate,  or  oxide  of  lead  are  used. 

According  to  the  Textile  Colourist,  the 
method  generally  adopted  for  the  preparation 
of  chrome  yellow  is  as  follows.  For  the  prepa- 
ration of  the  lead  acetate  four  wooden  tubs, 
o  feet  in  diameter  and  li  fcCt  high,  are  arranged 
one  above  another,  so  that  the  liquid  may  pass 
downwards  from  one  to  the  other.  They  are 
filled  with  granulated  lead,  and  strong  wood 
vinegar  poured  on  the  uppermost ;  after  remain- 
ing there  for  a  few  minutes  it  is  run  into  the 
second,  third,  and  fourth  for  an  equal  time. 
The  surface  of  the  lead  is  thus  thoroughly  acted 
upon,  and  becomes  heated  aud  oxidised  by  the 
air.  The  vinegar  is  then  passed  through  a 
second  time,  remaining  in  cacli  tub  for  an  hour ; 
on  leaving  the  fourth  tub  a  saturated  solution  of 
acetate  is  produced. 

Bichrome  is  dissolved  in  10  or  12  parts  of 
water  in  steam-cased  copper  pans,  and  sufficient 
acetate  added  to  just  precipitate  the  chromate 
completely.  The  precipitate  is  settled,  washed 
by  decantation,  filtered,  and  dried  slowly  on 
boards.  The  filtration  should  be  performed  as 
rapidly  as  possible  because  tlie  pigment  swells 
considerably  while  drying,  and  this  should  take 
place  on  the  boards. 

By  mixing  some  chromate  of  lead  with  the 
lead  acetate  solution  a  dark  lemon  colour  is 
produced,  and  by  the  addition  of  caustic  potash 
to  the  precipitate  a  much  redder  pigment  may 
be  obtained. 

For  the  production  of  a  fine  vermilion  pig- 
ment Liebig  and  Wohler's  method  may  be  used. 
A  mixture  of  equal  parts  of  potassium  and 
sodium  nitrates  is  just  heated  to  fusion,  and 
chrome  yellow,  in  small  fragments,  is  dropped 
in  ;  ebullition  takes  place  and  the  mass  becomes 
black.  The  heating  should  be  continued  until 
ebullition  ceases.  The  chrome  yellow  has  then 
become  convcrlcl  into  basic  chromate  of  load 
and  potassium  chromate.  If  the  temperature 
used  be  too  high  the  product  becomes  brown 
and  is  spoiled.  The  supernatant  yellow  liquid 
is  poured  from  the  heavy  basic  lead  salt,  which 
is  then  well  washed  in  water.  The  washings 
should  be  poured  oli  as  quickly  as  possible,  or 
tlio  action  is  liable  to  be  reversed  and  the  normal 
chromate  reproduced  in  part,  with  a  correspond- 
ing reduction  of  colour. 

The  red  chromate  may  also  be  produced  by 
boiling  chrome  yellow  with  half  an  equivalent  of 
lime  or  of  caustic  alkali,  or  by  the  addition  to  a 
solution  of  lead  acetate  of  potassium  chromate 
to  which  an  equivalent  of  i)otassium  hydrate 
has  been  added. 

For  the  production  of  a  fine  'Persian  red' 
Prinvolt  digests  '25  parts  of  lead  carbonate  in  a 
cold  solution  of  10  parts  of  potassium  chromate 
for  2  days.  A  red  crystalline  precipitate  of  basic 
load  chromate  is  thus  produced,  while  potassium 
bicarbonalo  remains  in  solution.  The  mixture 
is  boiled  for  half  an  hour,  whereby  a  portion  of 
the  red  precipitate  becomes  decomposed  with 
the  formation  of  normal  load  chromate  and  of 
potassium  chromate,  turning  a  violet-red  colour. 
This  is  filtered  off,  washed,  and  digested  with 


one  part  of  sulphuric  acid  dissolved  in  100  parts 
of  water,  with  the  production  of  '  Persian  red.' 

The  colour  of  the  varieties  of  chrome  red  is 
due  principally  to  the  size  of  the  crystals,  those 
pigments  of  which  the  crystals  are  largest  being 
of  the  most  intense  colour. 
I  Calcium  cluromate  CaCrO,4R.O  is  largely 
produced  in  the  manufacture  of  chromates  from 
chrome  iron  ore.  It  is  soluble  in  water  and 
alcohol.  It  becomes  anhydrous  at  200  C,  and, 
being  then  almost  insoluble  in  water,  is  used  as 
a  pigment.  It  has  a  fine  straw  colour,  and  is 
used  for  distemper  work ;  is  permanent,  but  of 
shght  covering  power. 

A  bichromate  of  calcium  is  known,  contain- 
ing CaCr,0.3H,0. 

Barium  chromate  BaCrO,  is  a  canary  yel- 
;  low  powder,  known  as  Yelloiv  Ultramarine  or 
Lemon  Yellow.   It  is  produced  by  the  addition  of 
a  chromate  to  a  solution  of  a  salt  of  barium. 

Barium  chromate  is  insoluble  in  water  and 
acetic  acid,  soluble  in  hydrochloric  and  nitric 
acids.  On  treatment  with  a  boiling  solution  of 
chromium  anhydride  it  dissolves,  and  crystallises 
on  cooling  as  a  yellowish-red  powder,  consisting 
of  the  bichromate  BaCrP;2H.O. 
I  Barium  chromate  is  used  as  a  pigment ;  it 
is  stated  to  become  greenish  on  exposure  to 
light. 

Bismuth  chroirates.  On  the  addition  of 
potassium  bichromate  to  a  neutral  solution  of 
bismuth  nitrate  a  yellow  flocculent  precipitate, 
soluble  in  acids,  is  produced,  which  becomes 
crystalline,  having  then  the  composition 

3Bi,032.CrOj 
(Lowe).  On  heating  it  becomes  partly  decom- 
posed and  tui'ns  greenish.  From  an  acid  solu- 
I  tion  of  bismuth  nitrate  the  precipitate  formed 
consists  of  Bi..03.2Cr03  (Liiwe ;  Muir),  and  is 
quite  insoluble  in  water.  Bismuth  chromate  is 
used  as  a  pigment  and  in  calico-printing. 
I  Zinc  chromate,  Zinc  Yellow,  or  Buttercup 
Yellow  ZnCrO,.  is  a  beautiful,  stable,  yellow 
pigment,  produeod  by  the  addition  of  hot  neutral 
solution  of  zinc  sulpliatelo  potassium  chromate. 
According  to  \Yagner,  English-zinc  yellow  has 
the  composition 

CrO,  1104,  ZnO  75-35,  CO.,  3-Gl,  H..0  G19. 
CHROMOMETERS  i'.  Colohimktehs. 
CHRYSAMIN   r.  Azo-  coLormNO  m.vtters. 
Chrysamin  not  only   dyes   cotton  without  a 
mordant,  but  may,  according  to  Kneeht,  even 
serve  as  a  mordant  for  methylene  blue,  safra- 
[  nine,   and  aniline  green.    Galland  has  used 
chrysamin  and  similar  colours,  such  as  benzo- 
purpurin  and  azo-blue,  as  mordants  for  various 
I  dyes,  with  the  following  results.  Two  minutes' 
innnersion  in  a  bath  containing  1  gram  chrys- 
amin, 2-5  litres  water,  and  25  grams  sodium 
phosphate  for  each  square  metre  of  the  fabric, 
'  gave  a  canary-yellow  shade.    The  best  results 
I  were  obtained  with  triphenylearbinol  derivatives, 
1  particularly  with  Victoria  blue,  its  dark-blue 
j  shades  resisting  better  than  the  others  a  soap 
bath  for  1^  hours  at  70°C.    The  shades  obtained 
j  with  aniline  violet  do  not  resist  a  soap  bath  so 
w^ell,  and  if  produced  by  magenta,  methylene 
blue,  n)alachite  green,  Bismarck  brown,  or  safra- 
nine,  they  are  entirely  decomposed  by  a  soap 
bath  at  70°.    Other  colours,  such  as  Couiiior's 
grey,  the  phthaleiu  derivatives— eosin,  erythro- 
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sin,  ccpnilem  ;  anthraqriinone  clorivatives — ali- 
zarin blue  and  the  natural  colours,  logwood, 
Lima  extract,  cochineal,  etc.,  are  not  iixed  so 
well,  or  not  at  all,  and  are  all  entirely  destroyed 
by  soap.  Benzo-purpurin  and  azo-blue  behave 
towards  aniline  and  anthracene  colours,  as  also 
to  the  natural  colours,  like  chrysamin,  but  the 
shades  produced  by  the  latter  are  faster  (S.  C.  I. 
5,532). 

CHEYSANILINE  Diamidophenylacridine 
C|,|H|,N.,  is  obtained  as  a  by-product  in  the  manu- 
facture of  rosaniline  by  the  arsenic  acid  method, 
and  was  isolated  by  Nicholson  (D.  P.  J.  168,  133) 
by  treating  the  residue  with  steam,  whereby  chiys- 
aniline  passes  into  solution  and  can  be  precipi- 
tated therefrom  by  addition  of  nitric  acid.  It 
was  further  examined  by  Hofmann  (B.  2,  378), 
who  prepared  its  methyl-,  ethyl-,  and  phenyl- 
derivatives.  Its  composition  and  constitution 
were  first  established  by  Fischer  and  Korner 
(B.  17,  203  ;  A.  226, 175  ;  compare  also  Anschiitz, 
15.  17,  433)',  who  refer  its  formation  in  the 
rosaniline  melt  to  a  condensation  and  subse- 
quent oxidation  of  orthotoluidine  and  aniline,  ] 
since  they  have  effected  its  synthesis  by  heating 
with  arsenic  acid  at  180°-200°  the  orthodipara-  I 
triamidotriphenylmethane  obtained  by  Eenouf 
(B.  16,  1301)  by  the  action  of  dehydrating  j 
agents  on  a  mixture  of  orthonitrobenzaldehyde 
and  aniline. 

Properties. — Chiysaniline  crystallises  with 
2  mol.  of  H^O  from  50  p.c.  alcohol  in  golden- 
yellow  needles,  and  from  benzene  with  1  mol. 
of  benzene  of  crystallisation  in  golden -yellow 
scales ;  the  latter  melt  when  placed  in  a  bath 
heated  at  150°-1C0°,  but  when  slowly  heated 
lose  the  associated  benzene,  and  melt,  like  the 
former,  at  267°-270°.  It  is  insoluble  in  water, 
and  sparingly  soluble  in  alcohol.  On  oxidation 
with  chromic  acid  it  yields  acridine  (A.),  and 
when  diazotised  is  converted  into  phenylacridine 
(m.p.  =  164'^).  Chrysopheml  C,,,H,,N,0,  a  yel- 
low dye,  is  obtained  when  it  is  heated  at  160^-180°  1 
with  concentrated  hjalrocliloric  acid,  and  crystal-  | 
lises  from  dilute  alcohol  with  2  mols.  of  li^O  in  ' 
ruby-red  needles.  Chrysaniline  forms  two  series  \ 
of  salts  ;  of  these  the  sparingly  soluble  nitrate  is 
the  most  characteristic  :  it  crystallises  in  ruby- 
red  needles,  and  is  employed  under  the  name 
phosphine  as  a  valuable  golden-yellow  dye 
for  silk  and  wool. 

CHEYSAROBIN  C,„H  ,„0,.  This  substance  is 
a  constituent,  to  the  extent  of  84  p.c.  (Atttield), 
of  araroba  or  Goa  powder,  the  pith  of  a  tree 
belonging  to  a  species  of  Cwscdpina  (Holmes,  Ph. 
■[3]  5,  801),  and  was  first  extracted  therefrom 
by  Attfield  (Ph.  [3]  5,  721),  who  believed  it  to  be 
chrysophanic  acid,  into  which,  indeed,  it  is 
readily  converted  on  oxidation  (Liebermann  and 
Seidler,  A.  212,  36).  Clirysarobin  is  extracted 
from  Goa  powder  by  hot  benzene,  and  when 
crystallised  from  glacial  acetic  acid  forms  small 
yellow  lamina.  It  can  be  repeatedly  crys- 
tallised without  alteration,  but  is  oxidised  to 
chrysophanic  acid  when  air  is  passed  through 
its  solution  in  aqueous  caustic  potash.  It  is  dis- 
tinguished from  chrysophanic  acid  by  dissolving 
in  concentrated  sulphuric  acid  W'ith  a  yellow, 
and  in  concentrated  aqueous  caustic  potash  with 
a  dark-green  colour,  whilst  dilute  aijueous  potash 
does  not  dissolve  it ;  chrysophanic  acid,  on  the 


contrary,  yields  a  red  solution  with  concentrated 
sulphuric  acid  and  dilute  aqueous  potash  (Lie- 
bermann and  Seidler,  B.  11,  1603)  v.  Akaiioba 
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CHRYSAZIN  V.  Alizakin  and  allied  colour- 
ing MATTEllS.  : 

CHRYSEINIC  ACID  v.  Naphthalene. 

CHRYSENE  C„H,,  or  <c"^  *^f^> 

This  hydrocarbon  occnrs  in  the  highest  boiling 
portions  of  coal  tar,  and  in  the  tarry  products 
obtained  in  the  dry  distillation  of  wood,  fats, 
and  oils  (Laurent,  A.  Ch.  [2]  66,  136).  Syn- 
thetically, it  can  be  prepared  by  passing  the 
vapour  of  benzylnaphthylmethane  through  » 
red-hot  tube  (Graebe  and  Buugener,  B.  12, 1078).' 

Purification. — Chrysene  is  extracted  from  the 
mixture  of  solid  hydrocarbons  consisting  chiefly 
of  pyrene  and  chrysene,  which  boil  at  a  higher 
temperature  than  anthracene  and  constitute  the 
last  portions  of  the  distillate  from  coal  tar,  by 
repeated  digestion  with  carbon  bisulphide  in  the 
cold.  This  treatment  removes  all  the  hydro- 
carbons present  in  the  mixture  except  chrysene 
(present  to  the  extent  of  18  to  19  p.c),  and  this 
is  further  purified  by  crystallisation  from  coal 
oil  (boiling  point  =  150"),  from  which  it  sepa- 
rates in  golden-yellow  scales.  The  yellow 
colour,  due  to  an  impurity,  cannot  be  removed 
by  repeated  crystallisation,  but  is  destroyed  by 
boiling  with  alcohol  and  a  small  quantity  of 
nitric  acid  (Liebermann,  158,  299). 

A  second  method  for  obtaining  chrysene 
from  crude  greenish-yellow  anthracene  (m.p. 
=  207-208°)  has  been  described  by  Schmidt 
(J.  pr.  [2]  9,  250,  270).  For  this  puipose  40-50 
grams  of  the  anthracene  are  dissolved  in  5 
litres  of  strong  (95  i^.c.)  alcohol,  and  the  solu- 
tion after  filtration  is  boiled  with  30  grams 
of  niti'ic  acid  (sp.gr.  =  1-4)  in  a  reflux  apparatus 
for  some  time.  On  cooling  red  needles  of  a 
sparingly  soluble  compound  of  chrysene  and 
dinitroanthracjuinone  C|,,H|..,C,,H|.(NOJ^Oo  sepa- 
rate out,  which  when  treated  with  tin  and 
hydrochloric  acid  decompose  into  chrysene  and 
reduction  compounds  of  dinitroanthraquinone. 
The  hydrocarbon  is  then  obtained  jjure  and 
colourless  by  crystallisation  from  benzene. 

Propci-iics. — Chrysene  crystallises  in  scales, 
or  in  well-defined,  colourless  rhombic  plates, 
melts  at  250°  and  boils  at  436°.  It  is  a 
sparingly  soluble  substance  ;  for  example,  100 
parts  of  absolute  alcohol  dissolve  0'097  parts 
at  16°,  and  017  parts  at  18°,  and  100  parts  of 
toluene  dissolve  0-24  parts  at  18°,  and  5-39  parts, 
at  100°(v.Bechi,B.  12, 1978),  whilst  ether,  carbon, 
bisulphide,  benzene,  and  acetic  acid  dissolve  it 
only  to  a  slight  extent  at  the  ordinary  tem- 
perature, but  moi-e  readily  on  boiling.  The 
solutions,  like  the  pure  hydrocarbon,  show  a  deep 
reddish-violet  fluorescence.  Chrysene  combines 
with  dinitroanthraquinone  and  with  picric  acid 
(trinitrophenol)  to  form  charactei'istie  com- 
pounds; the  picrate  C,„H,,,C„H,(NO,).,.OH  ob- 
tained by  adding  chrysene  to  picric  acid  in 
benzene  solution  crystallises  in  long  red  needles 
and  is  decomposed  by  alcohol  (Liebermann, 
Schmidt).  When  heated  with  concentrated  sul- 
phuric acid  chrysene  yields  a  sulphonic  acid, 
and  when  treated  With  nitric  acid  under  vary- 
ing conditions  yields  mono-,  di-,  and  tetra-  nitro- 
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derivatives  {ibid.),  whilst  clilorine  and  bromine 
convert  it  into  substitution-derivatives  (Schmidt). 
On  oxidation  with  chromic  acid  in  acetic  acid 
sohition,  chrysene  is  converted  into  chrysoquin- 
oue  C|^H,„0._,,  which  crystallises  in  yellowish 
red  needles,  melts  at  235'^,  yields  azines  on 
treatment  with  ortho-diamines  (Liebemiann 
and  Witt,  B.  20,  2212),  and  is  characterised  by 
dissolving  in  concentrated  sulphuric  acid  with  a 
blue  colour. 

CHEYSEOLIN  v.  Azo-  colouring  matters. 

OHRYSOBERYL.    Beryllium  aluminate  v. 

AliUMIXIUM. 

CHEYSOCOLLA.  The  Greek  name  for  borax. 
Now  applied  to  copper  silicate  v.  Copper. 

CHEYSOGEN.  An  oranKe-coloured  sub- 
stance, containing  more  than  'J-i  p.c.  of  carbon, 
and  said  to  be  a  hydrocarbon,  discovered  by 
Fritzsche  (Z.  1800,  139)  in  crude  anthracene.  It 
is  sparingly  soluble  in  the  ordinary  organic 
solvents.  In  sunlight  its  solutions  become 
rapidly  bleached,  and  yield  a  colourless  crys- 
talline compound  which  on  fusion  becomes 
orange-yellow. 

CHEYSOIDINE  v.  Azo-  colouring  matters. 

CHRYSOIN  r.  Azo-  colouring  matters. 

CHRYSOLINE  v.  Azo-  colouring  matters. 

CHRYSONAPHTHAZINE  v.  Azixes. 

CHRYSOPHANIC  ACID  C,.H,„0,  (De  la 
lUic  and  MiUler,  C.  J.  10,  2;)8  ;  Thann,  A.  107, 
324).  This  acid  occurs  in  the  roots  of  various 
species  of  Rheum  and  liuinex  (H.  Grothe,  P.  113, 
190).  It  can  be  obtained  from  rhubarb  root,  iu 
which  it  occurs  together  with  emodin,  by  ex- 
traction with  benzene.  After  removal  of  the 
benzene  by  distillation,  the  residue  is  treated 
with  aqueous  caustic  soda  whereby  emodin  and 
other  impurities  are  removed  whilst  the  acid 
remains  undissolved  (Liebcrmann  and  Fischer, 
183,  1.58).  Chrysoplianic  acid  may  also  be  ob- 
tained from  chrysarobin  by  oxidation  with  air 
in  alkaline  solution  ;  the  acid  is  then  precipi- 
tated by  the  addition  of  a  mineral  acid,  and 
crystallised  from  petroleum  spirit  (Liebemiann 
and  Seidler,  13.  11,  1003). 

Chrysophanic  acid  crystallises  from  alco- 
hol in  golden-3'ellow  needles,  and  melts  at 
102°.  It  dissolves  in  1125  parts  of  alcohol  (86 
p.c.)  at  30',  and  in  224  parts  at  the  boiling- 
jjoint,  and  is  soluble  in  hot  benzene,  acetic 
acid,  and  amyl  alcohol.  When  heated  with 
zinc-dust  it  yields  metliylanthracene.  Concen- 
trated sulphuric  acid  and  aqueous  alkalis  dis- 
solve it,  forming  red  solutions.  (V.  also  Cascara. 
Saorada.) 

CHRYSOPHANIN  v.  Si-.nna  leaves. 
CHRYSOPHENIN  v.  Azo-  colouring  mat- 
ters. 

CHRYSORETIN  r.  S.:nna  leaves, 

CHRYSOTOLUAZINE  v.  Azines. 

CHRYSOTOLUIDINE  C,,H,,N,.  A  yellow 
crystalline  base  of  unknown  constitution 
(c/.  Ilofuiann,  B.  2,  380)  occurring  in  the 
residue  obtained  in  fuchsin  manufacture  by  the 
arsenic  acid  method  (Girard,  De  Laire,  and 
Chapoteaud  (C.  R.  G3,  904  ;  04,  410).  The 
hydrochloride  is  a  yellow  dyostuff. 

CIDER,  or  CYDEE,  is  a  beverage  produced  by 
the  fermentation  of  the  juice  of  apples,  and  is 


made  in  several  counties  of  England,  in  Nor- 
mandy, Holland,  portions  of  Germany,  and  of 
the  United  States  of  America. 

The  best  apples  for  the  purpose  are  rather 
tough,  piquant,  and  astringent.  The  kinds  pre- 
ferred are,  in  Devonshire,  the  Foswhelp,  Hoyal 
Wilding,  Skryme's  Kernel,  White  Normandy 
Beech,  and  Yellow  Styre;  in  Herefordshire, 
varieties  of  the  Foxwhelj),  known  as  the  New, 
Old,  Bastard,  Red  and  Black  Foxwhelp,  Dymock 
Red,  White  Musk,  Norman  Cider,  and  others  ; 
in  America  the  Harrison,  the  Red  Streak,  and 
the  Virginia  Crab.  The  apples  now  used  for 
making  the  best  qualities  of  cider  are  especial 
varieties,  and  are  not  suited  for  any  other  pur- 
pose. The  kinds  are  roughly  distinguished  as 
'  early '  and  '  late,'  according  to  the  period  of 
their  maturity,  so  that  by  a  judicious  assortment 
in  the  orchards,  the  mill  may  be  almost  con- 
stantly kept  at  work.  The  soil  in  which  the 
trees  are  grown  should  be  strong  and  rich 
in  phosphates,  and  should  be  systematically 
manured  to  ensure  continuous  heavy  bearing. 
For  this  purpose  a  compost  is  recommended 
consisting  of  bone-dust  1  part,  pure  dissolved 
bone  1  part,  kainit  2  parts,  charcoal-dust  20 
parts. 

The  fruit  having  been  gathered  at  the  period 
of  maturity,  is  placed  in  heaps  until  it  becomes 
sufficiently  ripe  and  mellow  to  be  crushed  ;  by 
this  means  an  equal  degree  of  ripeness  is  attained. 
Wherever  possible  the  fruit  should  be  kept 
under  cover,  since  exposure  to  rain  washes  away 
a  large  proportion  of  those  forms  of  torulie 
occurring  naturally  on  all  kinds  of  fruit,  and  so 
essential  to  carrying  on  the  process  of  fermenta- 
tion. A  certain  proportion  of  the  sugar  is  also 
liable  to  be  carried  away  by  rain. 

Of  course  it  is  possible  to  make  good  cider 
from  only  one  kind  of  fruit,  but  a  mixture  of 
different  varieties  of  sweet  and  bitter-sweet  gives 
more  satisfactory  results.  All  the  fruit  should 
be  sound,  for  it  is  fatal  to  the  manufacture  of 
the  finest  cider  that  apples  iu  every  variety  of 
condition  should  be  promiscuously  mingled.  As 
an  early  writer  says:  '  This  error  or  neglect  hath 
not  only  been  the  occasion  of  much  thin,  raw, 
phlcgmatical,  soure,  and  unwholesome  cider, 
but  hath  cast  a  reflection  on  the  good  report 
that  cider,  well  made,  most  richly  deserves.' 

The  methods  employed  in  extracting  the 
juice  were  until  recent  years  of  a  primitive 
character.  Mashing  iu  a  trough  with  pestles 
wielded  by  hand  was  the  usual  practice,  or  the 
fruit  was  thrown  into  a  stone  trough  studded 
with  nails,  iu  which  a  cylinder  of  wood  or 
stone  similarly  spiked  was  made  to  revolve  by 
the  aid  of  one  or  two  horses.  This  form  of 
mill  still  exists  in  many  places.  Where  large 
quantities  of  fruit  have  to  be  dealt  with,  it  is 
passed  between  rollers  of  wood  or  stone,  exert- 
ing not  only  a  pressing,  but  also  a  tearing  action 
upon  it.  Some  makers  have  designed  these 
machines  so  as  to  disintegrate  the  pulp  without 
bruising  the  seeds,  under  the  belief  that  the 
flavour  of  the  pips  injures  that  of  the  cider.  In 
grinding  it  is  customary  to  sprinkle  a  little 
water  over  the  apples,  and,  as  the  pulp  is  re- 
moved from  the  machine,  to  place  it  in  wicker 
mats  or  in  hags  of  hair-cloth,  in  which  the  juice 
ia   expressed   from   it.     Sometimes  w-ater  is 
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a:1Jc(l  to  the  solid  portion  remaining  after  the 
first  expression,  from  which  an  inferior  quality 
of  cider  re.-iults ;  occasionally  even  a  third 
variety  is  made  by  again  soaking  and  pressing 
the  '  cake  '  or  '  cheese.'  Finally  the  residue  is 
mixed  with  chaif  and  given  to  the  cattle,  or 
dried  to  form  fuel,  or  thrown  to  the  manure 
heap,  thence  to  be  returned  to  the  orchard. 

The  prevalent  practice  in  England  is  to 
remove  the  pulp  or  '  pommage '  at  once  from  the 
mill  and  to  proceed  to  the  i5ressing  without 
delay.  In  America,  however,  it  is  customary  to 
allow  the  pommage  to  stand  in  open  vats  for 
24  to  48  hours  or  longer,  whilst  in  Germany 
and  in  some  parts  of  Normandy,  it  is  left  for 
from  5  to  12  days  until  fermentation  is  well 
established.  It  is  claimed  that  by  this  delay 
the  flavour,  perfume,  and  colour  of  the  fruit  is 
conveyed  to  the  liquor  and  to  the  resultant  cider. 
As  in  the  case  of  the  pulping  mill,  the  ap- 
paratus for  pressing  has  been  much  improved  of 
late  years,  the  aim  being  to  secure  a  gradual  and 
not  too  forcible  pressure.  As  it  proceeds,  the 
liquor,  at  first  turbid,  becomes  later  quite  clear. 
Tiie  juice  is  placed  in  hogsheads  of  50  gallons 
in  Devonshire  or  of  twice  that  capacity  in  Here- 
fordshire, and  fermentation  rapidly  sets  in. 

The  process  of  fermentation  should  be 
carried  on  at  a  moderately  low  temperature  if 
jiossiblo,  never  exceeding  40°F.  Under  favour- 
able conditions,  at  this  temperature  the  sugar 
is  rapidly  converted  into  alcohol  and  carbonic 
acid,  large  volumes  of  gas  being  given  off, 
whilst  at  the  same  time  a  strong  frothy  head 
is  thrown  up.  This  consists  principally  of  the 
lighter  portions  of  tissue  and  other  particles 
which  have  been  puslied  to  the  surface  by 
the  rising  bubbles  of  gas.  As  soon  as  a  certain 
proportion  of  alcohol  is  produced  the  fer- 
mentation becomes  less  active,  the  greater  por- 
tion of  matters  in  suspension  begins  to  sub- 
side, and  the  liquid  becomes  moderately  clear. 
At  this  stage  it  is  racked  off  quickly  into  fresh 
casks  where  the  secondary  fermentation  is 
carried  on  at  as  low  a  temperature  as  possible. 
The  alcohol  produced  in  the  primary  fermenta- 
tion now  acts  in  a  very  beneficial  way,  for 
where  a  normal  quantity  is  present,  not  only 
does  it  serve  to  hold  in  check,  or  possibly  pre- 
vent altogether,  the  development  of  organisms 
tending  to  produce  acetous  or  possibly  lactic 
fermentation,  but  it  also  takes  up  and  helps  to 
hold  in  solution  the  essential  oils  of  the  pips 
and  skins  of  the  fruit,  which  during  the  grind- 
ing and  pressing  had  been  released  from  the 
ruptured  cells  which  contained  them.  By  this 
moans  the  cider  acquires  a  delicious  fruity 
aroma  eminently  characteristic  of  pure  un- 
S02)histicatcd  cider. 

If,  however,  the  apple  juice,  or  must,  bo  de- 
ficient in  sugar,  so  that  but  little  alcohol  is 
produced  and  all  the  available  sugar  is  used  up 
in  the  primary  fermentation,  then  after  racking 
a  certain  amount  of  flatness  ensues  in  the 
]i(juor  and  a  great  tendency  to  acetous  fermen- 
tation is  developed,  so  that  in  a  short  time  we 
have  a  liquid  consisting  practically  of  a  mix- 
ture of  acetic  acid  with  the  malic  acid  originally 
present,  and  possessing  a  sourness  more  intense 
than  vinegar.  Under  such  circumstances  it  is 
advisable  to  add  invert  sugar  to  the  isressed 
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must  in  such  proportions  as  to  bring  the  total 
quantity  of  sugar  up  to  the  normal. 

Up  to  the  present  time  little  or  nothing  ia 
known  with  regard  to  the  species  of  yeast 
which  carry  on  the  process  of  fermentation  of 
cider,  but  undoubtedly  some  one  or  more  of  the 
dift'erent  varieties  of  Saccharomyccs  Pastorianiis 
as  well  as  S.  dlipsoidciis  and  S.  apiculatus  con- 
tribute largely  to  this,  and  it  is  extremely  probable 
that  a  careful  study  of  the  yeast  produced  during 
eider  fermentation,  and  a  judicious  selection  of 
certain  forms  or  types  of  cells  for  carrying  on 
the  various  stages  of  fermentation,  would  result, 
in  the  production  of  a  li(iuorfar  superior  to  that 
which  is  at  present  known  as  cider,  and  calcu- 
lated to  take  a  very  high  rank  among  fermented 
beverages. 

The  strongest  and  best  cider  will  keep  in 
cask  for  4  or  5  years,  but  the  present  custom  is 
to  bottle  it  in  the  spring  following  the  autumn 
in  which  it  has  been  made  ;  by  this  means  a 
much  greater  richness  is  obtained. 

The  following  table  represents  the  mean  of 
many  analyses  of  fresh  ap^jle-juice  from  the 
'  best  fruit : 

Water   800-00 

Sugar  capable  of  being  converted  into ^  17S-00 
alcohol    .       .       .       .       .  ./ 

Tannic  acid  or  tannin  .  .  .  5-00 
Mucilage  or  pectosine  (soluble  pectin,  )      j^o  qo 

gum)  / 

I  Free  acids  (malic,  tai'taric,  etc.)  .       -  1-07 
I  Albumen  and  fermentable  matter      .  5'00 
Saline    matters    (lime,   maiatcs  of"] 
potash  and  of  lime,  phosphate  of  >  1'75 
lime)       .       .       .       .       .  .J 

Pectic  acid,  colouring  matter,  fixed  "j 

acid,  volatile  oils,  and  insoluble  sub-  V  2-18 
stances  in  suspension     ,       ^  .J 

lOUO-00 

The  best  and  soundest  cider  should  contain 
from  8  to  10  p.c.  of  alcohol  (Hogg),  with  from 
2  to  8  p.c.  of  sugar.  The  presence  of  a  con- 
siderable amount  of  tannin  and  tannic  acid 
causes  the  albumen  and  pectin  to  be  deposited, 
thus  fining  the  liquor  ;  it  regulates  fermentation 
and  prevents  ropiness.  Hence  it  is  the  custom 
with  some  cider  makers  to  add  a  small  quantity 
of  good  fresh  hops  to  the  must  either  before  or 
after  the  jjrimary  fermentation  has  set  in. 

Another  constituent  of  apple-juice  is  malic 
acid,  and  what  tartaric  acid  is  to  the  grape 
malic  acid  is  to  the  fruit  of  our  English  gardens. 
But  there  the  comparison  ends,  for  whereas 
when  grape-juice  begins  to  ferment,  directly  an 
appreciable  quantity  of  alcohol  is  formed,  the 
tartaric  acid  begins  to  be  thrown  out  of  solu- 
tion in  the  form  of  argol,  and  this  process  of 
elimination  of  the  acid  from  the  wine  goes  on 
as  long  as  additional  quantities  of  alcohol  are 
formed.  Now,  if  we  could  by  any  mpans 
manage  to  get  rid  of  the  malic  acid  in  cider 
under  somcwliat  similar  conditions,  a  natural 
apple-wine  of  high-class  merit  might  be  manu- 
factured in  this  and  other  apple-growing  coun- 
tries and  which  might  very  favourably  compete 
with  many  of  the  grape-wines  at  present  in  the 
market. 

Cider,  by  careful  manipulation,  can  be  made 
to  contain  a  very  high  percentage  of  spirit,  ligiit 
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and  clean  in  cliaractc'i-,  free  from  fusel  oil  and 
rich  in  compound  ethers,  of  fragrant  aroma  and 
delicate  flavour,  which  when  carefully  distilled 
is  capable  of  becoming  a  first-class  brandy. 

CINCH AMIDINE  v.  Vkoeto-alkaloids. 

CINCHONAMINE  v.  VEGmo-Ai.K.VLOii)S. 

CINCHONIBINE  v.  Vegeto-alkaloids. 

CINCHONIDINE  v.  Veoeto-alkaloid3. 

CINCHOMERONIC  ACID  v.  Bone  oil. 

CINCHONINE  I-.  Vkgeto-alkaloids. 

CINEOL  r.  Campiioks  ;  Santonica. 

CINNABAR.  Mercuric  sulphide,  Vermilion, 
V.  Mekcuky  ;  Pigments. 

CINNABAR,  GREEN,  v.  Ciikomium. 

CINNAMEIN  V.  Balsam  of  Pent,  art. 
Balsams. 

CINNAMALDE  SYDE  Cinnamic  aldehyde 
C^Hi.CHiCH.CHO  is  contained,  together  with 
a  hydrocarbon,  in  oil  of  cinnamon  and  oil 
of  cassia.  It  may  be  extracted  from  oil  of 
cinnamon  by  shaking  the  oil  with  a  concen- 
trated solution  of  sodium  bisulphite,  filtering  oil 
the  crystalline  bisulphite-compound,  washing 
the  latter  with  alcohol  and  distilling  it  with 
dilute  sulphuric  acid,  when  the  cinnamaldehyde 
passes  over  with  the  steam.  The  cinnamalde- 
hyde is  extracted  from  the  aqueous  distillate 
with  ether,  and  after  expelling  the  ether,  is 
purified  by  distillation  under  a  pressure  of  from 
40  to  .50  mm.  (Peine,  B.  17,  2100).  It  is  best 
obtained  by  allowing  a  mixture  of  10  parts  of 
benzaldehyde,  15  of  ordinary  aldehyde,  900  of 
water,  and  10  of  a  10  p.e.  solution  of  caustic 
soda  to  stand  at  a  temperature  of  about  30°  for 
from  8  to  10  days,  shaking  from  time  to  time : 

Col  r..C  HO  +  CH^.CHO  ^  CeTI..CH  :CH.CnO  n^o. 

The  solution  is  extracted  with  ether  and  the 
ethereal  extract  treated  as  in  the  foregoing 
method  (Krszysica,  B.  17,  2117).  Also  formed 
when  a  mixture  of  calcium  cinnamate  and  cal- 
cium formate  is  distilled  (Piria,  A.  100,  10.5). 

It  is  a  colourless  oil  with  a  pleasant  aromatic 
smell  of  cinnamon.  It  decomposes  when  dis- 
tilled under  ordinary  pressures,  especially  with 
access  of  air,  but  may  be  distilled  without  de- 
composition in  a  current  of  steam  or  under 
reduced  pressure.  It  boils  at  120-130°  under  a 
pressure  of  20  mm.  (Peine,  B.  17,  2110).  Sp.gr. 
1-0197     (Briihl,  A.  235,  18). 

By  oxidation  it  yields  first  cinnamic  acid 
and  afterwards  benz.aldchydc  and  ben/.oic  acid. 
It  gives  the  usual  reactions  of  the  aldehydes. 

F.  K.  J. 

CINNAMIC  ACID  C,,H,.CH:CH.COOH.  {Acide 
cinnamique,  Fr. ;  Zimmtsuure,  Ger.)  The 
separation  of  a  solid  acid  from  oil  of  cinnamon 
on  keeping  was  first  observed  towards  the  end 
of  last  century,  but  the  acid  was  confounded 
with  benzoic  acid,  until  Bi/.io,  in  1S2(),  showed 
that  it  was  a  distinct  acid.  It  was  first 
thoroughly  investigated  by  Dumas  and  Peligot 
(A.  11,  5C)). 

Occurrence. — In  liquid  storax,  partly  free, 
partly  as  cinnamyl  cimiamate  (styracin) ;  in 
tolu  and  Peru  balsams  together  with  benzoic 
acid  and  benzyl  cinnamate ;  in  some  sorts  of 
gum  benzoin  ;  and  in  the  leaves  and  stalks  of 
dlobularia  Ali/pum  and  (!.  vulgaris,  and  in  the 
leaves  of  EnlciaiUkus  ja]>oiiicus. 


I  Formation  aiul  Preparation. — It  is  formed 
bv  heating  benzaldehvde  with  acctvl  chloride  at 
120-130°  (Bertagnini.'A.  100,  120) 

C.Hj.CHO  -I-C1I,.C0L1  =  C\H>.CH  :CH.CO,H  -t-  HCl. 

Perkiu  showed  that  it  might  be  more  readily 
obtained  by  heating  a  mixture  of  benzaldehyde, 
acetic  anhydride,  and  anhydrous  sodium  ace- 
tate: 

c  JI5.CH0  -I  (CH,co),o = c,H..CHK:n.co,n + c.h.o, 

(C.  N.  32,  258 ;  C.  J.  1877,  388).  The  cinnamic 
acid  employed  in  the  preparation  of  artificial 
indigo  was  at  first  manufactured  by  this  method; 
but  the  process  was  afterwards  improved  by 
Caro  (Ger.  Pat.  17,107,  and  18,232),  who  showed 
that  cinnamic  acid  could  bo  prepared  by  heating 
benzal  chloride  with  dry  sodium  acetate,  thus 
avoiding  the  use  of  the  expensive  acetic  tnliy- 
dride :        C  H,.CHCl..-l-2CH,.C0JS-a 

=  C^H..CH:CH.CO.iI  +  2NaCl  +  C.,H,0.„ 
I  part  benzal  chloride,  and  from  2  to  3  parts 
of  finely  powdered,  fused  sodium  acetate  (for 
!  which  potassium  acetate,  or  a  mixture  of  the 
potassium  and  sodium  salts  may  be  substituted) 
are  heated  at  180-200"  for  from  10  to  20  hours 
in  an  autoclave  furnished  with  a  mechanical 
stirrer.  The  melt  is  mixed  with  water,  rendered 
alkaline  with  caustic  soda,  and  steam- distilled 
to  remove  volatile  oils,  after  which  the  solution 
in  the  retort  is  filtered  hot,  and  the  cinnamic 
acid  is  precipitated  with  hydrochloric  acid, 
filtered  olT  after  allowing  the  solution  to  cool, 
pressed,  and  finally  purified  by  recrystallisation 
from  boiling  water  or  alcohol.  A  method 
patented  by  the  Farbwerke  vorm.  Meister,  Lucius 
and  Briining  (Ger.  Pat.  18,001)  in  which  lead 
acetate  is  substituted  for  sodium  acetate  offers 
no  advantages  over  the  foregoing. 

It  may  also  be  prepared  from  benzylidenc- 
acctone  G  H..CH:CH.CO.CHj,  which  is' readily 
obtained  by  the  condensation  of  benzaldehyde 
with  acetone  under  the  inlUience  of  dilute 
j  caustic  soda  (Claisen,  B.  11,  2171).  When  this 
I  compound  is  oxidised  by  warming  it  with 
sodium  hypolnomitc,  it  is  converted  into  cin- 
namic acid  (Farbwerke  vorm.  Meister,  Lucius 
and  Briining,  Ger.  Pat.  21,102). 

By  employing  substituted  benzaldehydcs, 
benzal  chlorides,  or  benzylidene  acotones  in  the 
foregoing  reactions,  substituted  cinnamic  acids 
may  be  obtained. 

Cinnamic  acid  may  be  extracted  from  storas 
by  boiling  in  a  retort  1-5  kilos,  of  storax  with 
2" lit.  of  caustic  soda  of  21  15.  until  no  more  oily 
drops  distil  over  with  the  steam.  In  this  pro- 
cess the  styracin  is  hydrolysed,  forming  sodium 
cinnamate  and  cinnamyl  alcohol,  the  latter 
being  volatile  with  the  steam.  The  aqueous 
liquid  in  the  retort  is  separated  and  the  residue 
repeatedly  extracted  with  boiling  water,  after 
which  the  cinnamic  acid  is  precipitated  from 
the  united  aqueous  solutions  by  liydrochloric 
acid  and  purilied  by  recrystallisation  (Beilstein 
and  Kuhlbcrg,  A.  103,  123).  Precipitated  cin- 
namic acid  may  be  readily  freed  from  adhering 
resin  by  recrystallising  it  from  hot  light  petro- 
leum. 

Properties  and  Reactions.— ^orms  slender 
needles  or  largo  transparent  prisms  melting  at 
133°.  Boils  at  300''  (cor.).  If  rapidly  distilled 
it  scarcely  sulTers  any  decomposition,  but  by 
slow  healing  it  is  broken  up  into  styrolene 
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C,H.,.CII:CH.,  ami  carbon  dioxide.  Sparingly 
soluble  in  cold,  more  readily  in  boiling  water; 
easily  soluble  in  alcohol.  Forms  crystalline 
salts  closely  resembling  those  of  benzoic  acid. 
Oxidising  agents  convert  it  first  into  benzaldehyde 
(distinction  from  benzoic  acid)  and  afterwards 
into  benzoic  acid.  When  taken  internally  it  is 
oxidised  to  benzoic  acid  and  reappears  in  the 
urine  as  hippuric  acid.  By  fusion  with  caustic 
potash  it  yields  a  mixture  of  benzoate  and 
acetate.  Unites  with  nascent  hydrogen  to 
form  hydrocinnamic  (^-plienylpropionic)  acid, 
with  bromine  to  form  a  dibromide,  and  with  the 
hydracids  to  form  ;8-halogen-hydrocinnamio 
acids  —thus  chlor-liydrocinnamic  acid 
C„H,.CHCl.CfI,,.CO,H. 

Substituted  cinnamic  acids.  Of  the  substi- 
tution derivatives  of  cinnamic  acid  the  only  one 
of  industrial  importance  is  orthonitrocinnumic 
acid,  which  is  prepared  in  the  manufacture  of 
orthonitrophenylpropiolio  acid  {v.  Indigo,  arti- 
ficial). On  a  large  scale  cinnamic  acid  is  first 
converted  by  heating  with  alcohol  and  concen- 
trated sulphuric  acid  into  ethyl  ciniiamate. 
The  latter  substance,  which  being  a  licjuid  is 
more  easily  manipulated  in  the  nitration  jjrocess 
than  the  solid  cinnamic  acid,  is  run  in  a  thin 
stream  into  the  calculated  quantity  of  cold 
nitrosulphuric  acid.  The  mixture  of  ortho-  and 
para-nitrocinnamic  ethers  thus  formed  is  dis- 
solved in  warm  alcohol.  On  cooling,  the  para- 
compound  crystallises  out,  whilst  the  ortlio-com- 
]jound  remains  in  solution.  The  two  ethyl  salts 
are  hydrolysed  by  heating  with  sulphuric  acid. 
In  this  process  the  two  isomerides  are  formed  in 
approximately  equal  quantity. 

Orihonitrocinnamic  acid 

C,H,(NO,,).CH:CH.CO,H 
is  insoluble  in  water,  sparingly  soluble  in  cold, 
moie  readily  soluble  in  boiling  alcohol,  from 
which  it  is  deposited  in  crystals  melting  at  240'^ 

The  liara-  compoitnd  melts  at  2.S5-28(i°  and 
is  very  sparingly  soluble  even  in  boiling  alcohol. 
It  cannot  be  used  in  the  preparation  of  artificial 
indigo,  and  the  attempt  nuide  to  utilise  it  in 
the  rosaniline  manufacture  has  not  proved 
industrially  successful.  F.  II.  J. 

CINNAMON.  Tlie  inner  liark  of  shoots  of  the 
CinnamomuDi  zei/laniciim,  nat.  ord.  Luuracca', 
or  true  laurels.  According  to  I'ereival  it  is  im- 
ported principally  from  Ceylon ;  but  in  part 
also  from  Madras,  Tellicherry,  and,  rarely,  from 
Java.  The  bark-peelers  select  such  branches  as 
are  three  years  old,  and  not  more  than  two  or 
three  inches  in  diameter  nor  less  than  half  an 
inch.  The  bark  in  drying  rolls  up  into  quills, 
many  layers  being  inclosed  in  one  quill.  It  is 
used  as  a  condiment  and  yields  a  highly  per- 
fumed essential  oil,  q.  v.,  employed  in  the  pre- 
]iaration  of  chocolate  and  for  purposes  of  per- 
fumery. Both  the  bark  itself  in  its  powdered 
state  and  the  oil  derived  from  it  are  frequently 
adulterated  by  cassia,  v.  Cassia. 

CINNAMON  BBOV/N  or  BISMAKCK 
BROWN  V.  Azo-  cor.oiiiiiNCi  .irATTiciis. 

CINNAMON,  OIL  OF,  v.  Oils,  essential. 

CITRIC  ACID  CJl.O-.  OccJ/Dx'jicc— This 
acid  commonly  occurs  in  the  juice  of  many 
fruits,  and  in  the  sap  of  many  plants. 

Synthesis. — The  acid  has  been  prepared 
artilicially  by  Grimaux  and  Adam  (C.  J.  oS,  601). 


ACED.  5G3 

A  saturated  solution  cf  dichloracetonic  acid  was 
neutralised  with  sodium  carbonate,  and  heated 
with  two  molecules  of  potassium  cyanide.  The 
resulting  solution  of  dicyanoacetates  was  satu- 
rated with  hydrochloric  acid  gas  and  heated  in 
a  water  bath  for  1.5  hours,  the  citric  acid  was 
then  separated  as  calcium  citrate  by  neutralisa- 
tion with  milk  of  lime. 

Properties. — The  crystallised  acid  of  com- 
merce has  the  formula  C^H,0,H^O.  The  crystals 
are  large  prisms  belonging  to  the  trimetric 
.system.  Their  sp.gr.  according  to  Buignet  is 
1'55.3.  They  deliquesce  in  damp  air,  and  in 
perfectly  dry  air  slowly  lose  the  whole  of  their 
water.  Different  crystals  (probably  differently 
1  luepared)  may  lose  water  at  very  difl'erent  rates 
(Warington,  C.  J.  28,028;  Grosjean,  iS,  331). 
According  to  Marchand  (.1.  pr.  23,  00)  crystals 
obtained  from  a  saturated  boiling  solution  have 
the  formula  2(C|,H„0;)H.jO.  According  to  a  later 
investigation  by  Sarandinaki  (B.  5,  1100)  the 
crystals  from  a  solution  long  boiled  are  anhy- 
drous. Citric  acid  is  optically  inactive.  The 
ordinary  crystallised  acid  dissolves  in  about  half 
its  weight  of  boiling  water.  Aqueous  solutions 
of  various  strengths  have,  according  to  Gerlach 
(F.  ISG'J,  295),  the  following  sp.gr.  at  15°  : 


Acid  ii.c. 

Sp.gi-. 

Acid  p.c. 

S|i.gi-. 

1 

1-0037 

34 

1-1422 

2 

1-0074 

35 

1-1407 

3 

1-OUl 

3<; 

1-1515 

-1 

1-0149 

37 

1-1504 

5 

101S(j 

3S 

1-1012 

(5 

1-02-27 

30 

1-1001 

7 

l-(i2(ls 

40 

1-1709 

8 

103(i;i 

41 

1-175() 

1) 

1-0350 

42 

1-1S14 

10 

1-0392 

43 

1-1851 

11 

1-0431 

44 

1-1899 

12 

1-0470 

45 

1-1947 

13 

l-050!t 

41) 

1-1998 

14 

1-0549 

47 

1-2050 

15 

1-0588 

48 

1-2103 

l(i 

1-0C.32 

49 

1-2153 

17 

l-0('>75 

50 

1-2204: 

18 

1-0718 

51 

1-2257 

1'.) 

1-0702 

52 

1-2307 

20 

l-08i)5 

53 

1-2359 

21 

1-0848 

54 

1-2410 

22 

1-0.SH9 

55 

1-2402 

23 

1-0930 

50 

1-2514: 

24 

1-0972 

57 

1-2572 

25 

1-1014 

58 

1-2027 

2(i 

i-ior,o 

59 

1-20H3 

27 

1-110(5 

GO 

1-2738 

28 

1-1152 

(;i 

1-2794 

21) 

1-1198 

02 

1-2849 

30 

1-1244 

03 

1-21104 

31 

l-12.Srf 

04 

1-2900 

32 

1-1333 

05 

1-3015 

33 

1-1378 

00 

1-3071 

A  25  p.c.  solution  boils  at  101  °-8,  a  60  p.c. 
solution  at  105- -8  (Gerlach,  J.  1859,  48). 

At  15°  the  solubility  of  the  crystallised  acid 
in  alcohol  is  as  follows: 

100  of  80  p.c.  alcohol  dissolve  87- 
„       1)0    „       ,,  ,,  52-85 

„      ILO   „       „  „  75-90 

o  0  2- 
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100  parts  of  anhydrous  ether  dissolve  9'1  of  the 
crystallised  acid. 

Djconqwsilions.  -  When  heated  to  175°,  acet- 
one and  cai'bonic  oxide  are  evolved,  the  residue 
is  aconitic  acid,  C„H^O^;  the  same  acid  is  formed 
in  small  quantity  when  a  solution  of  citric  acid 
is  long  boiled  (Dessaignes).  When  heat  is  con- 
tinued beyond  175  an  oily  distillate  appears, 
which  yields  crystals  of  itaconic  acid  C^H^O,. 
By  further  heating,  itaconic  acid  is  transformed 
into  an  uncrystallisablc  oil,  citraconic  acid, 
C;,H,0.,.  Heated  with  suljjhuric  acid,  carbonic 
oxide  and  acetone  are  given  olT,  and  an  acid  is 
formed  not  precipitated  by  baryta. 

Solutions  of  citric  acid  are  rapidly  destroyed 
by  fungi.  According  to  F.  Watls  (C.  I.  J.  188G, 
215)  the  action  of  Saccharomijccs  mycodcrma  on 
lime  juice  is  to  convert  the  citric  acid  into  car- 
bonic acid  and  water.  According  to  I.  Macaguo 
(G.  11,  4-13)  an  alcoholic  fermentation  in  lemon  | 
juice  does  not  affect  the  citric  acid,  but  under  | 
the  influence  of  bacteria  the  citric  acid  dis- 
appears, and  acetic  and  propionic  acids  are 
formed. 

Raits. — Citric  acid  is  tribasic,  and  forms  in 
consefjuencc  three  classes  of  salts.  The  salts 
with  the  alkali  metals  are  readily  soluble  in 
water ;  the  neutral  salts  of  the  alkaline  earths 
are  only  sparingly  soluble. 

Calcium  citrate  Ca,(C5H.O,)„2H.O  does  not 
lose  water  at  100°.  When  precipitated  in  a 
crystalline  state  its  solubility  in  water  is  1  in 
1180  at  11°,  and  1  in  1730  at  !)0°-100°.  When 
thrown  down  in  an  amorphous  condition  the 
solubility  is  greater,  1  in  707  at  18°,  and  1  in 
1123  at  100°  (C.  J.  28,  <)39). 

When  a  solution  of  citric  acid  contains  a 
ferrous,  ferric,  or  aluminic  salt,  in  not  too  great 
proportion,  it  may  be  made  strongly  alkaline 
witli  potash  or  soda  without  producing  a  preci- 
pitate. Such  a  solution  may  also  bo  boiled  with 
chalk  without  precipitating  iron  or  aluminium, 
although  a  large  jsait  of  the  citric  acid  falls  as 
calcium  citrate.  (With  tartaric  acid  in  the  place 
of  citric,  iron  is  to  a  small  extent  precipitated 
by  chalk  in  the  cold,  and  entirely  on  boiling.) 
If,  however,  tlie  ferric  salt  bears  a  large  pi'opor- 
tion  to  the  citric  acid,  the  whole  is  precipitated  by 
chalk,  oven  in  the  cold  (C.  J.  28,  !)1)0). 

Detection. — Citric  acid  is  best  recognised 
when  in  a  pure  state  by  its  yielding  on  heating 
an  oily  sublimate,  which  afterwards  crystallises 
(itaconic  acid).  A  solution  of  citric  acid,  neu- 
tralised with  ammonia,  gives  no  precipitate  in 
the  cold  with  calcium  chloride,  except  after  long 
standing  ;  but  on  boiling,  calcium  citrale  is  pre- 
cipitated. Calcium  citrate,  pr('cipital(>d  in  the 
cold,  is  freely  soluble  in  solution  of  ammonium 
chloride,  and  is  precipitated  therefrom  on 
boiling.  Alkali  citrates  do  not  reduce  silver 
salts  on  boiling  as  tartrates  do,  or  only  to  a 
trilling  extent. 

Kiinunerer  (Fr.  8,  298)  recommends  the 
dctoction  of  citric  acid  by  the  fornuition  of  a 
crystalline  barium  salt.  To  the  free  acid,  or 
to  the  alkali  salt,  excess  of  barium  acetate  is 
added,  and  the  whole  heated  on  a  water  bath  for 
several  hours ;  the  barium  citrate, 
]5a,(C,H,0,.),7H,0, 
will  then  be  found  in  microscopic  monoclinic 
prisms. 


Tlie  tests  for  adulteration  will  be  given  at 
the  close  of  this  article. 

Eslimation.  —When  the  quantity  of  citric 
acid  in  a  solution  is  determined  by  alkalimetry, 
phenolphthalein  should  be  used  as  the  indicator ; 
in  coloured  solutions  red-brown  turmeric  paper 
(Thomson,  C.  I.  J.  1887,  195)  has  been  recom- 
mended. If  neutral  litmus  paper  is  used,  the 
alkali  must  be  standardised  with  citric  acid. 
The  quantitative  determination  of  citric  acid  by 
precipitation  as  calcium  citrate  will  be  described 
under  the  analysis  of  lemon  juice. 

Eaw  Mateiual. 

Citric  acid  is  prepared  from  the  fruit  juice  of 
three  species  of  Citrus— \.\\c  lemon,  bergamot, 
and  lime ;  the  first  of  these  is  the  princii)al 
source  of  citric  acid.  Concentrated  lemon  juice 
is  chielly  imported  from  Sicily;  a  very  little 
comes  from  Naples  or  Sorrento.  Concentrated 
bergamot  juice  is  prepared  in  Calabria,  and  ex- 
ported from  Messina.  Concentrated  lime  juice 
is  imported  in  small  quantity  from  Montserrat 
and  Dominica.  The  lemon  juice  from  Sicily  is 
prepared  by  jiressing  the  inferior  fruit,  from 
which  the  rind  has  previously  been  removed, 
for  the  manufacture  of  essence.  The  so-called 
'  single  '  juice  is  then  boiled  down  till  its  sp.gr. 
equals  60°  on  the  citrometer  (sp.gr.  1'24);  it 
then  forms  a  dark  brown,  rather  syrupy  liquid. 

The  total  quantity  of  concentrated  Sicilian 
and  Italian  juice  imported  to  England  in  1887 
was  equivalent  to  rather  more  than  3.100  pipes 
of  108  gallons;  the  amount  used  for  the  manu- 
facture of  citric  acid  was  i)robably  equivalent  to 
3,200  pipes.  Of  lime  juice,  about  2,000  pun- 
cheons of  110  gallons  were  imported  in  an  un- 
conccntrated  condition,  and  used  for  the  pre- 
paration of  beverages.  About  200  pipes  of 
concentrated  lime  juice  were  imported,  and  em- 
ployed for  the  manufacture  of  citric  acid. 

Lemon  juice  has  its  g.catest  acidity  early 
in  the  season  (November).  The  juice  of  the  fine 
fruit,  exported  as  lemons,  has  a  sp.gr.  1-03- 
1-Cl ;  it  contains  free  acid  equal  to  11-13  oz. 
of  citric  acid  per  gallon.  The  inferior  fruit 
pressed  in  Sicily  yields  a  juice  containing  at  the 
beginning  of  the  season  about  9  oz.  of  free 
acid  per  gallon,  and  at  the  end  of  the  season  a 
good  deal  less. 

There  are  other  differences  between  the  juics 
of  fine  lemons  pressed  in  England,  and  the 
Sicilian  juice  employed  for  the  manufacture  of 
citric  acid.  The  former  contains  very  little 
combined  organic  acid,  only  about  2-5  p.c.  of 
the  total  organic  acid  (free  ptiis  combined) 
present.  In  unconcentratcd  Sicilian  juice  llie 
combined  acid  is  about  7  9  p.c.  of  the  total. 
Again,  the  English  pressed  juice  contains  hardly 
any  organic  acid  save  citric,  only  about  1  p.c.  of 
the  total  organic  acid  being  unprecipitable  as 
calcium  citrate.  In  Sicilian  juice  about  8  p.c. 
of  the  total  organic  acid  is  unprecipitable  as 
calcium  salt. 

The  concentrated  lemon  juice  from  Sicily 
is  reckoned  of  standard  quality  when  its  sp.gr. 
is  1-2-1,  and  its  acidity  is  equal  to  61  oz.  per 
gallon  of  nominal  citric  acid.  In  dealiug  with 
trade  analyses  it  must,  however,  be  borne  in 
mind  that  the  'crystallised  citric  acid'  of  a 
trade  ccrtilicatc  is  not  the  crystallised  acid  of 
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commerce,  but  an  acid  containing  only  half  the 
actaal  amount  of  water,  an  acid  in  fact  having 
the  atomic  weight  201  instead  of  210 

(C„H„0,,H,0). 
No  reason  can  be  given  for  this  practice,  which 
should  certainly  be  abolished.  In  the  present 
article  all  ijuantitics  of  citric  acid  will  be  ex- 
pressed in  terms  of  the  common  crystallised 
acid. 

The  concentrated  lemon  juice  from  Sicily 
contains  pirctty  uniformly  7-8  oz.  per  gallon 
of  combined  organic  acid,  ecjual  to  about  10  p.c. 
of  the  total  organic  acid  (reckoned  as  citric)  pre- 
sent. Of  the  total  organic  acid  about  10  p.c.  is 
not  precipitable  as  calcium  salt,  and  is  therefore  i 
not  citric  acid ;  this  proportion  is,  however,  by 
no  means  constant.  Purchases  of  lemon  juice 
are  unfortunately  still  made  on  the  basis  of 
acidity,  and  not  on  the  amount  of  precipitable 
acid  present.  Analyses  of  895  pipes  of  concen- 
trated lemon  juice  by  Mr.  (irosjean  have  been 
published  (C.  J.  43,  333).  The  average  propor- 
tion of  precipitable  acid  was  99-2  p.c.  of  the  free 
acid,  l)ut  the  range  of  variation  was  considerable, 
individual  parcels  of  juice  giving  81-1,  85'8,  and 
lO'j-G  of  precipitable  acid  p.c.  of  free. 

Concentrated  B  er  gamo  t  j  u  ice  has  a  similar 
sp.gr.  to  lemon  juice,  but  a  lower  acidity;  it 
generally  contains  free  acid  e(2ual  to  about  51 
oz.  of  citric  acid  per  gallon.  The  quantity 
of  combined  organic  acid  is  apparently  similar 
to  that  in  lemon  juice,  namely  7  8  oz.  per 
gallon  ;  but  the  proportion  of  combined  to  total 
is  higher,  12-13  p.c.  The  proportion  of  unpre- 
cipitable  acid  is  about  13  p.c.  of  the  total.  Mr. 
Grosjean's  analyses  of  90  pipes  of  bergamot 
juice,  show  a  mean  of  98'4  of  precipitable  acid 
for  100  of  acidity,  the  extremes  being  95-4  and 
101-4. 

The  unconcentrated  Lime  juice  of  Mont- 
serrat  has  a  mean  sp.gr.  of  l-03(j ;  it  contains 
according  to  Conroy  (Pli.  J.  1883,  G06)  an  average 
of  7'84  p.c,  or  12-54  oz.  per  gallon  of  free 
acid.  The  extremes  observed  were  6-70-10-05 
p.c,  equal  to  10-7-1(5-1  oz.  per  gallon.  The 
juice  yields  0-43  p.c.  of  ash.  It  contains  only  a 
trace  of  sugar.  Warington  found  the  combined 
acid  in  two  samples  5  p.c.  of  the  total ;  10  p.c. 
of  the  total  acid  was  not  precipitable. 

Concentrated  lime  juice  is  a  viscid  liquid, 
sp.gr.  1-32,  and  with  an  acidity  averaging  about 
94  oz.  of  citric  acid  per  gallon.  The  com- 
bined acid  is  about  8-9  oz.  per  gallon.  Tiie 
unprecipitablc  aoid  is  about  10-14  p.c.  of  the 
total.  The  precipitable  acid  bears  a  lower  jiro- 
portion  to  the  free  than  is  the  case  with  either 
lemon  or  bergamot  juice,  the  publislied  analyses 
showing  a  mean  of  93-8  of  precipitable  acid  tor 
100  of  free. 

The  nature  of  the  organic  acids,  other  than 
citric,  present  in  lemon,  bergamot,  and  lime 
juice  has  not  been  determined.  A  little  formic 
acid  and  acetic  acid  have  been  detected  in  con- 
centrated juice,  but  the  principal  acids  other 
than  citric  are  clearly  non-volatile  and  have 
soluble  calcium  salts.  The  acids  most  probably 
present  are  malic  and  aconitic. 

Besides  lemon  juice,  some  crude  Calcium 
citrate,  prepared  in  Sicily  by  precipitating 
lemon  juice  with  chalk,  is  exported  into  England. 
It  contains  about  04  p.c.  of  citric  acid. 


Methods  of  Anata'sing  Juice  and  Citr.ate. 

1.  Acidity.  The  commercial  analysis  o£ 
juice  is  confined  to  the  determination  of  acidity. 
It  is  most  important  that  the  alkah  (sodium 
hydrate)  used  should  be  actually  standardised  with 
citric  acid,  and  the  same  indicator  employed 
in  standardising  as  in  subsequent  analyses. 
Powdered  crystals  of  citric  acid  are  taken,  water 
carefully  determined  in  one  portion,  while 
another  is  used  for  standardising  the  alkali.  .  In 
determining  water,  the  powdered  acid  should  be 
heated  for  some  hours  at  about  60°  before  ex- 
posing it  to  100°;  if  this  is  not  done  the  acid 
will  melt,  and  lose  the  rest  of  its  water  with 
great  dil'liculty.  Warington  recommended  deli- 
cate litmus  paper  for  determining  the  neutral 
point.  F.  Watts  has  since  employed  films  of  tur- 
meric tincture  on  a  white  tile  (C.  I.  J.  1886,  214). 
Thomson  recommends  red-brown  turmeric  paper. 

2.  Combined  organic  acids.  The  juice  is 
neutralised  with  a  known  quantity  of  stan- 
dard alkali,  evaporated  to  dryness  in  a  platinum 
basin,  the  residuegen  tly  ignited,  the  black  ash 
treated  with  a  known  quantity  (excess)  of  stan- 
dard sulphuric  acid,  the  whole  boiled  and  filtered. 
The  amount  of  unneutralised  acid  is  then  deter- 
mined with  alkali.  We  have  now  the  neutral- 
ising power  of  the  ash  in  terms  of  alkali ;  by 
subtracting  the  alkali  added  when  neutralising 
the  juice  we  obtain  the  amount  of  alkali  cor- 
responding to  the  bases  of  the  organic  salts 
which  became  carbonates  on  ignition.  From 
the  amount  of  these  bases  their  equivalent  in 
combined  citric  acid  can  be  calculated. 

3.  Precipitable  citric  acid.  This  is  for  the 
manufacturer  the  only  trustworthy  method  of 
analysis,  but  is  in  fact  seldom  adopted.  War- 
ington proceeds  as  follows  :  — 15-20  cc.  of  un- 
concentrated juice,  or  about  3  cc.  of  concen- 
trated juice,  are  exactly  neutralised  with  sodium 
hydrate,  the  solution  (about  50  cc)  is  brought 
to  boiling  in  a  salt  bath,  and  a  measured  quan- 
tity of  calcium  chloride  solution  known  to  be 
rather  more  than  sufficient  for  all  the  organic 
acids  present  added.  After  boiling  for  half  an 
hour  the  preci])itate  is  collected  on  a  small  filter, 
and  washed  with  hot  water.  The  filtrate  and 
washings  are  then  concentrated  to  10  cc.  and 
the  solution  finally  neutralised  with  a  drop  of  am- 
monia. The  second  precipitate  is  collected  on  a 
very  small  filter,  the  filtrate  being  used  for  getting 
the  precipitate  on  to  the  joaper,  which  is  finally 
washed  about  five  times  with  a  little  hot  water. 
The  precipitates  in  their  papers  are  then  burnt 
at  a  low  heat  in  a  platinum  basin,  and  the  neu- 
tralising newer  of  the  ash  determined  with  stan- 
dard hydrochloric  acid  and  alkali.  The  amount 
of  citric  acid  which  the  base  is  equivalent  to 
can  then  be  calculated,  three  molecules  of  base 
being  reckoned  as  equivalent  to  one  molecule  of 
citric  acid. 

4.  Aiiali/sis  of  calcium  citrate.  The  excess 
of  chalk  present  is  first  determined  by  boiling 
aliout  4  grams  with  dilute  standard  hydrochloric 
acid  inacovered  beaker,and  then  adding  standard 
alkali  till  feebly  alkaline.  Two  grams  of  the 
citrate  are  then  gently  ignited  in  a  covered  pla- 
tinum crucible,  and  the  neutralising  power  (  f  the 
ash  determined  by  solution  in  standard  hydro- 
chloric aoid,  and  titration  with  alkali.    By  de- 
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ducting  from  the  neutralising  power  of  the  ash  | 
thiit  due  to  the  chalk  previously  determined,  we 
lind  the  amount  of  base  which  has  to  be  calcu- 
hited  as  citrate.     This   method  presupposes 
tliat  citrates  are  the  only  organic  salts  present. 
If  it  is  preferred,  the  citrate  may  be  dissolved 
in  hydrochloric  acid,  the  solution  boiled,  neu- 
tralised with  soda,  the  calcium  citrate  precipi-  ' 
tated  by  boiling  in  the  salt-bath,  and  its  quantity  j 
determined  as  in  the  case  of  juice.  | 

The  information  here  given  respecting  juice, 
calcium  citrate,  and  the  methods  of  their  ana- 
lysis, will  be  found  in  greater  detail  in  C.  J. 
28,  925  ;  43,  331. 

Process  of  MAXUFACTunE. 

The  manufacture  of  citric  acid  from  concen- 
trated lemon  juice  is  extremely  simple.  A  proper 
quantity  of  whiting  (levigated  chalk)  is  mixed 
with  water,  and  heated  by  steam  in  a  wooden  vat 
provided  with  a  revolving  agitator  ;  the  concen- 
trated juice  is  then  slowly  pumped  in,  care  being 
of  course  taken  that  the  whiting  is  finally  in 
small  excess.  The  liquor  never  becomes  neutral, 
however  long  boiling  may  be  continued,  or  how- 
ever great  is  the  excess  of  whiting  present ;  the 
adjustment  of  juice  and  whiting  is  therefore 
♦effected  by  ascertaining  if  the  liquor  effervesces  I 
with  more  whiting,  or  the  precipitate  effervesces 
■with  more  juice.    The  amount  of  unneutralised 
acid  is  about  l-2j  p.c.  of  the  original  acidity  of  i 
the  juice.   Pure  citric  acid  is  readily  neutralised 
by  whiting,  malic  and  aconitic  acid  are  not ;  the  i 
final  acidity  is  thus  possibly  due  to  the  presence 
cf  these  acids.     Citric  acid,  however,  is  not 
neutralised  by  chalk  if  phosphates,  and  espe-  i 
cially  ferric  phosphates,  be  present ;  this  fact  | 
will  also  explain  the  result.    It  is  not  advisable  i 
to  neutralise  completely  by  the  use  of  lime,  as  i 
vegetable  impurities  are  then  thrown  down  which 
are  afterwards  dilHcult  to  separate. 

The  precipitated  calcium  citrate  is  washed  | 
with  hot  water  on  a  filter.    It  is  next  brought 
by  the  addition  of  water  to  the  state  of  thin  i 
cream,  and  decomposed,  with  constant  agitation,  j 
by  the  addition  of  a  small  excess  of  sulphuric 
acid  (sp.gr.  1'7).    The  occurrence  of  an  excess 
of  sulphuric  acid  is  known  by  the  liquor  afford- 
ing a  precipitate  with  a  strong  solution  of  calcium 
chloride  after  some  minutes'  standing. 

The  citric  acid  liquor  is  then  separated  from 
the  gypsum,  which  is  washed  on  a  lilter.  The 
liquor  is  evaporated  in  shallow  leaden  baths  by 
steam  heat.  Much  gypsum  is  at  first  deposited, 
from  this  the  clear  liquor  is  run  off  and  further 
concentrated.  When  strong  enough  to  crystal- 
lise, the  hot  liquor  is  run  into  a  wooden  tub 
provided  with  an  agitator,  and  the  liquor  is  kept 
in  constant  motion  while  cooling  ;  by  this  pro- 
cess, known  as  '  granulation,'  the  citric  acid  is 
obtained  as  a  crystalline  powder.  The  mother 
liquor  is  again  concentrated,  and  'salt'  again 
obtained  by  granulation.  The  process  may  be 
ropoatod  a  third  time.  The  liquor  is  then  too 
dark  and  inii>ure  for  further  crystallisation,  and 
is  known  as  '  old  li(iuor.'  The  granulated  citric 
acid  when  drained,  and  if  necessary  slightly 
washed,  is  redissolvcd,  decolourised  by  heating 
with  animal  charcoal  (previously  freed  from 
phosphates  by  hydrochloric  acid),  again  concen- 
trated to  tlie  crystallising  point,  and  poured  into 


leaden  trays  about  3  inches  deep ;  the  crystals 
here  formed  are  the  citric  acid  of  commerce. 
Citric  acid  thus  prepared  always  contains  a  trace 
of  lead. 

The  'old  liquor'  is  diluted  with  water,  and 
the  citric  acid  it  contains  precipitated  with  an 
excess  of  whiting,  exactly  as  in  the  case  of  the 
original  juice.  The  liquor  is  never  neutralised 
by  the  whiting ;  this  may  be  either  due  to 
aconitic  acid  formed  during  the  heating  of  the 
citric  acid  liquors,  or  to  the  presence  of  ferric 
or  aluminic  phosphate  derived  from  the  whiting. 

Any  considerable  excess  of  suli^huric  acid  in 
the  liquors,  or  any  overheating,  must  be  avoided, 
as  occasioning  decomposition  of  citric  acid. 
The  presence  of  iron  or  aluminium  in  the  whiting 
also  occasions  loss,  as  citric  acid  holding  iron  or 
aluminium  in  solution  is  not  precipitated  by 
calcium  carbonate.  In  consequence  of  the  non- 
precipitation  of  iron  or  aluminium  fi-om  citric 
solutions  by  whiting,  the  citric  liquors  of  the 
factory  remain  nearly  pure,  however  long  the 
work  may  have  been  continued,  a  result  very 
different  from  what  happens  in  the  case  of  tar- 
taric acid ;  the  purity  of  citric  acid  liquors  is 
however  obtained  at  the  expense  of  some  loss 
of  citric  acid.  In  a  wel'.-i^onducted  factory  the 
total  loss  during  manufacture  will  amount  to 
1'2-1.5  p.c.  of  the  citric  acid  in  the  juice. 

The  total  quantity  of  citric  acid  made  in  the 
United  Kingdom  in  18.'^7  was  between  400  and 
500  tons,  of  which  about  half  was  exported. 
About  15  tons  were  imported  from  Sicily;  tiiis 
was  the  only  import.  The  acid  is  chiefly  used 
by  calico-printers  ;  it  is  also  employed  in  the 
preparation  of  effervescing  drinks  and  in  medi- 
cine. For  some  further  particulars  see  J.  See. 
Arts,  187(>,  3(i(). 

Adulteration.— Citric  acid  is  at  times  adul- 
terated with  tartaric  acid.  To  detect  ■  adultera- 
tion Cailletct  (C.  J.  3G,  674)  adds  1  gram  of  the 
powdered  acid  to  10  c.c.  of  a  cold  saturated 
solution  of  potassium  dichromate.  If  the  solu- 
tion remains  unchanged  in  colour  for  ten  minutes 
tartaric  acid  is  absent.  If  tartaric  is  present 
the  solution  becomes  brown.  Pusch  (C.  I.  J. 
1885,  552)  places  1  gram  of  the  acid  in  a  test- 
tube  with  10  grams  of  pure  oil  of  vitriol.  The 
test-tube  is  placed  in  a  water  bath,  and  kept  at 
100°  for  one  hour.  If  citric  acid  only  is  present 
the  colour  is  lemon  yellow.  If  tartaric  acid  is 
present  the  colour  becomes  brown.  Both  these 
tests  are  very  delicate,  and  readily  show  1  or  i 
p.c.  of  adulteration.  Tartaric  acid  may  also  be 
detected  by  adding  a  little  solution  of  potassium 
acetate  to  a  strong  solution  of  the  citric  acid, 
and  stirring. 

The  quantity  of  tartaric  acid  in  an  adul- 
terated sample  may  be  determined  by  adding  10 
p.c.  of  potassium  chloride  to  a  strong  solution 
of  the  acid,  and  precipitating  the  tartaric  acid 
with  citrate  or  acetate  of  potassium,  with  the 
precautions  described  under  estimation  of  tar- 
taric acid.  _  1{.  W. 

CITRON,  OIL  of!  r.  Oir,s,  essenti.u,. 

CITRONEILA  OIL  v.  Oils,  essential. 

CITRONINE  V.  Napiitiialenb  colourixo 
MATTi:i;s. 

CIVET.  An  odoriferous  substance  resembling 
musk  or  ambergris  obtained  from  the  pouches 
situated  between  the  anus  and  genital  organs 
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of  Vivcrra  civcita  of  N.  Africa,  Y.  Zibctha  of 
A-sia,  and  T'.  Itassc  of  Java.  Is  of  the  con- 
sistence of  honey,  and  of  a  yellowish  or  brown 
colour.  Contains  stearin,  olein,  mucus,  resin, 
volatile  oil,  and  yellow  colouring  matter  (J.  Ph. 
1824,  ,5H7). 

CLARET  G,  CLARET  RED,  v.  Azo-  colouring 

MATTEl;S. 

CLAUSTHALITE  v.  Selenium,  Occurrence; 
also  Lead. 

CLAY.  (Arrjille,  Pr. ;  TJwn,  Gcr.)  The  term 
clay  is  applied  to  certain  hydrated  silicates  of 
aluminium,  -  resulting,  for  the  most  part,  from 
the  decomposition  of  the  felsjiar  in  granite. 

Economically,  any  argillaceous  earth  which 
possesses  sutlicient  ductility  and  plasticity,  when 
intimately  mixed  with  water,  to  be  fashioned 
like  paste  or  worked  in  a  potter's  lathe,  is  called 
a  clay. 

Clays  are  generally  sedimentary  deposits, 
of  every  geological  age  from  the  Kecent  to  the 
Silurian  or  even  Cambrian,  and  are  of  every 
degree  of  hardness,  from  the  soft  drift  which 
may  be  dug  with  a  spade  to  those  of  the  older 
formations  which  require  to  be  blasted.  The 
plasticity  diminishes  as  the  geological  series  is 
descended.  Those  clays,  however,  which  are 
hard  and  rocky  when  first  wrought,  soon  disin- 
tegrate on  exposure  to  atmospheric  influences 
and  become  plastic  and  ductile.  Clay  usually 
emits  the  peculiar  odour  known  as  '  argillaceous  ' 
when  breathed  upon  or  moistened ;  this  is 
-especially  notic3able  in  the  impure  varieties. 

Plasticity  is  an  essential  quality  of  clays. 
When  powdered  they  are  readily  diffusible 
through  water,  forming  a  plastic  ductile  mass 
■which  may  be  moulded  into  any  required  shape, 
the  more  llnely  divided  varieties  possessing  this 
property  in  a  higher  degree.  At  100"'C.  clay  loses 
its  hygroscopic  moisture,  and  contracts  ;  the 
water  is,  however,  reabsorbed  on  moistening. 
No  chemically  combined  water  is  driven  off 
even  at  SOO^C.  At  a  red  heat,  however,  it  be- 
comes anhydrous  and  loses  its  plasticity,  becom- 
ing rigid,  porous,  and  incapable  of  taking  up 
water  except  mechanically.  Clays  seldom  occur 
in  a  state  of  purity,  usually  containing  mica, 
quartz,  undeconiposed  felspar,  sesquioxide  or 
protocarbonate  of  iron,  lime,  magnesia,  organic 
matter,  &c.  The  presence  of  much  carbonate 
of  lime  constitutes  a  marl.  The  colour  varies 
according  to  the  constituents,  from  white,  in 
the  pure  clays,  to  black,  red,  blue  or  purple,  the 
usual  colour  being  yellow  or  grey.  The  colour 
of  the  clay,  however,  is  no  criterion  of  the 
appearance  of  the  burnt  goods.  The  ultimate 
colour  depends  almost  entirely  upon  the  amount 
of  iron  present  and  the  heat  used  in  burning. 
Yellow  clays  contain  hydrated  sesquioxide  of 
iron ;  they  occur,  usually,  in  surface  deposits 
or  where  red  or  grey  clays  have  been  weathered. 
On  ignition  the  anhydrous  sesquioxide  of  iron 
is  formed,  with  the  production  of  a  red  colour. 
Eod  clays  and  marls  contain  the  anhydrous 
iron  sesquioxide  ;  the  red  Keuper  marls  contain 
about  .3  p.c,  and  the  clay  used  for  the  Beauvais 
pottery  contains  about  20  p.c.  of  that  oxide. 
Their  colour  is  merely  intensified  by  burn- 
ing. Grey  clays  which  contain  iron  pyi'ites  lose 
sulphur,  with  formation  of  the  sesquioxide, 
anil  become  rod  on  ignition  ;  those  containing 


ferrous  carbonate  evolve  carbon  monoxide,  pro- 
ducing the  sesquioxide,  and  also  become  red. 
When  containing  less  than  1^  p.c.  of  iron,  they 
produce  various  shades  of  cream  and  buff ;  with 
8  or  i  p.c.  and  upwards,  they  are  used  in  the 
manufacture  of  terra  cotta,  encaustic  tiles,  &o. 
The  presence  of  much  organic  matter,  unless 
the  baking  is  performed  with  free  access  of  air, 
reduces  the  colour  considerably  on  account  of 
its  reducing  action  on  the  ferric  oxide.  Car- 
bonate and  oxide  of  lime  and  magnesia  have 
a  corresponding  effect ;  in  fact,  ground  chalk 
is  frequently  added  to  clay  which  would  burn 
red,  for  the  production  of  yellow  bricks.  Igni- 
tion, so  long  as  the  iron  remains  in  the  form 
of  oxide,  serves  to  intensify  the  colour,  but  if 
sufficiently  high  to  induce  combination  between 
the  iron  and  silica,  the  colour  is  much  reduced. 
The  behaviour  of  clays  under  heat  depends 
on  the  amount  of  lime,  magnesia,  and  ferric 
oxide  present.  Clays  which  are  very  refractory 
become  more  fusible  when  mixed  with  small 
quantities  of  these  oxides.  The  presence  of 
excess  of  silica  decreases  the  fusibility. 

Clay  is  acted  upon  slowly  by  hydrochloric  or 
nitric  acids,  but  is  soluble  in  strong  sulphuric 
acid,  with  formation  of  aluminium  sulphate, 
especially  after  gentle  roasting.  After  strong 
ignition,  however,  it  becomes  insoluble.  Even 
after  ignition,  it  is  dissolved  by  hydrofluoric 
acid  with  formation  of  aluminium  fluoride, 
while  the  silicon  passes  off  as  silicon  fluoride. 

The  presence  of  clay  in  soils  exerts  an  im- 
portant action  on  the  growth  of  plants.  Am- 
monia is  retained  by  clay  in  such  a  manner  that 
it  cannot  be  removed  except  by  an  excessive 
amount  of  washing ;  in  fact,  clay  will  remove 
ammonia  and  many  organic  substances  from 
manure,  but  still  retains  them  in  a  form  readily 
available  for  plants. 

KaoUnite  ALO,2SiO.,,2H,0  is  the  essential 
constituent  of  all  clays.  It  is  found  in  Devon 
and  Cornwall,  in  Anglesea  and  in  the  United 
States  d'c,  massive  and  in  veins. 

When  pure  it  is  perfectly  white,  but  it  is 
frequently  grey,  yellow,  brown,  or  greenish. 
Under  the  microscope  it  is  seen  to  consist  of 
thin  translucent,  flexible,  inelastic,  six-sided 
scales,  isolated  or  aggregated  in  bundles.  It 
has  an  earthy  fracture  and  a  pearly  lustre,  and 
is  more  or  less  unctuous  andijlastic  according  to 
the  fineness  of  the  particles.  It  is  infusible  in 
the  porcelain  furnace. 

Kaolin,  China  clay,  iiorcclain  clay,  Cornish 
clay,  is  the  purest  variety  of  clay.  It  was 
formerly  obtained  from  a  mountain  in  China, 
known  as  Kau-Ling  (high  ridge),  whence  its 
name. 

It  results  from  the  decomposition  of  felspars 
containing  but  little  iron,  more  esi^ecially  from 
the  soda  felspars  in  granite. 

Kaolin  is  worked  in  Cornwall  and  Devon, 
near  St.  Austell,  on  Dartmoor,  at  Bovey  Tracey, 
at  Balleswiddcn  and  other  St.  Just  mines,  at 
St.  Yricix  near  Limoges,  &e.,  being  produced 
principally  by  the  weathering  of  pegmatite,  a 
variety  of  granite  containing  but  little  mica  and 
quartz. 

It  is  a  soft,  friable,  sectile,  white  mineral,- 
showing  the  hexagonal  crystals  of  kaolinite 
under  the  microscope,  is  somewhat  meagre  to 
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the  touch,  and  forms  a  paste  difficultly  with 
water.  When  heated  it  hardens,  but  does  not 
fuse  in  the  porcelain  furnace.  The  purest 
varieties  are  white,  but  it  has  frcijuontly  a  brown, 
yellow,  or  grey  colouring,  or  is  dark  from  the 
presence  of  carbonaceous  matter.  The  clay 
used  by  the  Chinese  is  exceptionally  pure. 

Masses  of  soft  granite  are  found  in  some 
instances  decomposed  to  a  depth  of  100  feet, 
available  for  the  workman,  but  the  finer  varieties 
are  those  which  have  been  washed  out  and 
separated  from  the  coarser  impurities  by  water. 

It  always  contains  quartz,  mica,  undccom- 
posed  felspar,  &c.  For  the  separation  of  these 
impurities  it  is  levigated  with  a  stream  of  water, 
and  the  liner  particles  of  kaolin  which  remain 
suspended  after  the  impurities  have  been  de- 
posited are  settled  in  'pits'  30  or  40  feet  in 
diameter  and  7  to  10  feet  deep.  When  these 
have  become  filled  with  the  clay  it  is  removed 
to  stone  tanks,  often  over  60  x  30  x  G  feet  in  size, 
and  settled  to  a  tenacious  cream.  It  is  thence 
removed  to  the  '  dry,'  where  it  is  spread  on 
23orous  tiles  in  a  layer  9  inches  thick  at  the  fire 
end  and  G  inches  at  the  stack  end,  and  dried 
before  being  worked  up. 

A  white  vitrifiable  variety  of  partially  de- 
composed granite  is  largely  used  by  the  porce- 
lain makers  under  the  names  porcelain  stone, 
China  stone,  and  Coi)iis]i  stone,  and  by  the 
Chinese  as  Petuntse.  The  uses  of  kaolin  aie 
various.  About  one-third  of  the  output  is  used 
in  the  manufacture  of  porcelain,  it  is  largely 
used  in  paper-making  and  for  filling  the  pores 
of  calico,  and  in  the  manufacture  of  alum,  alu- 
minium sulphate,  and  ultramarine. 

The  fine  mica  and  sand  separated  in  the 
levigation  of  the  kaolin  arc  also  used,  the  former 
for  weighting  coarse  papers,  paperboards,  &c., 
and  the  latter  with  Portland  cement  as  a  con- 
crete (y.  J.  H.  Collins,  J.  Soc.  Arts,  187G,  .565). 

The  following  analyses  show  the  composition 
of  washed  kaolin : 


Analyst 

Ebelmen  and  S:ilvetat 

Eichardson 

Locality 

Cliincse 

St.  Tricix 

CornisU 

Silica  . 
Aluminium  . 
Oxide  of  iron 
Lime  . 
Magnesia 
Potash  and  soda  . 
Water  . 

50-5 
33-7 
1-8 

0-  8 

1-  9 
11-2 

48-37 
34-95 

1-  2G 

trace 

2-  40 
12-62 

4G-32 
39-74 
0-27 
0-36 
0-44 

1 12-67 

999 

99-60 

99-80 

Pipe-claii  (jwtter's  clay)  is  a  soft  clay  used 
without  any  addition  in  the  manufacture  of 
tobacco  pipes.  It  is  nearly  free  from  iron,  lime, 
and  magnesia,  and  is  therefore  very  refractory. 
It  ililTers  from  kaolin  in  containing  somewhat 
more  silica.  The  following  analyses  by  Weston 
show  the  composition  of  that  worked  at  Poole 
in  Dorsetshire.  Silica  48-99,  alumina  32-11, 
potash  3-31,  lime  0-43,  magnesia  0-22,  ferrous 
oxide  2-34,  moisture  2  33,  combined  water  9-63: 
total  99-3(>. 

Fire-clays  are  extremely  refractoi-y .  clays. 
They  usually  underlie  beds  of  coal,  whence  their 


I  name,  '  underclay.'  They  are  dark  in  colour 
and  contain  roots  of  stigmaria?  &c.  The  beds 
vary  in  thickness  from  a  few  inches  to  several 
feet,  are  co-extensive  with  the  coal  seams,  and 
are  sometimes  worked  in  conjunction  with  them, 
forming  a  valuable  adjunct  to  a  colliery,  espe- 
cially when  worked  on  a  large  scale. 
I  The  following  analyses  show  the  composition 
i  of  tire-clay.  No.  1  is  of  Stourbridge  clay,  by  C. 
Tookcy  ;  No.  2  is  of  Eisenberg  clay,  goods  made 
of  which  were  unaltered  at  the  fusing  point  of 
platinum  ;  and  No.  3  is  from  the  same  locality, 
goods  made  of  it  swelling  at  that  temperature 
(C.  Bischof,  D.  P.  J.  2i;i,  33). 


1 

2 

3 

Silica  (combined)  . 

05-10 

511 

30-53 

„     (free)  . 

84.59 

34-19 

Alumina 

22-20 

5-40 

24-02 

Magnesia 

0-18 

0-09 

0-40 

Lime 

0-14 

0  20 

0-37 

Potash  . 

0-18 

0-Gl 

2-40 

Iron  oxide 

1-92 

0-21 

0-87 

Phosphoric  acid  . 

001) 

Water  (combined) . 

7-10 

„  (hygroscopic) 

2-lS 

Organic  matter 

0-58 

Loss  on  ignition  . 

3-74 

7-38 

99-60. 

99-95 

100-00 

Fire-clay  is  usually  greenish  grey  and  dense, 
breaking  into  rocky  masses  and  fragments.  At 
the  outcrop,  whore  it  has  become  weathered,  it 
acquires  a  yellow  colour  and  is  found  unsuitable 
for  the  best  qualities  of  tire  goods.  Only  those 
uiiderclays  which  are  very  free  from  lime, 
magnesia,  and  iron  are  suitable  for  tire  goods. 
The  process  of  mining  tire-clay  resembles  that 
of  coal.  Shafts  are  sunk  to  the  seam  and 
plant  is  erected  as  in  coal  mining,  but  on  a 
smaller  scale.  Headings  are  driven  out  and  a 
'  face  of  work '  is  opened  if  worked  on  the 
'  long  wall  '  principle,  or,  as  is  the  case  in  some 
districts,  it  is  worked  by  '  pillar  work.'  The 
raising  and  working  of  tire-clay  form  an  impor- 
tant industry  in  this  country. 

When  brought  to  the  surface,  it  is  laid  ia 
heaps  or  spread  in  layers  of  a  few  feet  in  thick- 
ness, and  allowed  to  weather  and  'ferment '  for  a 
few  mouths  before  use. 

The  clays  of  Stourbridge  are  the  most  re- 
fractory, but  good  fire-clays  arc  obtained  in 
Glasgow,  Northumberland,  Lancashire,  War- 
wickshire, South  Wales,  and  other  localities. 

Fire-clay  is  principally  used  in  the  manufac- 
ture of  tire-bricks,  gas  retorts,  crucibles,  glass- 
house pots,  saggars,  Ac,  and,  when  ground,  as 
a  furnace-lining.  Glazed  sanitary  pipes  are 
made  from  an  inferior  lire-clay,  and  receive  a 
salt-glaze  at  the  end  of  the  burning. 

Certain  silicious  fire-clays,  which  are  com- 
pai-atively  free  from  iron,  are  used  in  the  manu- 
facture of  a  common  culinary  ware,  the  treat- 
ment they  receive  being  similar  to  that  of  the 
finer  clays  employed  in  pottery. 
I  The  raw  material  is  brouglit  from  the  mino 
I  or  quarry,  spread  in  thin  layers  and  weathered 
for  several  months.  It  is  then  placed  in  tanks 
and  worked  with  paddles,  by  hand  or  machinery, 
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anrl  converted  into  a  pulp  or  '  slip.'  The  finer 
portion  is  then  pumped  into  flat  tanks  heated 
from  below,  and  the  water  evaporated  until  the 
slip  is  of  sufficient  consistency  to  be  cut  into 
slabs  and  conveyed  to  the  moulds  or  potter's 
latlie.  The  coarser  particles  remaining  in  the 
tank  bottom  are  rejected. 

Plastic  clay.  Tliis  term  is  applied  to  those 
beds  of  the  Lower  Tertiary  or  Eocene  strata 
which  occur  between  the  London  clay  and  the 
clialk.  They  may  be  recognised  at  Woolwich, 
Eeading,  Blackheath,  Bognor,  Isle  of  Wight,  in  j 
the  neighbourhood  of  Paris,  &c.  It  is  red,  | 
jnottled,  or  purple,  burning  to  a  red.  Some  of 
our  earliest  pottery  was  manufactured  from 
this  clay,  and  it  is  still  worked  in  Hampshire 
and  in  the  Isle  of  Wight. 

Slate  clay  occurs  in  Devon  and  Cornwall, 
differing  considerably  in  dili'crent  districts.  It 
is  massive,  interspersed  with  mica,  and  of  green 
or  greyish  colour.  In  one  form  it  occurs  hard, 
and  readily  tleavable  into  slabs  or  slates,  and 
is  used  for  roofing  &c. ;  in  anotlier  form,  tlie 
'  killas  '  of  the  Cornish  miner,  it  has  an  earthy 
fracture,  is  soft  and  frangible,  and  crumbles 
down  when  immersed  in  water  for  some  time. 
When  free  from  lime,  magnesia,  and  iron,  it  is 
ground,  reduced  to  a  paste,  and  made  into  fire- 
bricl;s. 

Chippings  from  the  slate  quarries  are  used 
in  making  a  strong  durable  brick.  They  are 
reduced  to  a  powder,  forced  into  the  icquired 
shape  by  a  powerful  xn'ess,  and  burnt  in  the 
ordinary  manner. 

Common  ctays  are  of  very  variable  composi- 
tion and  colour,  and  are  widely  distributed. 
They  occur  in  surface  deposits  as  drift  or 
boulder  clay,  or  stratified,  as  in  the  older  for- 
mations. 

Lrick-making  is  an  exceedingly  important 
industry.  In  Great  Britain  alone  the  annual 
production  is  estimated  at  thirty  millions. 

The  common  clays  of  the  eastern,  east  mid- 
land, and  some  of  the  southern  counties,  usually 
produce  light-coloured  bricks,  but  the  majority 
of  clays  burn  to  a  red. 

The  clay  used  should  be  free  from  stones, 
but  frequently  contains  a  considerable  amount 
of  sand,  sometimes  20  or  30  p.c.  It  is  usually 
Weathered,  and  well  ground  before  use. 

In  some  of  the  Midland  counties  vast  de- 
posits of  red  clays  and  marls  are  found,  from 
which  '  blue  bricks '  are  made.  These  clays 
contain  more  iron,  are  denser,  and  reipiire 
stronger  machinery  for  working  than  red-brick 
clays.  They  are  also  subjected  to  a  longer  and 
more  intense  firing.  The  brick,  after  being 
moulded,  receives  a  coating  of  mill  dust  before 
being  dried,  and  salt  is  thrown  upon  the  tires  at 
the  end  of  the  baking  to  produce  a  better  glaz.', 
and  to  render  the  brick  less  absorbent.  Blue 
bricks,  from  their  great  strength  and  imperish- 
ability, are  largely  used  in  engineering  w'ork. 
The  following  analysis  by  Hem-y  shows  the 
composition  of  a  clay  which  produced  good  red 
bricks  :  Silica  .50'4O,  alumina  and  iron  oxide 
24-00,  carbonate  of  lime  2-70,  carbonate  of 
magnesia  1'30,  water  &c.  21'G0. 

Chemical  analysis  of  clay. — About  2  grams 
of  the  finely  powdered,  air-dried  soil  is  weighed 
in  a  large  porcehiin  crucible  or  a  watch-glass  and 


heated  at  lOO'C.  for  some  days.  The  loss  found 
on  weighing  is  calculated  as  moisture,  or  '  hy- 
groscopic water.' 

About  2  grams  of  this  powder  is  then  heated 
in  a  dish  (platinum,  if  possible)  with  excess  of 
concentrated  sulphuric  acid,  for  8  or  10  hours, 
and  evaporated  to  dryness. 

The  cold  residue  is  boiled  with  water,  the 
solution  filtered,  and  the  insoluble  matter, 
consisting  of  sand,  free  hydrated  silica,  and  the 
silica  which  was  combined  with  the  alumina,  is 
washed,  dried,  and  weighed.  It  is  then  boiled 
repeatedly  with  sodium  carbonate  solution  in  a 
dish  and  filtered,  and  the  residue,  which  con- 
sists of  sand  only,  is  waslied  with  hot  water, 
then  with  water  acidulated  slightly  with  hydro- 
clilorio  acid,  and  finally  with  pure  water,  dried, 
ignited,  and  weighed.  This  weight,  subtracted 
from  that  of  the  total  silica,  gives  the  amount 
of  combined  silica  and  of  free  hydrated  silica 
(which  seldom  exceeds  1  p.c). 

Vv'hen  titanium  dioxide  is  present  in  tlio 
clay,  a  known  weight  of  the  residue  from  the 
treatment  with  sulphuric  acid  is  heated  with 
hydrofluoric  and  sulphuric  acids,  and  the  greater 
part  of  the  silica  volatilised  as  fluoride.  The 
residue  is  fused  with  potassium  bisulphate,  dis- 
solved in  cold  water,  filtered  if  necessary,  and 
boiled.  The  titanium  dioxide  is  then  repreci- 
pitated;  it  is  washed,  dried,  ignited,  and  weighed. 

The  filtrate  from  the  treatment  with  sul- 
phuric acid  is  treated  with  excess  of  lead  nitrate 
solution,  and,  after  standing  for  some  hours  is 
filtered  from  the  precipitated  lead  sulphate.  The 
excess  of  lead  is  removed  from  the  filtrate  and 
washings  by  a  stream  of  sulphuretted  hydrogen, 
and  the  solution  evaporated  to  dryness  and 
gradually  heated  to  about  2r)0^C.  until  nitric 
acid  is  no  longer  evolved.  The  residue  consists 
of  alumina,  ferric  oxide,  and  calcium,  magnesium, 
and  alkaline  nitrates.  It  is  moistened  wiih 
concentrated  ammonium  nitrate  solution,  and 
heated  on  the  water-bath  until  ammonia  fumes 
cease  to  escape.  The  residue  is  treated  with  hot 
water,  and  the  insoluble  alumina  and  ferric 
oxide  washed,  dried,  ignited  and  weighed.  The 
alumina  and  iron  may  be  separated  in  this  residue 
as  described  under  Estimation,  art.  Aluiiinium. 

The  filtrate  is  treated  with  ammonium  oxal- 
ate, and  filtered  after  twelve  hours  or  more,  the 
preoiioitate  is  ignited  and  weighed  as  caustic 
lime.  The  filtrate  is  evaporated  to  dryness, 
ignited  to  expel  ammonium  salts,  and  treated  with 
excess  of  oxalic  acid.  A  small  quantity  of  water 
is  added  and  again  evaporated  to  dryness,  and 
igniled  gently,  to  convert  the  magnesium  oxi  1- 
ate  into  magnesia  and  the  all;aline  oxalates 
into  carbonates.  It  is  repeatedly  Ircated  with 
snuill  quantities  of  water  and  the  magnesia 
filtered  off,  dried,  ignited,  and  weighed. 

The  filtrate  is  treated  with  a  few  drops  of 
hydrochloric  acid,  evaporated,  and  gently  ig- 
nited, and  the  small  <piantity  of  alkaline  chlor- 
ides weighed.  If  it  is  desired  to  separate  the 
potassium  and  sodium,  the  former  may  be  pre- 
cipitated by  platinum  chloride,  or  they  may  be 
indirectly  determined  by  means  of  a  weak  stan- 
dard solution  of  silver  nitrate. 

All  the  reagents  used  should  be  very  pure 
and  absolutely  free  from  alkaline  salts.  The 
ammonium  nitrate  and  oxalate,  and  the  oxalic 
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acid  should  volatilise,  leaving  no  white  slain,  on 
ignition  on  platinum  foil. 


The  production  of  the  finer  clays  in  (Inc-e 
districts  during  the  last  four  years  is  as  follows : 


Cornwall 

Deron^iUire 

Dorsetshire 



Kaolin  and 

Value 

Cliina  stone 

China  clay 

Potter's  clay 

Potter's  cl&y 

Tons 

£ 

Tons 

Tons 

£ 

Tons 

£ 

1883 

313,053 

234,789 

35,8!:.9 

12,30G 

30,070 

134,539 

07,270 

1884 

298,796 

221,097 

58,487 

39,479 

120,000 

CO.OOO 

1885 

812,413 

231,310 

31,734 

58,503 

39,490 

122,804 

40,074 

188G 

2'J0,270 

217,710 

32,180 

31,927 

43,177 

122,557 

45,958 

Exports  of  Clay  from  the  United  Kingdom. 


1S85 

188G 

Quantity 

Value 

Quantity 

Value 

Tons 

£ 

Tons 

£ 

Russia  ..... 

11.125 

11,082 

8,875 

9,018 

Norway  and  Sweden 

8,440 

7,611 

6,320 

5,946 

Germany  .... 

27,972 

27,.390 

20,306 

27,172 

Holland  .... 

32.480 

31,345 

31,207 

29,085 

Belgium  .... 

34,958 

33,008 

31,026 

30,224 

France   

31,809 

31,310 

32,338 

32,598 

Spain  

4,794 

5,531 

4,188 

4.479 

Italy   

4,822 

4,872 

8,446 

8,101 

United  States  . 

15,025 

21,.->81 

21,776 

31,212 

Other  Countries  . 

12,014 

10,070 

13,815 

18,046 

Total  .... 

183,505 

191,051 

184,357 

197,141 

CLAY  IRONSTONE  v.  Ihon,  ores  of. 

CLAY  SLATE  r.  Slatk. 

CLEVELAND  IRONSTONE  v.  Iron,  ores  of. 

CLICHY  "WHITE,  a  white  lead  manufactured 
at  Cliohv,  in  France,  v.  Wliite  lead,  art.  Lead. 

CLOVES,  OIL  OF,  v.  Oils,  esseiNtlu-. 

COAL  V.  FuEi,. 

COAL  GAS  V.  Gas,  coal. 

COBALT.  Symbol  Co.  At.  w.  58-7  (Eothoff, 
Dumas,  llnsscll,  Wincklcr,  Wesclsky,  Lee). 

Cobalt  usually  occurs  combined  with  arsenic 
or  sulphur,  and  almost  invariably  associated 
with  nickel  and  other  metals.  Free  cobalt 
occurs  only  in  meteorites. 

The  most  plentiful  and  important  ore  of 
cobalt  is  smaltine  or  tin  wldte  cobalt,  consisting 
of  arsenide  of  cobalt,  nickel,  and  iron.  It  occurs 
abundantly  at  Schnceberg  and  many  other 
localities  where  bismuth  is  found  (r.  liis^inxir), 
in  Bohemia,  very  pure  at  Tunaberg  in  Sweden, 
and  free  from  nickel  in  Colorado.  As  triarsenide 
it  forms  Skuttcriiditc  CoAs,.  Sulpharsenide  of 
cobalt  occurs  as  cobalt  glance,  grey  cobalt,  or 
cobaltinc,  abundantly  at  Vena  (Sweden)  and  in 
Norway  ;  in  smaller  quantities  in  Silesia  and 
Cornwall.  As  hydrated  arsenate  it  forms  cobalt 
hlooiii  or <■)•////( ri'/t'Co,,Asp^.\(l,  found  frequently  as 
a  peach-coloured  incrustation  on  other  arsenical 
ores,  being  produced  by  their  decomposition. 
As  sulphide,  cobalt  occurs  in  small  quantities  in 
cobnll  pyrites  and  in  linnalite. 

lUack  earthy  cobalt  is  a  hydrated  oxide  of 
cobalt  and  manganese.  It  is  essentially  a  variety 
of  Wild  (hydrated  manganese  oxide)  containing 
Fometinies  as  much  as  40  p.c.  of  cobalt,  and  is 
imported  into  lingland  from  Missouri  for  the 
manufacture  of  smalt.    Surface  deposits  con- 


taining oxides  of  cobalt  and  of  nickel  occur  at 
New  Caledonia  with  veins  of  chrome  ore  and 
nickel  and  magnesium  silicates  ;  it  is  smelted 
on  the  spot  and  imported  as  a  rcgulus  to 
England.  Cobalt  occui"s  in  small  quantities  in 
many  other  minerals ;  as  oxide  in  black  oxide 
of  manganese  ;  as  arsenide  in  mispickel,  some- 
times to  the  extent  of  10  p.c. ;  in  selenide  of  lead, 
and  in  cerite  and  Flemish  coal. 

Extraction.— MeiMic  cobalt  is  not  at  present 
used  to  any  extent  in  the  arts,  though  its  utility  is 
becoming  more  full}'  recognised.  It  may  be  pre- 
pared by  the  ignition  of  the  oxide  with  charcoal ; 
it  then  contains  carbon.  Pure  cobalt  is  prepared 
by  igniting  the  oxalate  of  cobalt  Co(CO,J..,  when 
the  carbon  and  oxygen  pass  off  as  carbonic  an- 
hydride, leaving  the  pure  metal  as  a  powder. 
A  button  of  the  fused  metal  may  be  obtained 
by  fusion  of  the  oxalate  alone,  or  of  the  oxide 
mixed  with  charcoal  under  a  layer  of  jrowdered 
glass  containing  no  lead  or  otlicr  reducible 
metal ;  the  fusion  is  preferably  performed  in  a 
lime  crucible  at  the  highest  temperature  of  a  fur- 
nace. Cobalt  ia  also  produced  as  a  grey  metallic 
powder  by  igniting  the  oxide  at  a  red  heat  in 
a  current  of  hydrogen.  If  too  low  a  temperature 
has  been  used,  the  metal  produced  \s pyrophoric, 
igniting  and  becoming  reoxidised  in  contact  with 
the  air. 

Proper  tic  s.—CohaXi  is  a  white,  slightly  red- 
dish metal,  similar  in  properties  to  iron.  It  is 
the  most  magnetic  metal  after  iron,  its  magnet- 
ism, according  to  Pouillet,  not  being  destroyed 
at  a  red  heat. 

Pine  cobalt  is  harder  and  more  tenacious 
than  iron  ;  from  a  button  of  the  metal  prepared 
from  the  oxalate,  Deville  has  obtained  cobalt 
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■wire  of  nearly  clouble  the  tenacity  of  iron. 
Valenciennes  states  that  cobalt,  after  fusion  and 
annealing,  may  be  rolled  into  spiral  bands  like 
good  iron  (c'  E.  70,  GOT).  Cobalt  melts  at 
1,;)00°C.  (Pictet) — i.e.,  about  the  temperature  at 
which  P]nglish  hammered  iron  fuses.  Its  sp.gr. 
varies  between  S'5  and  S'O.  It  is  slowly  soluble 
in  liydrochloric  and  sulphuric  acids,  with  evolu- 
tion of  hydrogen,  quickly  soluble  in  nitric  acid. 
The  powdered  metal  combines,  when  heated, 
with  chlorine,  bromine,  and  iodine.  It  decom- 
poses steam  at  a  red  heat. 

Cobalt  may  be  deposited  as  a  fine  histrous 
coating  on  metals  by  the  electrolysis  of  a  neutral 
solution  of  the  double  sulphate  of  cobalt  and 
ammonia,  using  a  weak  current  and  an  anode  of 
cobalt  (A.  Gaiffe,  C.  K.  1878).  The  presence  of 
amnionic  chloride  appears  to  hinder,  while  am- 
nionic sulphate  assists,  the  deposition.  The 
deposit  of  cobalt  is  harder,  more  tenacious,  and 
of  greater  beauty  than  that  of  nickel  (Troost). 
Cobalt  plating  is  stated  to  be  practised  as 
'  superior  nickel  plating.' 

For  the  properties  of  cobalt  containing  other 
metals,  v.  Alloys  of  cobalt. 

Detection.. — All  ores  and  compounds  of  cobalt 
impart  a  blue  colour  to  a  bead  of  borax  on  ig- 
nition; if  present  in  too  great  excess  the  bead 
appears  black.  Heated  on  charcoal  with  red  ucing 
flux,  all  substances  containing  cobalt  produce 
metallic  particles  which  are  attracted  by  a  mag- 
net (distinction  from  all  other  bodies  except  iron 
and  nickel). 

Salts  of  cobalt,  when  stronglij  ignited  with 
alumina  before  the  blowpipe,  give  a  fine  blue 
colour  (Thenard's  blue).  Sulphuretted  hydrogen 
liroduccs  no  precipitate  in  an  acid  solution,  but 
gives  a  black  precipitate  of  sulphide  in  alkaline 
solutions.  In  a  solution  containing  free  acetic 
acid,  potassic  nitrite  produces  a  yellow  precipi- 
tate (i'.  Cobalt  yellow),  the  whole  of  the  cobalt 
being  thus  precipitated  on  standing  in  a  warm 
place  for  some  time. 

Estimation.— Oves,  containing  cobalt  are 
usually  very  complex ;  tliey  almost  invariably 
contain  nickel  and  many  other  metals  from 
which  the  separation  is  ditlicult.  The  following 
scheme  will  serve  for  the  estimation  of  both  cobalt 
and  nickel  in  any  mineral,  though  in  the  case 
of  certain  ores  it  may  be  somewhat  simplified. 

From  2  to  7  grams  of  the  finely-ground  ore 
are  weighed,  and,  if  much  sulphur  and  arsenic 
are  iiresent,  roasted  in  a  porcelain  crucible  in 
a  muffle.  The  residue  is  boiled  with  hydrochloric 
acid  containing  a  little  nitric  acid  until  the  metal- 
lic oxides  are  dissolved  ;  the  solution  is  diluted, 
nearly  neutralised  with  ammonia,  and  boiled  with 
sodium  acetate  solution,  whereby  the  iron  and 
aluminium  are  precipitated  as  acetates  containnig 
the  greater  part  of  the  arsenic  (as  arsenate  of 
iron)  and  a  little  nickel  and  cobalt.  The  solution 
is  filtered,  and  the  precipitate  redissolvod  in  hy- 
drochloric acid  and  reprecipitated  as  before,  the 
precipitate  being  this  time  fi'eo  from  nickel  and 
cobalt.  The  two  filtrates  are  mixed,  just  neu- 
tralised with  ammonia,  and  sulphuretted  hydro- 
gen gas  passed  ;  thus  the  cobalt,  nickel,  zinc, 
copper,  bismuth,  etc.  are  precipitated  as  sul- 
phides, leaving  the  manganese  and  the  alkaline 
and  earthy  metals  in  solution.  The  precipitate 
is  filtered,  washed,  dried,  and  roasted,  the  oxidps 


so  iirodueed  dissolved  in  hydrochloric  acid,  and 
treated  with  sulphuretted  hydrogen  ;  the  copper, 
bismuth,  lead  itc.  arc  thus  pi-ccipitatod  and  fil- 
tered off. 

The  solution  is  boiled  till  free  from  sul- 
phuretted hydrogen,  and  the  two  metals  co- 
prceipitated  by  the  addition  of  potash  to  the 
boiling  solution ;  the  precipitate  is  filtered  and 
washed,  nearly  dried,  and  separated  as  far  as 
possible  from  the  filter.  The  preci^sitate  is  di- 
gested in  a  dish  with  dilute  hydrocyanic  acid, 
then  with  potash  solution,  and  again  with  hydro- 
cyanic acid,  and  warmed  until  no  further  solution 
occurs.  A  minute  quantity  of  residue  is  left, 
consisting  of  paracyanogen  and  a  small  quantity 
of  the  oxides  of  nickel  and  cobalt ;  it  is  added 
to  that  still  remaining  on  the  filter  paper,  and 
the  whole  washed,  dried,  ignited,  and  weighed. 

The  solution  containing  the  two  metals  is 
boiled  to  expel  the  excess  of  acid,  and  consists 
of  cobalticyanide  of  potash  and  double  cyanide 
of  nickel  and  potash.  Precipitated  yellow  mer- 
curic oxide  is  added,  and  the  solution  boiled  for 
some  time.  The  nickel  is  thus  precipitated, 
I  partly  as  cyanide  and  partly  as  sesquioxide.  It 
is  filtered,  washed,  dried,  ignited,  and  weighed 
as  protoxide  of  nickel  NiO.  The  filtrate  is  nearly 
neutralised  with  nitric  acid,  and  a  neutral  solu- 
tion of  mercurous  nitrate  added  in  excess.  The 
cobalt  is  thus  precipitated  as  cobalticyanide  of 
mercury,  which  is  washed,  dried,  and  ignited  in 
an  open  crucible  until  of  constant  weight.  The 
product  consists  of  CojO,. 

From  the  proportions  of  cobalt  and  nickel 
thus  found,  the  amount  of  each  in  the  residue 
on  the  filter  paper  &c.  which  has  been  weighed 
may  be  calculated,  and  added  to  the  amounts 
directly  determined. 

(See  further,  Hadow,  C.  N.  2,  85,  and  Crookes, 
Select  Methods  in  Chemical  Analysis,  2nd  edit. 
253-275.) 

Alloys  of  cobalt.  Cobalt  unites  with  incan- 
descence on  fusion  with  antimony  or  arsenic, 
forming  brittle,  iron-grey  alloys.  The  principal 
ore  of  cobalt,  smaltine,  consists  of  an  arsenide  of 
cobalt  CoAs.^;  it  is  tin-white,  hard,  very  brittle, 
and  melts  at  a  red  heat.  A  triaisenide  occurs 
as  slnittentdite  Co.^s,. 

With  copper,  cobalt  is  stated  by  Valenciennes 
to  produce  very  ductile  alloys  which,  when 
annealed  may  be  hammered  out  and  which  melt 
at  the  same  temperature  as  coirpor.  A  some- 
what ductile  violet  alloy  is  produced  by  fusion 
of  tin.  with  cobalt. 

With  gold  even  a  small  quantity  of  cobalt 
produces  a  brittle  alloy,  that  containing  1  part 
gold  and  17  parts  cobalt  is  dark-yellow  and  very 
brittle  (Hatehett). 

With  iron  a  very  brittle  alloy  is  formed.  A 
fusible  alloy  is  produced  with  platinum,  and  a 
silver-white  magnetic  amalgam  with  mercury, 
which  is  used  in  dentistry.  Cobalt  does  not 
alloy  with  silver,  lead,  and  bismuth,  the  metals 
separating  into  two  layers,  each  retaining  a 
small  quantity  of  the  other  metal. 

According  to  Fleitmann  (B.  12,  454,  and  Bl. 
32,  667)  the  addition  of  i  p.c.  of  magnesium  to 
molten  nickel  or  cobalt  renders  it  malleable, 
ductile,  and  highly  susceptible  of  polish  ;  it  can 
be  welded  with  steel  or  iron  and  rolled  into  thin 
sheets  without  separation. 
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It  is  also  possible  to  alloy  cobalt  and  nickel 
with  manganese  with  the  production  of  valuable 
properties.  For  tliis  purpose  commercial  man- 
ganese or  ferro-manganese  may  be  used,  the 
presence  of  iron  not  being  injurious.  From  2 
to  5  p.c.  of  the  manganese  is  added  in  small 
portions  to  the  molten  metal ;  much  gas  is 
evolved  after  each  addition,  and  the  metal  is 
poured  into  moulds  when  tranquil  {v.  Hunting- 
don, S.  C.  I.  1HH2,  258). 

It  is  stated  that  when  in  the  molten  condi- 
tion cobalt  and  nickel  take  up  both  carbon  and 
oxygen,  but  evolve  the  greater  part  of  the  latter 
substance  on  cooling,  leaving  a  porous  metal 
containing  carbon.  A  method  lias  been  patented 
whereby  this  carbon  is  said  to  be  eliminated. 
The  porous  cubes  of  metal  are  innnersed  in  a 
4  p.c.  solution  of  alkaline  manganate  or  per- 
manganate, dried  and  melted  in  a  crucible  at  a 
high  temperature.  The  carbon  is  said  to  be 
thus  oxidised  and  removed,  and  the  metal  takes 
up  a  small  quantity  of  oxygen.  As  soon  as  the 
metal  flows  easily  a  little  bhick  flux  and  charcoal, 
or  a  small  quantity  of  aluminium,  or  the  calcium 
zinc  produced  in  Caron's  jjrocess  is  added,  and 
the  oxygen  thus  removed  (D.  P.  J.  1884, 
254-31.5). 

Oxide  of  cobalt  C0:,0j.  This  is  the  only 
oxide  of  cobalt  of  importance  in  the  arts.  It  is 
prepared  in  large  quantities  from  the  ores  of 
cobalt,  and  from  sjJCiss  in  the  separation  of 
nickel. 

Several  methods  are  recommended  for  the 
extraction  from  the  ores. 

1.  Laiigier's  method.  The  powdered  ore  is 
roasted  and  dissolved  in  nitric  acid  or  in  dilute 
hydrochloric  or  sulphuric  acid,  containing  if 
necessary  a  little  nitric  acid,  filtered  and 
evaporated  nearly  to  dryness.  A  large  propor- 
tion of  the  arsenic  is  thus  separated  asarsenious 
oxide  ;  the  liquid  is  diluted,  decanted  from  the 
residue,  and  treated  with  sulphuretted  hydrogen 
for  the  precipitation  of  copper,  arsenic,  bismuth, 
and  tin.  The  solution  is  filtered,  heated  until  the 
sulphuretted  hydrogen  is  evolved,  and  the  iron 
oxidised.  Hodium  carbonate  is  tlien  added  and 
the  nickel  and  cobalt  precipitated  as  carbonates 
together  with  oxide  of  iron,  the  precipitate 
well  washed,  digested  with  excess  of  solution  of 
oxalic  acid  and  filtered  ;  the  soluble  ferric  oxalate 
is  thus  separated  from  the  insoluble  oxalates  of 
nickel  and  cobalt.  The  latter  are  triturated  with 
ammonia  and  dissolved  in  excess  of  that  sub- 
stance by  agitation  and  warming.  The  solution 
is  filtered  and  exposed  to  the  air  for  several 
days;  the  whole  of  the  nickel  is  thus  precipitated 
with  a  little  cobalt.  This  small  amount  of  cobalt 
may  be  removed  by  re-solution  in  annnonia  and 
re-exposure  to  air.  The  solution  containing  the 
cobalt  is  evaporated  to  dryness  and  ignited  in 
the  open  air  with  the  production  of  very  pure 
cobalt  oxide. 

2.  An  improvement  introduced  by  Berthier 
much  reduces  the  amount  of  sulphuretted 
hydrogen  required  for  the  precipitation.  The 
solution  obtained  as  above  is  mixed  with  a  dilute 
Holulion  of  a  ferric  salt,  and  then  with  small 
successive  portions  of  a  solution  of  potassium 
carbonate.  Tiie  precipitate  at  first  produced 
consists  of  the  light-coloured  arsenate  of  iron, 
but  at  last  it  changes  to  the  brown  hydrate  of 


iron.  In  this  manner,  with  the  proper  qnan- 
tities  of  chloride  of  iron  and  of  carbonate,  nearly 
the  whole  of  the  iron  and  arsenic  may  be  pre- 
cipitated. Excess  of  potassium  carbonate  must 
be  avoided,  or  the  nickel  and  cobalt  will  como 
down.  The  bismuth,  copper,  etc.,  are  then  pre- 
cipitated by  a  current  of  sulphuretted  hydrogen, 
a  much  quicker  operation  in  the  absence  of 
arsenic,  and  the  operations  continued  as  in  1. 

3.  According  to  Liebig's  process  (P.  18,  1C4) 
the  finely  powdered  cobalt  ore  is  carefully  roasted, 
and  one  jjart  of  ore  added  in  successive  small 
portions  to  three  parts  of  potassium  bisulphate 
healed  to  the  nielting-i^oint.  The  pasty  mass 
so  produced  is  then  heated  more  strongly  until 
fumes  cease  to  be  evolved  and  the  ma?s  fuses 
quietly.  In  this  way  the  arsenic  is  convertt  d 
into  insoluble  arsenate  of  iron  ;  if  too  small  a 
quantity  of  iron  is  present  to  combine  with  the 
whole  of  the  arsenic  a  little  ferrous  sulphate  is 
added  before  the  fusion,  otherwise  a  portion  of 
the  cobalt  will  remain  combined  with  the  arsenic. 
During  the  ignition  the  greater  part  of  the  nickel 
is  converted  into  oxide ;  this  conversion  is  not, 
however,  complete  in  the  presence  of  potassium 
sulphate,  so  the  resulting  cobalt  oxide  always 
contains  nickel.  The  mass  is  ladled  from  tlie 
crucible  with  an  iron  spoon,  cooled,  and  broken, 
boiled  with  water,  filtered  from  the  insoluble 
arsenate  of  iron,  itc,  and  the  heavy  metals  pre- 
cipitated by  sulphuretted  hydrogen.  That  gas 
is  then  boiled  oil  and  the  cobalt  precipitated 
with  potassium  carbonate  and  ignited  to  oxide. 

4.  Wohler  (P.  0,  277)  recommends  the  fusion 
of  the  powdered  ore  with  3  parts  potassium 
carbonate  and  3  parts  sulphur.  The  metals  are 
thus  converted  into  sulphides.  Care  must  be 
taken  not  to  heat  the  mass  sutliciently  to  fuse 
the  cobalt  sulphide,  or  it  is  dilfieult  to  separate 
it  from  the  soluble  impurities.  The  potash 
becoming  converted  into  suljihide  combines  with 
nearly  all  the  arsenic,  forming  soluble  sulpharscn- 
ate  of  potash.  The  powdered  mass  is  frequently 
exhausted  with  water  and  the  residue  again 
fused  and  washed,  to  remove  the  last  traces  of 
arsenic.  It  is  then  dissolved  in  nitric  acid  or  in 
a  mixture  of  sulphuric  and  nitric  acids,  and 
treated  as  in  the  former  methods. 

5.  For  the  separation  of  cobalt  from  earthy 
ores,  in  which  it  occurs  as  oxid(?  together  with 
manganese,  Waekenriider  (N.  Br.  Arch.  IG, 
133)  uses  the  following  process.  The  mineral 
is  dissolved  in  hydrochloric  acid  and  the  heavy 
metals  precipitated  with  suliiluuetted  hydrogen 
and  filtereil,  the  solution  boiled  with  nitric 
acid  to  oxidise  the  iron,  which  is  then  pre- 
cipitated by  the  addition  of  sodium  acetate 
and  the  colialt  precipitated  from  the  filtrate  by 
sulphuretted  hydrogen.  Or  the  cobalt  together 
with  the  manganese  and  zinc  may  be  precipitated 
with  alkaline  sulphide  and  the  precipitate 
digested  with  dilute  hydrochloric  acid  ;  tlic 
sulphides  of  the  latter  metals  are  thus  dissolved 
while  the  greater  part  of  the  cobalt  remains  as 
sulphide  from  which  the  oxide  may  be  obtained 
by  roasting.  Xiekel,  if  present  in  the  ore,  will 
remain  with  the  cobalt  in  this  process. 

The  method  generally  adopted  by  manu- 
facturers for  the  separation  of  cobalt  in  the 
extraction  of  nickel  appears  to  be  a  variation  of 
Berthier "s  process.  The  speiss  from  the  prepara- 
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tion  of  smalt  or  the  roasted  ore  is  fused  with  fluor- 
spar and  chalk  to  produce  a  richer  matt  contain- 
ing less  iron.  It  is  then  ground  and  tlioroughly 
roasted  to  produce  oxides  and  expel  arsenic  and 
sulphur,  dissolved  in  liydroih!ori;  acid  and 
diluted  with  water.  A  small  quantity  of  bleaching 
powder  is  added  to  oxidise  the  iron,  which  is  then 
precipitated  with  the  remaining  arsenic  by  milk 
of  lime.  The  liquid  is  decanted  from  the  pre- 
cipitate, the  heavy  metals  precipitated  with 
sulphuretted  hydrogen,  the  solution  decanted 
from  the  preciijitate,  and  the  cobalt  precipitated 
as  oxide  from  the  solution  by  tlic  addition  of 
bleaching  powder.  The  precipitate  usually  con- 
tains small  quantities  of  iron  and  nickel,  but  the 
greater  part  of  the  latter  is  left  in  solution  and 
subsequently  precijjitated  by  the  addition  of 
potash  (Louyet). 

Oxide  of  cobalt  is  used  for  the  preparation  of 
the  salts  of  cobalt  and  of  smalt,  and  by  ena- 
mellers  and  porcelain  manufacturers  for  the 
production  of  the  truest  blue  glaze  and  colour  on 
porcelain,  glass,  and  other  vitritiable  substances. 
The  presence  of  57,^  of  this  substance  imparts 
a  bluish  tinge  to  clear  glass. 

The  presence  of  other  oxides  has  an  injurious 
effect  on  the  colour  produced  by  this  substance 
(v.  Smalt),  it  is  therefore  necessary,  for  the  more 
delicate  work,  to  ensure  its  complete  freedom 
from  such  impurities. 

When  heated  strongly  with  magnesia  it  pro- 
duces a  pink  mass ;  with  alumina  a  line  blue 
(Thenard's  blue) ;  and  with  zinc  oxide  a  green 
(Rinmann's  green).  Zaffrii  consists  of  a  very 
impure  oxide  of  cobalt  produced  by  roasting  the 
ore.  It  is  usually  mixed  with  2  or  3  parts  of 
fine  sand  or  ground  quartz,  and  is  used  for 
the  same  i^urpose  as  smalt  for  the  coarser 
work. 

Cobalt  blue.  Cobalt  u'tvimirine.  Thenard's 
blue.  The  composition  of  this  tjigmeiit  varies 
considerably  according  to  the  method  of  manu- 
facture. It  consists  sometimes  of  the  oxides  of 
cobalt  and  aluminium  ;  at  other  times  it  con- 
tains phosphate  or  arsenate  of  cobalt. 

It  is  prepared  by  first  precipitating  a  solution 
of  a  cobalt  salt,  usually  the  nitrate,  free  from 
iron  and  nickel,  with  potassium  or  sodium  phos- 
Ijhate  or  with  sodium  arsenate.  The  gelatinous 
violet  precipitate  is  thoroughly  washed  and  well 
mixed  with  3  to  5  volumes  of  freshly  precipitated, 
well-washed  alumina  (when  arsenate  of  cobalt  is 
employed,  a  larger  proportion  of  alumina  may 
be  added).  The  mixture  is  dried  until  it  becomes 
brittle,  and  calcined  at  a  cherry-red  boat  for 
thirty  minutes  in  a  well-covered  clay  crucible. 
In  order  to  prevent  the  possibility  of  entrance  of 
reducing  gases,  which  much  injure  the  value  of 
the  product,  Eegnault  has  recommended  the 
addition  of  a  little  mercuric  oxide  before  the 
ignition.  Tliis  becomes  decomposed  and  evolves 
oxygen,  which  effectually  prevents  reduction, 
while  the  mercury  escaijes  as  vapour  (Begnault, 
Cours  Elem.  de  Chimie,  3,  1.50). 

The  alumina  used  is  precipitated  from  a 
solution  of  alum  free  from  iron  by  the  addition 
of  sodium  carbonate. 

A  similar  but  less  fine  colour  is  produced 
by  the  simultaneous  precipitation  of  the  oxides 
of  cobalt  and  aluminium  by  the  addition  of 
sodium  carbonate  to  a  mixture  of  cobalt  nitrate 


and  alum ;  the  mixed  precipitate  is  washed  and 
treated  as  above. 

According  to  the  process  recommended  by 
Binder  (Techuologisle,  5,  55),  the  oxide  of 
cobalt  is  precipitated  by  the  addition  of  the 
requisite  quantity  of  ammonia  to  a  solution  of 
pure  cobalt  chloride.  The  washed  precipitate 
is  mixed  with  alumina  as  before,  dried,  and 
calcined  at  a  red  heat  in  a  clay  crucible  for  two 
hours. 

Thenard's  blue  is  non-poisonous,  of  a  fine 
ultramarine  colour ;  the  presence  of  excess  of 
cobalt  imparts  a  somewhat  greenish  tinge.  It 
has,  however,  the  disadvantage  of  appearing 
violet  in  artificial  light.  It  is  one  of  the  most 
permanent  blue  pigments,  being  unaltered  by 
acids  or  alkalis,  and  is  largely  used  as  an  oil 
and  water  colour. 

Cxruleunr,  C'xUnc,  Blsu  ci'lcste,  is  a  corre- 
sponding colour  containing  oxide  of  tin  and 
usually  calcium  sulphate.  Its  general  composi- 
tion is  said  to  be  oxide  of  tin  4y-(56,  oxide  of 
cobalt  18-06,  sulphate  of  lime  and  silica  31-G8. 

It  is  a  fine  light-blue  pigment  of  slightly 
greenish  tinge,  of  greater  density  than  Thenard's 
blue,  and  retains  its  colour  in  artificial  light. 

Cobalt  green.  Rinmann's  green.  The  con- 
stitution of  this  pigment  corresponds  to  that  of 
Thenard's  blue,  with  the  substitution  of  zinc 
oxide  for  alumina. 

It  is  prepared  by  precipitating  a  solution  of 
piux  cobalt  chloride  containing  100  grams  of  the 
protoxide  of  cobalt  per  litre  {i.e.  a  10  p.c.  solu- 
tion), with  phosphate,  arsenate,  or,  less  satisfac- 
torily, carbonate  of  sodium,  mixing  the  well- 
washed  precipitate  with  zinc  oxide,  drying  and 
calcining.  It  may  also  be  prepared  by  precipi- 
tating a  mixture  of  zinc  sulphate  and  cobalt 
nitrate  with  alkaline  carbonate,  washing  and 
igniting  the  precipitate,  or  by  evaporating  a 
solution  of  a  cobalt  salt  with  zinc  oxide  and 
igniting  the  residue. 

11.  Wagner  (Technologiste,  IS,  409)  gives  the 
composition  of  a  fine  green  prepared  by  him 
as  zinc  oxide  71'G8,  phosphoric  oxide  8-29,  cobalt 
protoxide  18-93. 

lUnmann's  green  is  a  fine  permanent  pig- 
ment ;  its  colour  varies  through  many  shades 
according  to  the  proportion  of  zinc  present,  the 
darker  greens  containing  less  of  that  substance. 
It  is  non-poisonous  and  unacted  upon  by  acids 
or  alkalis,  but  is  attacked  by  ammonia.  Kin- 
mann's  green,  on  account  of  its  high  price  and 
the  number  of  other  permanent  greens,  is  no 
longer  used  as  a  pigment.  Another  permanent 
green  pigment  used  in  porcelain-painting  is  said 
to  be  prepared  by  the  calcination  of  a  dried  mix- 
ture of  the  following  proportions  of  the  freshly 
precipitated  substances :  20  cobalt  carbonate, 
40  alumina,  20  chromium  oxide. 

Cobalt  bronze  is  a  phosphate  of  cobalt  and 
ammonia,  of  a  violet  colour,  with  a  bronze  like 
metallic  lustre. 

Silicates  of  cobalt.  A  silicate  of  cobalt  is 
produced  by  the  addition  of  silicate  of  soda 
(soluble  glass)  to  a  cobalt  salt.  It  produces  a 
blue  pigment  well  suited  for  painting  on  glass 
and  porcelain. 

Smalt.  Bleud'azur,  Bleu  de  Saxc.  This  im- 
portant substance  consists  of  silicate  of  cobalt 
and  potash. 
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In  the  i^roparation  of  smalt  at  Saxony 
smaltine  is  piincipally  used.  In  Norway  and 
Sweden  the  principal  ore  is  cobaltiue.  The 
general  process  is  identical  for  both  ores. 

The  selected  ore  is  i^owdered,  freed  from  the 

tor  earthy  impurities  bj' washing,  and  placed, 
in  charges  of  about  ;)  cwt.,  in  a  layer  of  5  or  G 
inches  thick  on  the  bud  of  a  revcrberalory  fur- 
nace or  in  a  niullle.  It  is  then  roasted,  and  the 
sulphur  and  arsenic  expelled  as  oxides,  the 
latter  being  condensed  in  chambers  through 
which  the  fumes  are  passed.  The  roasting 
must  be  disconthiued  when  sufficient  arsenic  is 
left  to  combine  with  the  less  oxidisable  metals,  j 
especially  copper  and  nickel,  while  the  greater  I 
part  of  the  cobalt  is  converted  into  oxide.  In 
order  to  ascertain  whether  the  roasting  has  pro- 
ceeded sulliciently,  a  small  portion  is  occasion- 
ally tested  and  the  process  stopped  when  the 
finest  tinted  glass  is  jsroduced.  The  material 
is  then  ready  for  fusion  for  '  smalt.' 

The  fluxes  used  consist  of  powdered  quartz 
and  potassiiuu  carbonate.  They  must  be  of  great 
purity,  as  the  presence  of  lime  and  many  other 
substances  impairs  the  beauty  of  tlie  colour. 
Tlie  quartz  is  first  heated  to  redness,  plunged 
into  water,  and  thus  disintegrated,  and  jjow- 
dered  in  a  mill.  It  is  then  suspended  in  water 
and  allowed  to  subside  for  a  short  time,  and  the 
liquid,  wliicli  contains  most  of  the  iron  and 
oilier  imiuu'ilies  still  suspended,  is  poured  off; 
this  operation  is  repeated  until  a  pure  quartz 
powder  is  obtained. 

The  pro])ortions  of  the  ingredients  used 
vary  extremely  according  to  the  richness  of  the 
ore  and  the  colour  required.  The  jjotassium  car- 
bonate used  generally  amounts  to  about  of 
the  wciglit  of  ore  and  quartz  together.  White  | 
arsenic  is  usually  added  to  oxidise  any  protosalt 
of  iron  and  thus  prevent  tlie  injurious  eifect  of 
that  substance  on  the  smalt,  and  to  otlierwise 
heighten  the  colour  of  the  product.  The  exact 
amount  of  each  of  these  substances  is  found  by 
a  test  fusion  and  comparison  witli  a  smalt  of  the 
required  colour. 

The  smalt  furnace  is  similar  to  a  glass  oven ; 
it  usually  contains  eiglit  crucibles.  The  pots 
are  of  very  refractory  clay,  free  from  lime, 
and  capable  of  holding  :,'  cwt.  When  charged, 
they  are  strongly  heated  and  the  mass  fuses 
in  about  8  hours ;  it  is  frequently  stirred  to 
lender  it  homogeneous  and  to  break  the  crust 
which  forms  on  the  surface.  At  a  white  lieat 
combination  occurs,  the  quartz  and  potash  re- 
act with  the  production  of  fusible  silicate  of 
jiolasli,  which  dissolves  the  oxide  of  cobalt 
forming  the  blue  '  smalt,'  while  the  mixed 
arsenides  of  nickel,  copper,  and  iron,  with  the 
snnili  quantity  of  arsenide  of  cobalt  which  is 
always  present,  fuse  and  form  a  brittle  metallic 
looking  spcisii  beneatli  the  smalt.  This  usually 
contains  about  3  p.c.  of  cobalt  and  a  considerable 
quantity  of  nickel,  and  is  used  for  the  prepara- 
tion of  the  latter  substance  and  of  cobalt  oxide. 
The  nniss  is  left  at  a  white  lieat  for  some  time 
without  stirring,  to  allow  the  speiss  to  settle,  and 
ladled  out  witli  long-liandled  iron  ladles  into 
vessels  of  cold  w;iler.  It  is  thus  rendered 
granular,  brittle,  and  easy  to  pulverise.  When 
nearhig  the  bottom  of  the  crucible  the  ladle 
contains  both  speiss  and  smalt ;  the  former, 


being  much  more  fusible,  is  poured  first  from 
the  ladle,  from  beneath  the  Bualt  into  a  niche 
in  the  side  of  the  furnace,  wlience  the  denso 
fumes  of  arsenic  <fcc.  which  it  evolves  pass  up  the 
chimney. 

The  blue  glass  is  next  powdered  with  granite 
stampers,  or  ground  between  granite  millstones 
under  water,  and  the  product  passed  through  a 
series  of  depositing  vats.  In  the  first  vat  it 
remains  for  a  short  time  only,  thence  it  passes 
to  a  second  for  a  somewhat  longer  time,  to  a 
third  for  about  1-5  minutes,  to  a  fourth  and 
fifth  for  a  corresponding  period,  and  finally  to  a 
sixth  vat  where  it  is  allowed  to  deposit  com- 
pletely. The  deposit  in  the  first  vat  is  returned 
to  the  mill  and  reground,  that  in  the  second  and 
third  is  the  best  marketable  smalt,  while  in  the 
fourth  and  fifth  vats  a  lighter-coloured  deposit, 
sold  under  the  name  csclicl,  is  produced.  The 
deposit  in  the  last  vat  is  not  marketable  and  is 
usually  resmelted. 

The  marketable  deposits  are  again  washed, 
deposited,  dried,  powdered  and  sifted.  Abont 
three-lifths  of  the  glass  taken  from  the  pots  is 
thus  available.  The  presence  of  other  oxides 
than  those  of  cobalt  and  potash,  even  in  small 
quantities,  exerts  a  powerful  influence  on  the 
colour  of  the  smalt.  Baryta  produces  an  indigo 
tinge ;  sodium,  calcium,  and  magnesium  pro- 
duce a  reddish  shade ;  iron,  a  blackish  green, 
very  prejudicial  to  the  brighter-coloured  smalts; 
manganese  violet,  nickel  violet  but  less  intense; 
copper,  zinc,  bismuth,  and  antimony,  dull 
shades. 

The  composition  of  smalt  varies  considera- 
bly ;  the  silica  is  usually  from  5G-70  p.c, 
potash  12-22  p.c.  and  cobalt  G-IG  p.c.  The 
following  analyses  by  Ludwig  (J.  pr.  51,  129) 
are  of  interest :  — 


Xornegiiiii 
<leep 
coloured 
suintt 

German 

deep 
coloured 

Gcrtuiiu 
pale 
coarse 

Silica  . 

Potash  and  soda  . 
Cobaltous  oxide  . 
Alumina 

Protoxide  of  iron  . 
Arseuious  acid 
Water    and  car- 
bonic acid 

70-8') 
21-41 
G-49 
0-43 
0-24 
trace 

0-57 

66-20 
16-31 
6-75 
8-G4 
1-36 

0-92 

7212 
20-04 
1-95 
1-SO 
1-40 
OOS 

0-46 

100-00 

101-18 

97-85 

Smalt  is  a  very  permanent  blue  pigment, 
largely  employed  for  the  production  of  blue 
colours  with  vitreous  substances  and  in  painting, 
both  for  delicate  and  coarse  work.  It  was 
formerly  much  used  for  colouring  starch,  paper, 
etc.,  but  for  this  and  many  other  purposes  it  is 
now  almost  superseded  by  the  far  less  per- 
manent artiticial  ultramarine. 

Cobalt  yellow  consists  of  a  double  nitrite  of 
cobalt  and  potassium,  prepared  by  the  addition 
of  potassium  nitrite  to  a  solution  of  a  cobalt  salt 
acidulated  with  acetic  acid.  Its  composition 
varies  with  the  proportions  used  and  the  streiit;tli 
of  the  solution.    Erdmann  and  Sadtlcr  state 
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that  when  precipitated  from  a  solution  contain- 
ing- much  acetic  acid  it  consists  of  Co_,K|;(N02),2 
with  a  variable  amount  of  water. 

Cobalt  yellow  is  a  bright  yellow  crystalline 
powder,  very  free  from  impurities,  unacted  upon 
by  cold  water  or  cold  acids,  and  but  slowly 
blackened  by  sulphuretted  hydrogen. 

It  forms  a  line  pigment  for  artistic  purposes. 
When  used  for  painting  porcelain  it  produces  the 
usual  blue  colour  on  baking,  which,  on  account 
of  the  purity  of  the  substance,  is  of  great  beauty. 

Salts  of  cobalt.  The  soluble  salts  of  cobalt 
are  prepared  by  solution  of  the  oxide,  carbonate, 
or  metal  in  the  various  acids.  They  are  gene- 
rally pink  and  deliquescent,  forming  pink  solu- 
tions when  dilute,  but  when  dried  or  in  con- 
centrated solution  they  are  blue.  For  this 
reason,  solutions  of  nitrate  and  other  salts  of 
cobalt  are  used  as  sympathetic  inks,  such  writing 
being  almost  invisible  until  brought  near  a  tire, 
when  the  letters  appear  blue.  They  gradually 
reabsorb  moisture  and  again  become  invisible. 

When  ammonia  is  added  to  a  solution  of  a 
cobalt  salt  oxygen  is  absorbed,  giving  rise  under 
various  conditions  to  many  complex  series  of 
salts  containing  ammonia  and  different  oxides  of 
cobalt. 

Cobaltous  chloride  CoCL  is  prepared  by  dis- 
solving the  oxide  or  carbonate  in  hydrochloric 
acid  and  evaporating  the  solution.  According 
to  the  temperature  at  which  it  crystallises  it  may 
contain  G,  i,  or  2  molecules  of  water  of  crystal- 
lisation, the  latter  at  the  higher  temperatures. 

Cobaltous  chloride  is  soluble  in  water  or 
alcohol.  A  strong  solution,  or  a  weaker  solution 
containing  strong  hydrochloric  acid,  is  of  a  blue 
colour. 

Cobaltous  sulphate  CoSO|.7H,0  is  prepared 
by  solution  of  the  oxide  or  carbonate  in  dilute 
sulphuric  acid.  It  crystallises  in  red  crystals 
isomorphous  with  magnesium  sulphate,  soluble 
in  24  parts  of  cold  water. 

Cobaltous  nitrate  Co(NO.j).,.CH,0  is  a  red 
deliquescent  crystalline  salt  prepared  by  dis- 
solving the  oxide  in  nitric  acid.  It  is  very 
soluble  in  water,  the  solution  being  used  as  a 
reagent  in  blowpipe  analysis. 

COBALT  BLOOM.  Enjthvitc  ;  Ilijdralcd  co- 
balt arsenate  ;  !'.  CobaJjT. 

COBALT  BLUE  or  THENARD'S  BLUE  v. 
Coi'.Ai/r. 

COBALT  BRONZE  v.  Cobalt. 

COBALT  GLANCE.  Grcij  cobalt;  cobaltinc. 
Suljiliarsciiidc  of  cobalt ;  v.  Cobalt. 

COBALT  GREEN  or  RINMANN'S  GREEN 

V.  CoI'.ALT. 

COBALT  PYRITES  v.  Cobalt. 

COBALT  SPEISS  v.  Cobalt. 

COBALT  ULTRAMARINE  or  COBALT  BLUE 

V.  Cobalt. 

COBALT  YELLOW  v.  Cobalt. 
COBALTINE  v.  Cubalt. 
COCAINE  II.  Vegeto-alkaloids. 
COCCIN  i).  Azo-  coLonniNG  mattees. 

COCCININ  V.  Azo-  COLODKlNCx  HATTERS. 

COCCULUS  INDICUS  or  INDIAN  BERRY  is 

the  fruit  of  the  Men  ispeiiiutiii  cccculiis  (Linn.), 
Ancunirtcc  coccidus  (Wight  andArnott),  nat.  ord. 
Mcninjiermacccc,  a  tree  growing  upon  the  coasts 
of  Malabar,  Ceylon,  itc.  The  berry  is  about  the 
size  of  a  largo  pea  and  of  a  dark-grey  colour. 


It  possesses  strong  poisonous  and  narcotic 
qualities  from  the  fact  of  its  containing  about 
one-liftieth  part  of  its  weight  of  picrotoxin,  and 
has  been  employed  to  increase  the  bitterness  as 
also  the  inebriating  effect  of  beer.  It  is,  how- 
ever, exceedingly  deleterious  to  health,  and  the 
use  of  it  for  this  jjurpose  has  been  prohibited  by 
the  legislature  under  heavy  penalties. 

Besides  picrotoxin,  Schmidt  andLowenhardt 
(B.  14,  817)  obtained  from  the  seeds  of  cocoulus 
indicus  cocculin  C,,|H^  .O|„  crystallising  in  white 
needles,  sparingly  soluble  in  hot  water,  insoluble 
in  cold  water,  alcohol,  and  ether.  It  is  probably 
identical  with  Bartli  and  Kretschy's  anamirtin 
C|,,H^iO,|,  which  they  regarded  as  a  constituent 
of  23icrotoxin. 

Cocculus  indicus  ben-ies  contain  menispcr- 
miiic,  paraiiiciiispcrmiiie,  and  picrotoxin  v. 
Picrotoxin. 

COCHINEAL,  the  insect  which  i>roduces 
the  red  dyestulf  known  as  carmine  (cp  v.).  As 
found  in  trade  it  is  the  body  of  the  female 
cochineal  insect  which  lives  on  a  species  of 
cactus  growing  in  Spain,  Algeria,  West  Indies, 
&c.  During  life  the  insect  is  about  the  size  of  a 
small  ladybird.  It  is  rather  long,  compressed, 
equally  broad  all  over,  wingless,  and  marked 
behind  with  deep  incisions  and  wrinkles.  The 
cochineal  insect  has  six  feet,  which  nevertheless 
are  only  of  use  directly  after  birth.  It  fastens 
itself  upon  the  plant  by  means  of  a  trunk  placed 
between  its  forefeet,  and  remains  there  till  it 
dies.  The  sap  of  the  plant  provides  this  little 
animal  with  nouiishment.  The  male  cochineal 
insects  resemble  the  female  only  during  the 
larva  state.  They  change  into  the  chi-ysalis,  and 
soon  come  forth  as  small  red  Hies.  The  female 
then  lays  some  thousands  of  eggs,  and  becomes 
covered  with  a  white  powder.  She  protects  the 
eggs  under  her  body,  and  hatches  them,  so  to 
speak,  in  this  way.  When  the  young  insect 
appears  the  mother  dies.  The  young  are  now  in 
the  larva  state,  and  the  sex  cannot  be  discerned. 
Tliey  lose  their  skin  several  times,  and  the  female 
then  fixes  herself  on  the  plant.  The  males, 
after  passing  through  the  pupa  state,  are  winged. 
Their  whole  period  of  life  is  from  two  to  three 
months.  The  cochineal  insects  are  gathered 
shortly  before  they  lay  eggs,  and  they  are  then 
very  rich  in  colouring  matter.  Only  sufficient 
eggs  are  laid  as  may  serve  to  reproduce  the 
insect.  They  are  killed  with  hot  water  or  steam, 
and  dried  in  the  sun,  in  ovens,  or  on  plates. 
The  dead  females  are  also  collected.  They 
have  a  brown,  red,  white,  or  black  colour,  and 
lose  in  the  drying  two-thirds  of  their  weight. 
After  drying  the  cochineal  is  sieved.  About 
70,000  insects  go  to  make  a  pound  of  cochineal 
(S.  C.  I.  1,  181). 

There  are  many  different  kinds  of  cochineal 
in  the  market,  and  it  is' frequently  adulterated, 
chiefly  with  barium  sulphate  and  with  half- 
exhausted  cochineal. 

The  value  of  different  samples  of  cochineal 
may  be  compared  by  simply  comparing  the  tints 
produced  by  fixed  weights,  dissolved  in  equal 
volumes  of  water,  but  more  accurately  by  dis- 
solving a  given  weight  of  powdered  cochineal  in 
water  and  observing  how  much  of  a  standard 
neutralised  alum  solution  is  required  to  com- 
pletely precipitate  the  colouring  matter.  There 
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is  no  roally  accurate  method  of  estimating  the 
colouring  power. 

Liebcrniann  finds  that  the  finest  kinds  of 
cochineal  contain  only  about  10  p.c.  of  pure 
colouring  matter.  The  perccutaKO  of  colouring 
matter  in  ordinary  cochineal  was  determined  by 
precipitating  the  aqueous  solution  with  leal 
acetate,  purification  of  the  lead  compound, 
determination  of  the  lead  contained  in  it,  and  of 
the  colouring  matter  by  difference.  Cochineal 
carmine  is  insoluble  in  alcohol,  and  nearly  in- 
sohible  in  water.  An  analysis  of  a  very  pure 
specimen  gave  the  following  results : 

Water  17  p.o. 

Nitrogenous  substances  .  .  20  „ 
Colouring  matter    .       .       .    y()  „ 

Ash  7  „ 

Wax       .....  traces 
The  nitrogen,  which  amounts  to  about  3'7  p  c. 
on  the  dry  carmine,  is  probably  chiefly  present 
as  albuminous  substances,  since  ou  fusion  with 
potash  a  smell  of  indole  is  produced. 

On  heating  the  dry  carmine  to  180°  it  is  con- 
verted into  ruficarminc,  and  at  a  still  higher 
temperature  (2.50')  evolves  CO^,  apparently 
showing  that  the  dyestuff  is  a  carboxylic  acid. 
Liebermann  could  obtain  no  confirmation  of  the 
statement  that  the  dyestuff  is  aglucoside  (S.C.I. 
4,  58.5). 

COCHINEAL  RED.  Syn.  Brillianl  Ponceau; 

V.  AZO-  C(iL(H  l:I\cl  lIATTKltS. 

COCHINEAL   SCARLET  v.  Azo-  coloukinq 

COCHINEAL  WAX  and  FAT.    The  wax  is 

ohtained  by  extracting  the  cochineal  with 
benzene,  and  consists  almost  entirely  of  a  sub- 
stance to  which  Liebermann  gives  the  name 
cocccrin.  After  the  removal  of  the  cocccrin  the 
fat  is  extracted  with  ether ;  it  consists  of  myristin 
and  an  oil  containing  fatty  acids.  The  follow- 
ing are  the  percentages  of  coecerin  in  various 
samples  of  cochineal  (extracted  whole  with 
benzene) : 


Silver  cochineal 

.    1-0  p.c. 

Mexican  silver  cochineal . 

.  1-7 

Toneriffe  silver  cochineal 

.  2-0 

Zaccatillo 

.  0-5 

TenerilTe  black  cochineal . 

.  0-7-10 

Mexican  black  cochineal 

.    1-5  „ 

Granilla 

.  4-2 

I3y  powdering  the  cochineal  before  extrac 

tion  the  percentage  increased  by  about  one- 
half,  except  in  the  case  of  Granilla,  where  the 
granules  are  exceedingly  snniU.  The  percentage 
of  myristin  is  on  the  average  about  l"5-2-0,  and 
of  fluid  fat  and  fatty  acids  4-0 -G-0,  so  that  the 
average  total  (juantity  of  wax  and  fat  contained 
in  a  silver  coehiucal  is  about  12  p.c.  After 
lecrystallising  from  benzene  or  acetic  acid 
coecerin  forms  thin  glistening  plates  of  melting- 
point  100°.  It  is  sparingly  soluble  in  all  cold 
solvents,  and  nearly  insoluble  in  alcohol  and 
ether.  It  has  the  constitution  C.|„H  .„(C„H  .,0,,)o. 
On  saponification  with  alcoholic  potash  it  gives 
coccrn/l  alcohol  C,„H,„(01I).^  and  cocccric  acid 
CaiH.raOj.  The  alcohol  forms  a  white  crystalline 
powder  of  melting-point  101-104°.  The  acid 
melts  at  03°,  and  is  soluble  in  hot  alcohol, 
bon/.onc,  d-c;  its  ethyl  ether  melts  at  about  70°. 
The  myristin  C,,H,(OC,  ,II,.0)3  forms  colourless 
crystals  of  melting-point  55°,  easily  soluble  in 


warm  alcohol  itc. ;  on  saponification  it  gave 
glycerol  and  njyristic  acid  CkH^.O^  of  melting- 
point  54°  and  boiling-point  24S-'  at  100  mm. 
(S.  C.  I.  1,  585). 

COCINlC  ACID  V.  Usii!KLLcr-io  acii>. 
I  COCOA.  The  cocoa  of  commerce  is  made 
from  the  seeds  of  Tlitobroma  cacao,  nat.  ord. 
liijltiuriaccie,  a  tree  growing  in  the  West  Indies, 
Central  America,  Brazil,  ifcc.  It  is  also  success- 
fully cultivated  in  parts  of  Asia  and  Africa.  The 
tree  usually  grows  to  a  heiglit  of  12  to  20  feet, 
'  but  is  sometimes  much  higher.  It  begins  to 
bear  fruit  when  three  years  old,  and  attains  full 
productiveness  when  seven  or  eight  years  ild.  The 
seeds  are  ovate,  Uattened,  0*7  to  0-'.(  inch  long 
and  -39  to  -58  inch  broad  :  they  are  covered 
with  a  thin  red  or  grey-browu  frial>lc  shell. 
The  taste  of  the  fresh  seed  is  oily,  bitter,  and 
rather  unpleasant.  The  seeds  themselves  are 
arranged  in  a  fruit  of  5  to  12  inches  in  length 
and  about  3  inches  in  diameter,  in  which  they 
are  embedded  in  five  rows,  their  number  amount- 
ing to  forty  or  upwards  in  a  large  specimen  of 
Central  American  growtii.  In  the  \Vest  Indies 
and  other  places  the  fruit  is  smaller  and  con- 
tains fewer  seeds.  Being  jilaced  in  bulk  the 
seeds  ferment ;  by  which  means  much  of  their 
disagreeable,  harsh  flavour  disappears  and  is  re- 
placed by  an  aromatic  smell,  whilst  their  colour 
becomes  darker  both  then  and  during  the  subse- 
quent drying  which  is  performed  in  the  sun  or 
before  a  five.  Finally  the  beans  are  roasted 
after  the  manner  of  roasting  coffee,  and  manu- 
factured into  cocoa  bearing  various  names.  Of 
these  cocoa  nibs  are  the  bruised  roasted  beans 
deprived  of  their  husky  covering;  Jhtlic  cocoa  is 
tiie  nibs  ground  and  formed  into  a  coarse  paste 
which  is  afterwards  dried  ;  roch  cocoa  is  a  similar 
preparation  to  which  certain  proportions  of 
sugar  or  sugar  and  some  starchy  matters  have 
been  added.  Most  prepared  cocoas  consist  of 
mixtures  of  cocoa,  sugar,  and  starch  in  one  form 
or  another.  Thus,  in  the  case  of  Gibson  c. 
Loafer,  it  was  given  in  evidence  that  a  commer- 
cial cocoa  was  compounded  of  40  p.c.  cocoa,  44 
)i.c.  sugar,  and  10  p.c.  starch.  There  are,  how- 
ever, some  preparations  in  which  pure  cocoa 
deprived  of  the  greater  part  of  its  fat  is  offered 
to  the  public. 

Cliocolate  is  manufactured  from  cocoa  by 
grinding  it  into  a  paste  to  which  sugar  and 
flavouring  substances  such  as  vanilla,  cinnamon, 
<S;c.  are  adiled. 

Analysis  of  Trinidad  cocoa  nibs  (Bdl)  : — 


Moisture   5-23 

Fat   50-44 

Starch   4-20 

Albuminous  matter  soluble      .       .  ('i'30 

„             „     insoluble    .       .  (i'.lO 

Astringent  principle        .       •       .  O  'l 

Gum   217 

Cellulose   010 

Alkaloids   0-84 

Cocoa  red   2-20 

Indefinite  organic  matter  insoluble  .  5-80 

Ash         ......  2-75 


]0U00 

Fat  or  cocoa-butter  or  oleum  ihcobromoi. 
is  forms  about  one-half  of  the  wcfght  of  the 
;oa  seed.    It  is  a  white  solid,  soluble  in  boiling 
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alcohol,  from  which  it  crystallises  on  cooling;  it 
melts  at  about  30°C.  and  solidifies  at  23°.  At 
common  temperatures  it  is  brittle  with  a  smooth 
and  equal  fracture. 

Starch  is  not  very  abundant,  and  appears  to 
have  been  over  estimated  by  some  analysts, 
Wanklyn,  e.g.,  stating  the  amount  to  be  10  p.c. 
and  Muter  19  p.c. ;  Boussingault,  on  the  other 
hand,  found  2-4  and  2-5  p.c.  of  starch  and 
glucose. 

Albumin  is  present  in  the  insoluble  form, 
and  is  associated  with  cellulose  in  the  jsortion 
of  the  nib  left  after  continued  boiling  in  water. 

Astringoit  principle.  This  substance  is  of 
the  nature  of  tannin,  though  differing  from  the 
tannin  of  tea  and  coffee.  It  rapidly  changes 
during  analysis  to  cocoa-red,  which  renders  its 
quantitative  estimation  dil'licult.  It  is  precipi- 
tated by  subacetate  of  lead,  and  can  be  obtained 
after  removal  of  the  lead  by  sulphuretted  hydro- 
gen.   It  gives  a  green  precipitate  with  ferric 

Boasted  beans  after  rcmo 


chloride  not  unlike  caffeic  acid  under  similar 
treatment  (Bell). 

The  principal  alkaloid  of  cocoa  is  tlicohro- 
mine  C,H„N|0.,.  It  is  found  in  nearly  equal 
quantities  in  the  husk  and  nib  or  kernel  of  the 
bean.  Payen  found  2-0  p.c.  Mitscherlich  15 
p.c.  Wolfram  as  a  mean  of  six  analyses  1-56  p.c, 
Muter  0'9  p.c.  (v.  Tiieobkoimine). 

Cocoa-rccl  is  not  present  in  the  fresh  bean, 
but  arises  from  the  oxidation  of  the  natural 
tannin  of  the  seed.  It  consequently  appears  in 
different  quantities  in  different  cocoas.  It  has 
the  character  of  a  resin  and  exhibits  variable 
degrees  of  solubility,  probably  coinciding  with 
the  extent  of  oxidation  which  it  has  undergone. 

Ash.  The  ash  of  cocoa  nibs  is  estimated 
at  3  to  5  p.c.  ;  in  the  husk  it  is  much  higher. 
The  amount  soluble  in  water  is  remarkable. 

The  following  table  will  serve  to  show  the 
composition  of  several  kinds  of  cocoa  and  of 
the  ash  :  — ■ 

val  of  the  husk  {Heisch). 


nti-k 

Fat 

Nitrogen 

Albuminoiils 

Ask 

Asli 

.soluble 
iu  water 

Ash 
so'  uble 
ill  HCl 

H.PO, 
in  asli 

Moisture 

starch,  gum, 
cellulose,  &c. 

Caraccas  . 

13-8 

48-4 

1-7(5 

11-14 

3-93 

2-15 

1-80 

1-54 

4-.32 

3219 

Trinidad  . 

15-5 

49-4 

l-7(j 

1114 

2-80 

0-90 

1-90 

0-93 

3-84 

32-82 

Surinam  . 

15-5 

54-4 

l-7(i 

1114 

2-35 

0-80 

1-85 

1-23 

3-7(; 

28-35 

Guayaquil 

11-5 

49-8 

2-oi; 

1303 

•2-r>o 

1-75 

1-75 

1-87 

4-14 

30-47 

Grenada  . 

14-6 

4.5-6 

i-or. 

12  10 

2-4 

0-1)0 

1-80 

1-35 

3-90 

35-70 

Bahia 

9-6 

50-3 

117 

7-40 

2()0 

0-90 

1-70 

1-26 

4-40 

35-30 

Cuba 

120 

45-3 

1-37 

8-(i7 

2-90 

0-95 

1-95 

1-13 

3-72 

39-41 

Para 

8-5 

540 

200 

12-G(> 

3-05 

1-40 

1-65 

1-00 

3-96 

20-33 

Analysis  of  the  ash  of  cocoa  nibs  and  liiisks  {Bell). 


Sand  . 
Silica 

Sodium  Chloride 
Soda  Na,0 
Potash  K,0 
Magnesia  , 
Lime  . 
Alumina 
Protoxide  of  iron 
Carbonic  anhydride 
Sulphuric  do. 
Phosphoric  do. 


CO,, 
SO, 
P.,0, 


1 

Guayaquil  nibs 

2 

.Surinam  nibs 

3 

GrciKiiIa  nibs 

4 

Finest  Tiiniilad 
nibi 

5 

Finest  Triniilail 
husks 

5-12 

0-15 

2-87 

0-46 

0-53 

0-57 

0-65 

0-44 

0-46 

0-G3 

0-57 

0-83 

0-94 

23-35 

28-00 

27-64 

29-30 

37-89 

19-18 

20-66 

19  81 

18-23 

1304 

3-24 

4-38 

4-53 

6-51 

7-30 

0-10 

001 

0  03 

0-08 

0-55 

0-21 

0-38 

0-15 

0  10 

0  (53 

o-(;9 

3-31 

2-92 

419 

10-80 

2-75 

4-29 

4  53 

3-91 

3-25 

49-39 

37-78 

39  20 

36-20 

1717 

100-00 

100-00 

100-00 

100-00 

100-00 

The  following  table  shows  the  general  composition  of  commercial  cocoas  :- 
Anah/ris  of  comniei  cial  cocoas  (Bell). 


ri-e]iared 

eot-:oa 

Icelaiir 
moss 
cocoa 

iiock 
cocoa 

Flake 
cocoa 

Cocoa- 
tiiia 

Choco- 
latinc 

Finest 
Triiiidail 
nibs 

Cliocolat 
de  Sante 

Cocoa 
Extract 

Moisture 

4-95 

5-47 

2-58 

5-4') 

3-.52 

4-40 

2-60 

1-44 

5-76 

Fat 

24  94 

16-86 

22-76 

28-24 

23-98 

29-60 

51-77 

22-08 

29-50 

Starch  (added)  . 

19-19 

24-70 

17-56 

none 

none 

none 

none 

200 

none 

Sugar  (cane) 

23-03 

29-23 

32-20 

none 

none 

none 

none 

61-21 

none 

Non-fatty  cocoa  . 

27-89 

21-74 

24-90 

60-27 

72-.50 

66-00 

45-63 

13-27 

64-74 

100-00 

100-00 

100-00 1 10000 

100-00 

100-00 

100  00 

100  00 

100-00 

Vol.  I.— r 
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Wigner  exaiiiiiied  the  nitrogenous  con- 
stituents of  cocoa,  and  sliowcd  that  even  in  the 
very  best  samples  21-5  p.c.  of  the  nitrogenous 
matter  present  is  in  a  non-coagulable  form. 
Cocoa  therefore  ranks  lower  as  an  article  of  food 
than  has  often  been  supposed. 

The  importation  of  cocoa  has  increased 
rapidly  of  late  years,  the  figures  being : 

1800  ....     4,583,121  lbs. 
1870  ....     G,9-1H,102  „ 
1880  ....    10,r,(;G,l.'59  „ 
1887  ....    27,:«2,.5G8  „ 
It  is  subject  to  an  import  duty  of  one  penny 
per  lb. 

COCOA  NUT  OIL  v.  Oils. 

CODAMINE  V.  Vegeto-alkat-oids. 

CODEINE  ;i.  Vegeto-alkaloids. 

CffiLESTIN  V.  STi!ONTir>r. 

CCELINE  or  CERULEAN  BLUE  v.  Cobalt  ; 

also  PlOMLNTS. 

CGERULEUM,  Cceline,  v.  Cobalt. 
CCERULEIN,  Anthracene  green,  v.  Alizaris 

AND  ALI.IKD  CdLOCRINQ  SIATTKRS. 

CCERULIGNOL  C,„H,,0„.    A  colourless  oil  of 

a  burning  aromatic  taste  and  a  smell  resembling 
creosote,  obtained  from  beech  tar.  Boils  at 
240-241°,  sp.gr.  1-0564  at  15°.  It  is  somewhat 
soluble  in  water,  freely  soluble  in  alcohol,  ether, 
and  acetic  acid.  It  is  coloured  red  by  suliDhuric 
acid,  and  dark  brown  by  potash  in  contact  with 
the  air.  In  alcoholic  solution  it  gives  with  ba- 
rium hydrate  a  characteristic  deep-blue  coloura- 
tion. Ferric  chloride  in  alcoholic  solution  gives 
a  green,  in  aqueous  solution  a  deep-red  coloura- 
tion. Coerulignol  is  decomposed  on  treating 
with  hydrochloric  acid  at  145°,  according  to  the 
equation  C,„H,40,  +  HCl  =  C,,H,,02  +  CH.fil. 

COFFEE.  The  coffee-tree,  Coffca  arahica 
of  Linnreus,  is  a  plant  belonging  to  the  natural 
oi'der  Cinclwnaccar,  which  embraces,  according 
to  Lindley  and  Paxton,  two  species,  C.  arahica 
and  C  paniciilata.  Other  botanists  distinguish 
eight  other  species,  C.  microcarjxi,  C.  umbcllata, 
C.  acuminata,  C.  stibsessilis,  C.  lamniui,  C. 
racemosa,  C.  Bcngalensis,  and  C.  Indica.  Some 
of  these  are  probably  only  varieties.  However 
tliis  may  be,  three  species  distinct  from  each 
other  are  now  grown:  — (1)  Arabian  or  Mocha 
coiTce,  having  short  upriglit  branches  with  a 
brittle  leaf  and  seeds  usually  single  in  the  berries. 
(2)  Jamaica  coffee,  bearing  longer  and  more 
pliable  branches,  a  tougher  leaf,  and  seeds  almost 
always  double  in  the  berries.  (3)  East  India  or 
Bengal  coffee,  of  which  the  leaf  is  snuiller  than 
the  Jamaica  variety,  and  the  berry  very  small. 
Trees  growing  wild  in  the  Cingalese  jungle  attain 
a  height  of  14  to  18  feet ;  but  under  cultivation 
and  subjected  to  systematic  pruning,  the  plant 
rarely  exceeds  G  to  i)  feet.  AVithin  the  troi)ics 
the  coffee-tree  succeeds  best  at  1,200  to  8,000 
feet  above  the  sea-level,  but  grows  at  the  height 
of  G,000  feet.  When  the  mean  temperature  is 
about  70°,  it  may  be  grown  as  far  as  Lat.  3G°  N. 
It  is  cultivated  in  the  West  Indies,  Mexico, 
Central  America,  Brazil,  and  Cayenne ;  in  West- 
ern Africa,  Egypt,  Mozambique,  and  Natal;  in 
Arabia,  India,  Ceylon,  Sumatra,  Java,  Bourbon, 
Celebes,  and  other  parts  of  the  Eastern  Archi- 
pelago, Siam,  Fiji,  and  the  islands  of  the  Pacific. 
At  the  present  time  half  of  the  world's  supply 
comes  from  Brazil. 


The  manner  of  forming  plantations  varies 
somewhat  in  different  countries;  as,  for  instance, 
the  young  plants  may  be  reared  in  nurseries, 
whence  they  are  transplanted  to  their  permanent 
position,  or  they  may  be  gathered  out  of  the  old 
plantations ;  the  age  at  which  this  is  done  also 
varies,  as  in  Brazil  where  the  shrub  is  usually 
two  years  old  on  its  removal,  or  as  in  the  West 
Indies  where  it  is  planted  out  at  six  months. 
Fruit  is  produced  in  the  fourth  year,  and  con- 
tinues to  be  gathered  for  several  years. 

The  coffee-fruit  consists  of  a  saccharine  and 
somewhat  glutinous  pulp  containing  the  seeds, 
which  are  usually  double,  lying  face  to  face,  but 
sometimes  occurring  singly.  The  pulp  is  re- 
moved by  water  and  fermentation.  Each  seed 
is  inclosed  in  a  membranous  covering,  techni- 
cally termed  '  parchment,'  which  is  shred  from 
the  bean  by  rollers,  and  carried  away  by  winnow- 
ing. Coffee-beans  range  in  colour  from  greenish- 
grey  to  brown.  The  following  table  will  indicate 
the  variation  in  size: — 

No.  of  seeds  in  a  maosiire 
holding  60  grammes  of  water 


Fine  brown  Java  .       ,       .  187 

Fine  Mysore        .  .  198 

Fine  NeilgheiTy  .       ,       .  2(13 

Costa  Kica  ....  203 

Good  ordinary  Guatemala    .  207 

Good  La  Guayra  .       .       .  210 

Good  average  Santos  .       .  213 

Fine  long-berry  Mocha       .  217 

Good  ordinary  Java  .  223 

Fine  Ceylon  plantation       .  225 

Good  average  Bio        .       •  236 

Medium  j)lantation  (Ceylon)  238 

Manilla       ....  248 

Ordinary  Mocha  .       .       .  270 

West  African       .       .       .  313 


Coffee  undergoes  important  changes  in  the 
process  of  roasting,  the  object  of  which  process 
is  to  develop  its  aroma  and  to  destroy  its  tough- 
ness so  that  it  may  easily  be  reduced  to  poivder. 
Great  care  is  necessary  to  ensure  an  equable 
roasting  of  all  the  beans,  and  to  attain  the  exact 
point  at  which  torrefaction  should  cease.  If.  on 
the  one  liand,  rawness  is  not  removed,  the  flavour 
of  the  bean  is  not  developed  ;  on  the  other  hand, 
if  too  much  heat  is  permitted,  a  strong  enipyreu- 
matic  flavour  is  produced,  which  renders  the 
coffee  infusion  nauseous. 

The  chemical  composition  of  coffee  has  been 
investigated  by  many  chemists  with  somewhat 
variable  results.  Schriider  found  that  the  raw 
beans  distilled  with  water  in  a  retort  fommuni- 
cated  to  it  their  flavour,  and  rendered  it  turbid, 
whence  thej'  seemed  to  him  to  contain  some 
volatile  oil.  On  rcboiling  the  beans,  filtering, 
and  evaporating  the  liquor  to  a  syrup,  adding 
alcohol  till  no  more  matter  was  precipitated,  and 
then  drying  it,  he  found  17'58  of  a  transparent 
extract  of  a  yellowish-brown  colour,  which  con- 
stitutes the  characteristic  part  of  coffee,  though 
it  is  not,  in  that  state,  the  pure  proximate  prin- 
ciple called  cff/r(''"e  discovered  by  Kunge  in  1820 
{v.  Caitkine).  The  bean  also  contains  a  resin 
and  a  fatty  substance  resembling  suet,  tannic 
acid,  and  an  acid  which  has  been  named  caffeic 
or  caffetannic  acid. 

The  following  table  shows  the  composition  of 
I  raw  coffee  beans  from  various  districts : 
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0.  Lcvcsic  (Ar.  Ph.  [3]  8,  294). 


Gunniiy 
matter 

Cafi'cinc 

Pat 

Tannic  and 
caffetannic 
acid 

Cellulose 

Ash 

Potash 

Phos- 
phoric 

Finest  Jamaica  plantation 

25-3 

1-43 

14-76 

22-7 

33-8 

3-8 

1-87 

0-33 

Finest  green  Mocha  . 

22'6 

0'G4 

21"79 

231 

29-9 

4-1 

2  13 

0-42 

Ceylon  plantation 

23-8 

1-53 

14-87 

20-9 

30-0 

4  0 

0-27 

Washed  Eio 

27-4 

114 

15-95 

20-9 

32-5 

4-5 

0-51 

Costa  Eica 

20-G 

1-18 

21-12 

21-1 

33-0 

4-9 

0-46 

Malabar  .... 

25  8 

0-88 

18-80 

20-7 

31-9 

4-3 

0-60 

East  Indian 

24-4 

101 

17-00 

19-5 

36-4 

Commaille  (Moniteur  Scient.  [3]  6,  779)  found 
in  undressed  Mysore  coli'ee  : 
Hygroscopic  water  (extremes  of 

24  determinations)  .  ,  .  6-3  to  16-7 
Fatty  matters      ....  12-68 

Glucose  2-60 

Dextrin  — 

Legumin-casein  ....  1-52 
Albumen  ....  1-04 
Total  quantity  of  caffeine    .       .    0-42  to  1-31 

Ash  3-882 

Coffee  extract  with  cold  water     .  24-97 
,,        „    warm  water  .  37-20 
Coffee  extract  with  alcohol  of 

60  p.c.     .  ...  23-15 


Eoubiquet  and  Bontron  (J.  Ph.  23,  101)  found 
in  addition  to  fat,  extractive  matter,  and  caffeine, 
a  white  crystallisable  substance,  and  an  acid 
which  was  precipitated  by  acetate  of  lead. 

The  ash  of  the  following  parts  of  the  Brazilian 
coffee-tree  was  analysed  by  H.  Ludwig  (Ar.  Ph. 
[3]  1,  482),  viz.: 

I.  Root  of  a  young  tree  in  bearing. 
II.  Eoot  of  an  old  tree. 

III.  Leaves. 

IV.  Pulp  of  the  pericarp. 

V.  Parchment-like  coating  of  coffee-beans. 
VI.  Coffee-beans  grown  on  gneiss  soil. 
VII.  Coffee-beans  grown  on  limestone  soil. 


I. 

II. 

III. 

K,0  . 

16-24 

3-99 

14-95 

NaO  . 

2-18 

6-66 

1-13 

CaO  . 

27-04 

38-04 

20-82 

i\lgO  . 

4-15 

5-39 

7-96 

Fe,0,  . 

3-89 

5-03 

3-58 

Mn  0,  . 

0-44 

trace 

0-40 

Al  (j,  . 

7-85 

1-59 

9-11 

SiO.,'  . 

616 

1-23 

9-60 

CO,'  . 

27-55 

25-16 

21-03 

p.,d,  . 

2-28 

n-30 

6-23 

so,  . 

2  26 

1-38 

3-99 

CI 

I 

1-05 

0-25 

1-56 

100-59 

100-02 

100-36 

IV. 

15-  56 
trace 

16-  83 
5-63 

11-38 
trace 
trace 
15-16 
20-13 
9-99 
3-94 
1-34 
0-88 

100-84 


15-  87 
5-10 

21-92 
4-62 
7-12 

4-19 
9-25 
13-28 

16-  70 
1-95 

trace 


100-00 


VI. 

14-  13 
5-84 
8-64 
8-14 

16-54 
trace 
2-78 
1-65 
8-34 
18-65 

15-  28 
trace 


99-99 


VII. 

44-03 
5-85 
4-89 
8-01 
1-96 
trace 
trace 

0-  37 
21-24 
10-54 

1-  64 
0-98 


99-51 


From  this  table  it  appears  that  the  phosphoric  I 
acid  in  young  trees  increases  from  the  root  to 
the  fruit  and  its  separate  parts.  The  increased 
proportion  of  phosphoric  acid  in  the  roots  of  old 
as  compared  with  those  of  young  trees  is  very 
remarkable. 

Graham,  Stenhouse,  and  Campbell  inferred 
that  sodium  compounds  were  absent  in  coffee- 
beans.  This  supposition  is  not  confirmed  by  the 
above  table,  wherein  a  considerable  quantity  is 
sliown  to  be  present.  Ludwig  found  that  silica 
increased  in  amount  from  the  root  to  the  leaves 
and  pulp,  decreased  in  the  j^archment,  and  en- 
tirely disappeared  in  the  bean.  The  influence 
of  soil  may  be  noted  in  columns  VI.  and  VII. 

Roasted  coffee. — When  roasted  to  a  yellowish- 
brown,  coffee  loses,  according  to  Cadet,  12.\  p.c. 
of  its  weight,  and  is  in  that  state  difficult  to 
grind.  When  roasted  to  a  chestnut-brown  it 
loses  18  p.c,  and  when  it  becomes  entirely  black, 
though  not  all  carbonised,  it  has  lost  23  ]).c. 


I  Schriider  has  analysed  roasted  coffee  compara- 
tively with  raw  coffee,  and  he  found  in  the  first 
12  V  p.c.  of  an  extract  of  coffee  soluble  in  water 
and  alcohol,  which  possesses  nearly  the  projierties 
of  the  extract  of  raw  coffee,  although  it  has  a 
deei)er  brown  colour,  and  softens  more  readily  in 
the  air.  He  found  also  about  10-4  p.c.  of  a 
blackish-brown  gum ;  5-7  p.c.  of  an  oxygenated 
extract,  or,  rather,  apotlicmc,  soluble  in  alcohol, 
insoluble  in  water  ;  2  p.c.  of  a  fatty  matter  and 
resin  ;  69  p.c.  of  burnt  vegetable  fibre,  insoluble. 
On  distilling  roasted  coffee  with  water,  Schriider 
obtained  a  product  which  contained  the  aromatic 
principle  of  coffee;  it  reddened  litmus  paper  and 
exhaled  a  strong  and  agreeable  odour  of  roasted 
coffee.  If  coffee  is  roasted  in  a  retort,  the  first 
portion  of  the  aromatic  principle  condenses  the 
yellow  liquid  in  the  receiver;  and  this  may  be 
added  to  the  coff'ee  roasted  in  the  common  way 
from  which  this  matter  has  been  expelled  and 
dissipated  in  the  air.    Chenevix  aflirmed  that  by, 
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the  roasting  of  coffee  a  certain  quantity  of  tannin 
possessing  the  property  of  precipitating  gelatine 
is  generated.  Cadet  made  the  same  observation, 
and  found,  moreover,  that  the  tannin  was  most 
abundant  in  the  lightly  roasted  colTee,  and  that 
there  was  little  of  it  in  coffee  highly  roasted. 
Passe  and  Schriider,  on  the  contrary,  stated  that 
solution  of  gelatine  does  not  precipitate  either 
the  decoction  of  roasted  colTce  or  tlie  alcoholic 
extract  of  the  coiTee.  liunge  could  obtain  no 
prccijjitate  with  gelatine ;  but  he  says  that 
albumen  precipitated  from  the  decoction  of 
roasted  colTee  the  same  kind  of  tannin  as  is 
precipitated  from  raw  coffee  by  lead  acetate 
(Ure). 

Coffee  is  injured  when  rcastedto  such  a  degi'eo 
fas  to  lose  20  p.c.  of  its  weight.  Since  the  tine 
essential  oil  rapidly  escapes  after  the  bean  is 
broken  up,  coffee  should  not  be  ground  until 
required  for  infusion. 

0.  Bernheimer  (W.  A.  B.  [2  Abth.]  81, 
1032-1042)  found  tliat  during  the  roasting  of 
coffee,  water  vapour  is  first  given  off,  then  sud- 
denly an  evolution  of  carbonic  anhydride,  and 
distillation  of  volatile  substances  commences. 
The  distillate  consists  of  an  aqueous  liquid  and 
a  sohd  part.  The  former  contains  caffeine, 
caffeol,  acetic  acid,  quinol,  methylamine,  and 
acetone;  the  latter  consists  of  fatty  acids,  chietiy 
palmitic.  Pyrrol  escapes  during  roasting.  Of 
fatty  acids  0-48  p.c.  of  the  coffee  employed  was 
volatilised;  of  caffeine  0-18  p.c;  and  of  caffeol 
0-05  p.c. 

Lernheimer  found  that  raw  coffee  beans 
(50  kg.)  n)a!?led  in  a  revolving  drum  yielded  a 
liquid  distillate  (5  1.),  and  a  solid  portion 
(080  g.)  floating  thereon.  The  uncondensable 
vapoure  contained  carbonic  anhydride,  and,  on 
passing  them  through  dilute  liydrochloric  acid, 
a  resinous  body  was  deposited,  having  the  ap- 
pearance of  pyrrol-red. 

A.  Liquid  distillate. — The  crude  liquid  dis- 
tillate filtered  from  solid  particles  has  a  yellow 
colour  and  the  fragrant  odour  of  coffee.  On 
agitating  it  with  ether,  and  evaporating  the 
ethereal  extract  over  the  water-bath,  a  dark 
heavy  oil  was  obtained,  smelling  like  cotToe, 
and  yielding,  on  redistillation,  first  a  few  drops 
of  liquid  ha\  ing  the  odour  of  acetone,  afterwards, 
for  the  nio.st  part,  acetic  acid  and  water.  The 
thermometer  then  rose  quickly  to  20(>'',  above 
wliich  point  tliere  passed  over  an  oil  smelling 
like  coffee,  the  temperature  at  the  same  time 
rising  to  800°.  Above  this  point  there  passed 
over  a  very  small  quantity  of  liquid,  which 
inunediatcly  solidified  to  a  mass,  liaving  the 
buttery  aspect  and  rancid  odour  of  the  hi;j;her 
fatty  acids.  This  portion,  and  the  liijuiii  which 
passed  over  from  200^  to  800  ,  were  neutralised 
with  sodium  carbonate,  whereupon  a  thick  dark 
coloured  oil  was  thrown  down,  which  was  sepa- 
rated from  the  supernatant  liquid  by  means  of  a 
lap-funnel,  and  washed  with  water  rendered  very 
slightly  alkaline  by  potash. 

The  alkaline  wash-waters  contained  no  fatty 
acids,  but,  when  acidulated  with  sulphuric  acid 
and  asitatrd  with  ether,  they  yielded  a  substance 
which,  after  evaporation  of  the  ether,  filled 
tlie  liquid  with  a  pulp  of  crystals,  and  after 
precipitation  crystallised  in  colourless  needles 
tehibiling  the  characters  of  qiiiiiol  (m.p.  171°; 


converted  into  quinhydrone  by  the  action  of 
ferric  chloride). 

The  oil  above  mentioned,  designated  by 
Bernheimer  as  caffeol,  was  dried  over  calcium 
chloride  and  fractionally  distilled,  the  greater 
I  part  passing  over  from  195°  to  197°.  The  dis- 
tillate smells  very  strongly  of  coffee,  is  ap- 
parently insoluble  in  cold  water,  but  imparts  to 
it  the  characteristic  odour ;  slightly  soluble  in 
hot  water,  very  slightly  in  aqueous  potash,  very 
easily  in  alcohol  and  ethci-,  the  alcoholic  solu- 
tion giving,  with  ferric  chloride,  a  red  coloura- 
tion, which  does  not  disappear  on  addition  of 
sodium  carbonate.  Anal\ .  is  led  to  the  formula 
CsH|„Oo.  Caffeol  is  oxidised  by  chromic  acid 
mixture,  without  formation  of  any  definite  pro- 
ducts. By  fusion  with  potash  it  yields  salicylic 
acid.  The  portion  of  the  crude  liquid  distillate 
not  taken  up  by  ether,  when  concentrated  over 
the  water-bath,  yielded  groups  of  needle-shaped 
crystals,  exhibiting  the  composition  and  pro- 
perties of  caffeine  C^Yl^^fi.,  (0-28  p.c.  of  the 
coffee).  The  mother-liquor  was  found  to  con- 
tain mcthijlamine  and  triiitetlii/lamiiie. 

B.  Solid  distillafc.— The  black  mass  floating 
on  the  crude  liquid  distillate  was  found,  by  a 
preliminary  examination,  to  consist  of  a  mixture 
of  the  higher  fatty  acids.  By  saponification,  and 
treatment  of  the  product  by  Heintz's  method  of 
separation,  this  mixture  yielded,  as  chief  con- 
stituent, palmitic  acid  melting  at  60°,  and  a 
very  small  quantity  of  another  acid  having  a 
melting-point  a  few  degrees  higher  than  that  of 
lauric  acid. 

Dctcciion  of  chicory  i»i  ground  coffee. — 
Chicory  may  generally  be  detected  by  sprinkling 
the  ground  mixture  on  cold  water,  when  nearly 
tlie  whole  of  the  coffee  floats  whilst  the  chicory 
separates  and  sinks  to  the  bottom,  colouring  the 
liquid  brown.  If  exani'iicd  under  the  micro- 
scope the  sediment  of  chicory  which  roaches  the 
bottom  of  the  vessel  nill  be  found  to  exhibit  the 
characteristic  loose,  large  cells,  with  dotted  ves- 
sels and  brandling  lactiferous  ducts.  Even  to 
tlie  touch  the  dilfereiice  is  evident,  for,  whilst 
chicoi'y  under  these  conditions  will  feel  soft  and 
even,  the  coffee-grains  remain  hard  and  gritty. 

A.  Winter  Blytli  (Foods ;  their  Composition 
and  Analysis,  3.50)  gives  the  following  sum- 
mary of  the  influence  of  chicory  on  the  coffee 
mixture :  — 

(1)  It  decreases  the  gum,  the  latter  seldom 
rising  in  chicory  to  more  than  1-5  p.c,  whilst  in 
coffee  it  has  not  been  found  less  than  from  21 
to  28  p.c. 

(2)  It  increases  in  sugar,  roasted  coffee 
liaving  seldom  so  mnch  as  2  p.c.  of  sugar; 
whilst  chicory  when  roasted  has  at  least  &  or  9 
p.c. 

(3)  It  decreases  the  fatty  matter,  the  fat  of 
chicory  ranging  from  1  to  over  2  p.c,  that  of 
coffee  being  about  14  to  over  20  p.e. 

(4)  It  decreases  the  tannic  and  caffeotannic 
acids,  chicory  being  destitute  of  tannin. 

(5)  It  decitascs  the  caffeine,  chicory  pos- 
sessing no  alkaloid. 

(())  It  profoundly  modifies  the  constitution 
of  the  ash,  especially  by  introducing  silica,  which 
is  not  found  to  any  great  extent  in  coffee-ash. 

Graham,  Stenhouse,  and  Campbell  laid  stress 
upon  the  presence  of  silica  as  a  means  of  detcc- 
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tion    of  the    admixture    of    chicory.  Their 
analysis,  showing  the  principal  difl'erencfs  in 
the  composition  of  the  resjjective  ashes,  giving  : 
lu  coffee  ash.      In  chicory  ash. 

Silica  and  sand    .    10-69  to  3.5.8.5 

Carbonic  acid       .  14-92  1-78  to  3-19 

Sesquioxide  of  iron  0-11  to  0-98  3-13  to  5-32 
Chlorine       .       .    0-2G  to  1-11     3  28  to  4-93 

According  to  F.  M.  Eimmington  (Ph.  J.  Trans. 
[3]  11,  529),  chicory  and  dandelion  may  be  de- 
tected in  coffee  by  treating  it  with  bleaching- 
jjowder,  after  previous  boiling  with  sodium  car- 
bonate and  washing  with  water  to  remove  ex- 
tractive matter.  By  this  means  chicory  and 
dandelion  are  bleached,  whilst  coffee  undergoes 
little  or  no  change. 

The  presence  of  leguminous  seeds  and  cereals 
may  be  detected  by  boiling  the  sample  with 
animal  charcoal  and  water,  filtering  and  testing 
for  starch  in  the  cold  liquid  with  iodine.  Neither 
coffee  nor  chicory  contains  starch.  To  determine 
to  what  vegetable  the  starch  belongs  recourse 
must  be  had  to  the  microscope. 

COGNAC  V.  Brandy. 

COKK  V.  Fuel. 

COLCHICINE  V.  Vegeto-alkaloids. 

COLCHICUM.  Meadoiv  saffron.  {Colchiqiie, 
Fr.  ;  llcrbstzeitluse,  Ger.)  The  corm  or  seeds  of 
the  Colcldciim  autumnalc  (Linn.,  Bentl.  a.  T., 
288).  This  plant  is  found  in  mea.dows  and 
pastures  throughout  Europe,  where  its  crocus- 
like flowers,  usually  of  a  lilac  hue,  make  their 
appearance  in  September  and  October. 

Colchieum  is  a  poisonous  drug  long  known  to 
medicine.  It  has  been  subject  to  repeated  in- 
■vestigation  with  a  view  to  isolate  its  active  con- 
stituent or  constituents.  Among  earlier  in- 
quiries are  those  of  Melander  and  Moretti,  1810 
(Bl.  Ph.  2,  217) ;  Stoltze,  1818  (B.  .J.  19,  107  ;  20, 
13.5)  ;  Pelletier  a.  Caventou,  1820  (A.  Ch.  (2)  14, 
69 ;  J.  Ph.  6,  3li4) ;  Buchner,  1832  (11.  P.  43,  370). 
Besides  substances  common  to  plants,  such  as 
starch,  gum,  cellulose,  sugar,  oil,  resin,  Ac,  the 
older  workers  detected  a  bitter  extractive  ijos- 
sessing  physiological  activity,  and  Pelletier  and 
Caventou  regarded  it  as  containing  gallate  of 
veratrine.  Geiger  a.  Hesse,  in  1833  (A.  7,  274), 
showed,  however,  that  the  bitter  alkaloidal  com- 
pound, which  they  describe  as  crystalline,  has 
properties  quite  distinct  from  veratrine,  and  they 
gave  it  the  name  colchicine.  It  is  faintly  alka- 
line, is  sparingly  soluble  in  water,  but  dissolves 
readily  in  alcohol  and  chloroform,  the  latter 
extracting  it  from  its  aqueous  sohitioii  ;  the 
dry  compound  strikes  a  deep  violet  to  blue 
colour  with  concentrated  nitric  acid,  and  its 
aqueous  solution  is  precipitated  brown  by  tinc- 
ture of  iodine,  yellow  by  platinum  chloride 
solution,  and  wliite  by  tannic  acid.  The  corm 
yields  less  than  0-1  p.c.  of  colchicine.  The 
subject  is  further  studied  by  Aschoff  (Ar. 
Ph.  [31  89,  4)  ;  Bley  (Ar.  Ph.  [3]  89,  18)  ; 
Hiibschmann  (Ar.  Ph.  f3J  92,  330)  ;  and  Oberlin 
(A.  Ch.  [3]  1,  108).  The  last  mentioned  ob- 
server, by  the  action  of  dilute  acids,  succeeded 
in  breaking  colchicine  up  into  a  new  alkaloid 
colchiceTiie  and  other  products.  This  compound 
was  obtained  in  colourless  laminas  or  needles 
sparingly  soluble  in  cold,  more  so  in  boiling 
■\vater,  readily  in  alcohol  and  chloroform,  in- 


soluble in  ether  or  benzene.  Full  directions  for 
extracting  colchicine  from  the  crude  drug,  and 
its  conversion  into  colchiceine  are  given  by 
Hertel  (P.  Z.  188) ,  245),  who  observes  that  when, 
exposed  to  the  air  colchiceine  gives  off  ammonia 
and  water,  and  is  converted  successively  into 
two  resins  :  (a)  colcliico-resin  C.iH^dN.jO^  ('?),  and 
(/3)  colchico-resin  C|,H.jj,NO,||  (?).  These  resins 
are  formed  in  the  official  wine  of  colchieum,  but 
are  not  indications  of  therapeutical  deterioration, 
for  they  possess  eijual  medicinal  value  with  the 
alkaloid  from  which  they  are  derived. 

Important  contributions  to  the  chemistry  of 
colchicine  and  colchiceine  have  recently  been 
made  by  Zeisel  (M.  4,  162;  7,  557 ;  9,  1  ;  9,  865).: 
After  reviewing  previous  work,  this  observer 
assigns  to  colchicine  the  formula  C_„H,,NO,;.  It 
melts  at  about  145"  and  forms  a  characteristic 
crystalline  compound  with  chloroform  C,.,H.,.NO„, 
2CHC1,  (Houde,  C.R.  98,  1442  ;  Zeisel,  C.  11.  98, 
1587).  Colchicine  is  slightly  basic,  forming  a 
gold  salt  (C,,,H,,NO„)HAuCl,.  Methjjl  colchicine 
C._,.H,,jMeNO„  has  also  been  obtained.  In  the 
conversion  of  colchicine  into  colchiceine  CH^GH 
is  evolved,  and  the  new  alkaloid  has  the  com- 
position (C.,H,:,NO„)_J4,0.  It  melts  at  139-141°, 
loses  its  water  of  crystallisation  at  140-150°, 
becoming  solid,  and  on  further  application  of 
heat  the  anhydrous  alkaloid  softens  at  161°  and 
melts  at  172°.  Colchicine  appears,  therefore, 
to  be  a  methylcolchiceine.  When  colchicine  is 
treated  with  concentrated  hydrochloric  acid  the 
reaction  does  not  stop  with  the  formation  of 
colchiceine  by  the  displacement  of  one  methyl 
group  ;  but  this  is  accompanied  by  that  of  an 
acetyl  radicle  leaving  an  cLcid  C|,|H,|NO^  or 
(C,„H,,„NO.,)COOH.  In  the  further  progress  of 
the  reaction  this  compound  loses  another 
methyl  group  giving  rise  to  a  second  acid 
(C,;H„NO.,)COOH,  and  finally  by  the  displace- 
ment of  two  additional  methyl  groups  colchicinic 
acid  (C,,H,,NOJCGUH  is  obtained.  The  second 
acid  described  is  therefore  dimethyl  colchicinic 
add,  and  the  first  acid  trimethyl  colchicinic  acid  j 
while  colchiceine  is  regarded  as  acetyl  trimethyl 
colchicinic  acid  and  colchicine,  which  does  not 
possess  acid  properties,  as  the  methyl  ether  of 
colchiceine.  Colchiceine  is  basic,  forming  the 
f/old  salt  C,^|H2,|N0„HAuCl,,  but  it  is  also  acid, 
or  at  least  phenolic,  giving  rise  to  the  copper 
derivative  (Co|H_.._,N0,^)2Cu,  5H.0.  The  acid  pro- 
perty of  colchiceine  is  further  apparent  in  the 
readiness  with  which  it  combines  with  alkalis. 
By  treatment  with  methyl  iodide  and  sodium 
methylate  colchiceine  may  be  reconverted  into 
colchicine. 

Colchieum  is  a  favourite  remedy  in  the 
treatment  of  gout  and  rheumatism.  It  acts 
as  an  irritant  of  the  alimentary  canal  and 
kidneys,  being  a  purgative  and  diuretic,  and  in 
large  doses  these  symptoms  become  more  and 
more  violent  until  a  fatal  result  follows.  The 
action  is  cumulative  (Mairet  a.  Combemerle, 
C.  E.  104,  439,  515).  Post  mortem  examinatiori 
of  the  stomach  contents  by  treatment  v.'ith 
alcohol,  and  purification  of  the  extract  ob- 
tained by  fresh  treatment  with  alcohol  or  with 
chloroform,  and  then  the  application  of  the 
nitric  acid  and  other  tests,  may  be  adopted  in 
cases  where  death  is  supposed  to  have  been 
caused  by  colchieum.    Cf.  Dannenberg  (Ar.  Ph. 
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[3]  8,  411;  10,  97),  and  Van  Geldern  (Ar.  Ph. 
[3]  9,  32). 

Fluckigcr  (Ph.  [3]  7,  372)  recommends  the 
colour  reactions  which  an  alcohohc  extract  of 
colchicum  corms  gives  with  mineral  acids  as  a 
delicate  means  of  detecting  those  acids. 

A.  S. 

COLCOTHAK.  The  reddish-brown  residue  of 
ferric  oxide  obtained  in  the  manufacture  of 
fuming  oil  of  vitriol. 

COLLIDINE  V.  BoN-E  oil. 

COLLODION  V.  PnoTOGUArnY. 

COLLOTYPE  V.  PHOToonArnY. 

COLOCYNTH.  Bitter  apple.  {Coloquinte, 
Fr. ;  Koloquinthe,  Ger.) 

The  fruit,  peeled,  dried,  and  freed  from  seeds, 
of  the  Citrullus  Golocynthis  (Schrader)  a  climb- 
ing plant  of  the  gourd  family,  inhabiting  the 
warm  dry  districts  of  the  Old  World ;  India, 
Persia,  Arabia,  Syria,  and  the  African  and  Euro- 
pean shores  of  the  Mediterranean.  C/.  lientl.  a. 
T.  114. 

Colocynth  was  well  known  to  Greek,  Eoman, 
and  Arabian  medicine,  and  in  the  form  of  solid 
extract  enters  into  many  of  the  purgative  pills 
of  modern  pharmacy.  It  was  chemically  exa- 
mined early  in  the  century,  amongst  others  by 
Vauquelin  (J.  Phys.  84,  338) ;  Braconnot  (J.  Ph. 
10,  410)  ;  Herberger  (R.  P.  35,  3G8)  ;  Bostick 
(Ph.  10,  289) ;  and  Meissner  (Pereira,  Mat. 
Med.  3rd  ed.  2,  1737).  It  was,  however,  Walz  in 
1858  who  first  isolated  an  active  constituent, 
colocyntJiin,  from  the  drug  (Ar.  Ph.  9C,  241 ;  99, 
338;  J.  1858,  531;  18(51,  757).  The  alcoholic 
extract  is  treated  with  water,  the  aqueous  solu- 
tion precipitated  by  acetate  and  sub-acetate  of 
lead,  and  the  clear  liquid  thus  obtained  after 
being  freed  from  lead  by  sulphuretted  hydrogen 
is  precipitated  by  tannic  acid.  The  precipitate 
dissolved  in  alcohol  is  freed  from  tannic  acid  by 
treatment  with  basic  acetate  of  lead,  and  the 
crude  colocynthin  thus  obtained  is  finally  puri- 
fied by  washing  with  ether.  Cf.  Lebourdais 
(A.  Ch.  [3]  24,  58)  and  Henke  (Ar.  Ph.  221,  200). 

Colocynthin  is  a  sticky  mass,  brittle  when 
dry  (Henke),  is  indistinctly  crystalline  (Walz). 
It  has  an  intensely  bitter  taste,  and  acts  as  a 
drastic  purgative.  Walz  assigns  to  it  the 
formula  C-„.H,|0._,.,.  Water  and  alcohol  dissolve 
it,  but  it  is  insohible  in  ether,  chloroform,  and 
most  other  solvents.  Yield  from  the  drug  O'G 
p.c.  (Henke).  The  aqueous  extract  reduces 
Fehling's  solution.  With  concentrated  acids 
colocynthin  gives  colour  reactions :  with  sul- 
phuric acid,  deep  red ;  nitric  acid,  bright  red ; 
hydrochloric  acid,  bright  yellow.  For  other 
tests  V.  Johannsou  (Fr.  24,  154).  According 
to  Walz,  colocynthin  is  a  glucoside  breaking 
up  by  treatment  with  dilute  acids  into  glu- 
cose, and  a  resinous  product  coloci/iithc'in.  The 
same  observer  obtained  from  the  alcoholic  ex- 
tract of  colocynth  a  crystalline  substance,  in- 
soluble in  water  but  soluble  in  ether,  which  he 
named  colocynthitm. 

It  has  been  sometimes  required  to  search  for 
colocynth  in  beor  v.  DragendorlY  (Ch.  Centr.  1881, 
285,  29;i).  A.  S. 

COLOGNE  YELLOW  v.  Chromium. 

COLOPHAN  r.  ()r,i:o-itKsiNs. 

COLOPHANTHRENES  r.  Kksins. 

COLOPHENE  CAMPHOR  v.  Cami'hors. 


COLOPHONY  f.  REsncg. 
COLOPTENE  r.  Kksixs. 

COLORIMETERS,  CHBOMOMETERS,  or 
CHROMATOMETERS.  These  instruments,  the 
use  of  which  has  very  largely  increased  during 
recent  years,  are  employed  in  quantitative 
analysis  for  determining  the  relative  intensity 
of  colour  of  substances  either  in  solution  or  iu 
the  dry  way. 

A  useful  device  introduced  by  Dupr6  (An. 
5,  123)  may  be  mentioned  under  this  heading. 
In  the  volumetric  estimation  of  silver  with 
potassium  chromatc  as  an  indicator,  especially 
when  the  solution  is  weak,  it  is  somewhat  dilli- 
cult,  on  account  of  the  original  yeUow  colour  of 
the  solution,  to  observe  the  first  tinge  of  red  pro- 
duced by  the  formation  of  the  silver  chromate. 
Dupre  interposes,  between 
the  eye  and  the  tost  liiiuid, 
a  flat  glass  cell  (of  which 
the  faces  are  about  half  an 
inch  apart)  containing  a 
solution  of  potassium  chro- 
mate of  such  strength  as 
will  neutralise  the  colour  of 
the  test  liquid,  which  thus 
appears  perfectly  colourless, 
and  in  which  the  faintest 
appearance  of  red  is  readily 
visible.  The  cell  filled  with 
other  liquid  may  be  similarly 
adopted  in  many  other  titra- 
tions. 

A  useful  colorimeter  for 
general  purposes,  devised 
by  Mills,  is  shown  in  fig.  1. 
It  consists  of  a  glass  jar 
closed  above  by  a  cap  of 
which  the  length  is  sufficient 
to  cover  the  top  of  the  liquid. 
The  cap  is  perforated  in  the 
middle  and  carries  a  short 
tube  in  which  slides  a  glass 
rod  bent  as  shown,  and  sup- 
porting, exactly  at  right 
angles  to  the  axis  of  the  jar, 
a  flat  circular  opaque  white 
disc.  In  the  bottom  of  the 
jar  are  laid,  one  above 
another,  a  red  and  a  green  Fig. 
glass  disc  which  form  a 
black  background  to  the  white  disc, 
examining  solutions  of  certain  colours,  a  back- 
ground of  a  colour  other  than  black  may  be 
advantageous,  and  the  white  disc  itself  may  be 
covered  by  a  coloured  plate.  The  white  disc  is 
lowered  to  the  bottom  of  the  jar  by  moving  its 
rod,  and  the  jar  is  filled  to  exactly  100  divisions 
with  a  standard  li()uid.  The  standard  used  may 
be  of  the  same  composition  as  the  liquid  under 
examination,  or  may  be  made  of  any  suitable 
materials,  but  its  colour  must  be  identical  in 
qualitij  with  that  of  the  liquid  tested,  and  its 
value  per  unit  volume  in  terms  of  the  substance 
estimated  must  be  accurately  known.  Thus, 
the  permanent  standards  used  iu  the  estimation 
of  combined  carbon  in  steel  are  generally  made 
of  mixed  solutions  of  metallic  salts,  and  in  the 
estimation  of  ammonia  in  water  a  solution 
coloured  with  caramel  and  a  little  aniline  red 
has  been  used  (Leeds,  C.  N.  37,  229). 
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The  white  disc  is  raised  until,  on  looking 
vertically  down  through  the  liquid  at  the  disc, 
the  depth  of  tint  appears  suitable.  A  second 
apparatus  is  then  filled  to  100  divisions  with  the 
liquid  to  be  tested,  and  its  disc  is  adjusted  until 
the  colours  of  the  columns  of  liquid  in  the  two 
jars  appear  of  equal  intensity.  The  lengths  of 
these  columns  are  noted,  and  the  comparison  is 
repeated,  using,  preferably,  a  different  length  of 
column  of  the  standard. 

The  relative  strength  of  the  solutions  varies 
inversely  as  the  lengths  of  tlie  columns,  so  that 
if  1  c.c.  of  the  standard  solution  correspond 
with  X  parts  by  weight  of  the  substance  esti- 
mated, the  weight  of  that  substance  in  1  c.c.  of 
the  test  solution  will  be 

length  of  column  of  standard  solution  x  x 
length  of  column  of  test  solution. 

If  the  strength  of  the  standard  differ  by  more 
than  10  p.c.  from  that  of  the  test  liquid,  it  is 
advisable  to  dilute  one  or  other  before  com- 
parison. 

By  placing  on  the  white  disc  a  small,  black, 
hemispherical  button,  this  instrument  may  be 
used  for  determining  the  strength  of  turbid  solu- 
tions, such  as  milk,  or  for  ascertaining  the 
amount  of  a  precipitate  suspended  in  a  liquid. 
Milk  is  diluted  before  examination  with  09  parts 
of  water,  and  is  compared  with  a  similarly  dilu  ted 
milk  of  known  strength,  the  disc  with  the  button 
being  adjusted  in  each  tube  as  above  until  just 
invisible. 

For  the  examination  of  precipitates,  a  solu- 
tion of  considerable  suspensory  power  is  prepared 
by  dissolving  100  grams  of  gelatine,  100  grams 
glacial  acetic  acid,  and  1  gram  of  salicylic  acid 
(to  prevent  decomposition  of  the  gelatine  by 
keeping)  in  1  litre  of  distilled  water. 

Tire  solution  is  clarified  witli  white  of  egg 
and  filtered  hot.  For  estimation  of  sulphuric 
acid,  this  solution  is  charged  with  barium  clilor- 
ide,  and  is  added  to  a  weak  standard  solution 
of  sulphuric  acid  or  a  sulishate,  and  to  the  solu- 
tion to  be  tested,  the  two  turbid  liquids  being 
then  compared  as  above.  By  the  use  of  other 
reagents,  lime,  zinc,  and  a  large  number  of 
other  substances  may  be  estimated.  The  slight 
alteration  in  the  level  of  the  liquid  caused  by 
the  varying  length  of  the  sliding  tube  contained 
in  the  liquid  when  adjusting  the  height  of  the 
white  disc  is  found  by  experiment,  and  a  correc- 
tion must  be  introduced  into  the  calculation  for 
variations  of  more  than  two  or  three  divisions. 
A  very  useful  colorimeter,  especially  designed 
for  the  estimation  of  carbon  in  steel,  but  of 
course  available  for  other  purposes,  has  been 
introduced  by  Stead  (Proc.  Iron  and  Steel  Inst. 
1883,  No.  1,  213).  A  similar,  but  more  con- 
venient apparatus,  devised  by  Ilidsdale  (S.  C.  I. 
188G,  580)  is  shown  in  fig.  2.  Three  glass 
tubes,  each  fitted  below  with  a  small,  opaque, 
white  cylinder,  are  placed  beneath  a  movable 
mirror,  in  a  stand  which  may  be  turned  to  any 
position  upon  its  weighted  base.  The  central 
tube  is  removable  and  is  closed  below,  the 
outer  tubes  are  drawn  out  and  j^ass  through 
india-rubber  corks  into  ruby  glass  bottles,  con- 
taining standard  solutions  of  different  strengths. 
Each  bottle  has  a  tube  with  a  stopcock  through 
which  the  liquid  may  be  introduced  or  removed, 


and  each  is  connected  by  a  flexible  tube  with  a 
syringe. 

The  liquid  under  examination  is  introduced 
into  the  central  tube,  and  by  working  the 
syringes  the  standard  solutions  are  raised  in 
their  tubes  until  the  intensity  of  colour  in  each 
tube,  as  seen  by  looking  into  the  mirror  which 
is  adjusted  to  reflect  the  light  passing  upwards 
through  the  tubes,  is  identical.    Two  distinct 


Fig.  2. 


comparisons  are  thus  simultaneously  made,  and, 
by  noting  the  height  of  each  column  by  means 
of  the  sliding  pointer,  the  strength  of  the  tested 
liquid  may  be  ascertained  from  the  formula 
already  given.  A  very  important  advantage  of 
this  apparatus  is  that  every  part  excei^t  the 
central  tube  is  cleansed  and  re-charged  without 
disconnection. 

Eidsdale  (S.  C.  I.  1888,  70)  has  devised  an 
apparatus  which  serves  for  the  examination  of 
liquids  of  deeper  tint  than  are  available  in  the 
foregoing  apparatus.  The  inner  tube  (fig.  3)  is 
sealed  below,  the  side  tubes  are  perforated  at 
the  bottom.  Each  tube  contains  a  loose  white 
opaque  plug,  and  each  is  held  at  any  height  by 
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a  movable  jaw  pressed  against  it  by  an  india- 
rubber  band. 

The  centre  tube  is  charged  with,  say,  10  divi- 
sions of  the  standard  solution,  and  the  test 
liquid  is  run  into  one  of  the  side  tubes,  whence 
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it  passes  at  once  into  the  lower  tube.  Wlien 
this  is  nearly  filled,  it  is  gradually  raised  to 
bring  a  portion  of  its  contents  into  the  upper 
tube,  until,  on  looking  down  vertically,  the 
colours  in  the  upper  side  tube  and  in  the  stan- 
dard tube  are  of  identical  intensity.  The  calcu- 
lation is  made  as  already  described.  The  lower 
tube  beneath  the  standard  tube  must  be  raised 
with  that  of  the  side  tube  in  order  to  equalise 
the  elTect  of  the  double  thickness  of  glass. 
AVheu  the  solutions  to  be  tested  differ  widely  in 
tint,  the  standard  tube  may  be  perforated  so 
that  the  length  of  its  column  may  be  readily 
adjusted. 

Another  arrangement  in  which  the  standard 
liquid  is  forced  into  a  graduated  tube  from  a 
rcwervoir  is  described  by  Giiusberg  (D.  P.  J.  228, 
457). 

The  Nesslerising  tubes  adopted  by  Hchner 
(C.  N.  3:i,  185)  and  recommended  by  Milne 
(S.  C.  I.  1887,  33)  are  two  cylinders  of  equal  and 
perfectly  uniform  diameter,  holding  about 
100  c.c.  Each  is  graduated  from  below,  and  at 
about  the  30  c.c.  division  has  a  glass  stopcock. 

The  two  cylinders  are  placed  side  by  side  on 
White  paper,  and  to  one  of  them  is  added  100  c  c 
Of  the  liquid  to  be  tested,  followed  by  2  c.c.  of 


Xessler's  solution.  To  the  other  tube  a  suitable 
and  known  amount  of  standard  solution  of  ammo- 
nium chloride  is  added,  and  the  volume  is  made 
up  to  100  c.c.  with  distilled  water,  after  which 
2  c.c.  of  Nessler's  solution  is  added.  The  two 
liquids  are  looked  at  vertically,  and  the  darker 
is  allowed  to  slowly  run  off  into  a  clean  beaker, 
until  their  colours  are  equal.  The  comparison 
may  be  repeated  after  tilling  up  from  the  beaker. 
The  mode  of  calculation  is  the  same  as  in  former 
cases. 

In  a  colorimeter  devised  by  Leeds  (C.  X.  37, 
229)  comparison  tubes  are  arranged  in  a  rack, 
light  being  reflected  through  them  by  an  inclined 
upper  mirror,  and  again  rellected  to  the  eye  of 
the  observer  from  a  mirror  similarly  placed  be- 
neath them.  The  standard  liquid  is  contained 
in  a  bottle  prism  which  is  moved  beneatli  one  of 
the  comparison  tubes  containing  distilled  water 
only,  until  the  colour  observed  is  identical  with 
that  in  the  tube  containing  the  test  liquid.  The 
strength  of  the  test  liquid  is  calculated  from  the 
thickness  of  liquid  in  that  section  of  the  prism 
which  is  inteqjosed. 

An  ingenious  instrument,  introduced  by  Mr. 
J.  W.  Lovibond,  for  the  examination  of  liquids, 
powders,  fabrics,  dc,  and  known  as  the  tinto- 
meter, is  shown,  partly  in  section,  in  tig.  4.  It 
consists  of  a  box,  closed  at  one  end  by  a  ground 

Tic.  l. 

glass  plate  e,  and  separated  into  two  divi- 
sions b  c.  The  box  is  carried  by  a  stand,  adjust- 
able to  any  angle.  A  square  glass  cell,  of  known 
width,  along  the  line  j'f/-,  containuig  the  solution 
to  be  examined,  is  placed  in  one  division,  and 
glass  plates  h  of  similar  colour  (or,  if  necessary, 
of  different  colours,  producing  the  proper  tint  in 
combination),  and  of  known  intensity,  arc  placed 
in  grooves  in  the  other  division,  until,  on  looking 
through  both  tubes  simultaneously  through  a 
single  eye-piece  d,  shaded  to  prevent  access  of 
side  light  to  the  eye,  the  appearance  through  the 
glass  plates  is  identical  with  that  through  the 
solution. 

The  standard  plates  are  specially  prepared  of 
various  colours,  and  each  is  distinguished  by  a 
number  indicating  its  colour  and  another  num- 
ber showing  the  intciisilij  of  colour,  i.e.  the 
number  of  plates  of  that  colour  of  unit  intensity 
required  to  produce  an  intensity  equal  to  that  of 
the  plate.  The  unit  chosen  by  the  inventor  for 
each  colour  is  an  arbitrary  one,  but  its  actual 
value  can  be  ascertained  at  any  time  by  com- 
parison with  a  standard  solution  of  similar 
colour. 

In  some  cases  the  glass  plate  e  is  wanting, 
and  an  adjustable  plane  glass  mirror  is  used  to 
rcHeet  the  light  to  tlie  apparatus. 

When  the  colour  of  a  fabric  is  to  be  estimated 
the  fabric  is  stretched  on  a  block  placed  in  the 
division  c,  and  a  white  fabric  of  .•limilar  tc.X'txre, 
previously  compared  with  a  plate  of  pure  ^j/as/fj* 
of  Paris,  is  placed  in  the  division  b.  The  stan- 
dard plates  are  then  inserted  as  above  until  the 
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appearances  through  the  eye-piece  are  identical. 
JAnvders,  sugars,  dr.,  pressed  in  a  small  tray 
placed  in  tlie  division  c,  may  be  similarly  ex- 
amined, a  tray  containing  pure  plaster  of  Paris 
being  placed  in  the  division  b. 

For  very  delicate  observations  the  intensity 
of  the  light  used  may  be  found  and  noted,  before 
commencing,  by  closing  the  division  c  and 
placing  in  the  divisions  b  as  many  standard 
plates  of  neutral  tint  as  serve  to  obstruct  all  the  , 
light.  •  j 

For  further  information  v.  Blue  Books  of 
H.M.  Patent  Office,  a.d.  1880,  No.  12,807  ;  S.  C.  I. 

1887,  522,  628,  and  1888,  09. 

Andrieux  (C.  R.  103,  281)  describes  an 
apparatus  in  which  the  qualitij  and  intensity  of 
a  colour  are  determined  by  comparison  with  a 
ray  of  polarised  light. 

Konig  (Proc.  Amer.  Phil.  Soc.  [18]  7,  29,  184, 
208,  211)  has  devised  a  method  for  estimating 
metals  by  the  intensity  of  the  colour  imparted  by 
them  to  the  borax  bead.  He  dissolves  a  known 
weight  of  the  oxide  in  a  known  weight  of  borax, 
grinds  the  bead  until  its  faces  are  flat,  coats  it 
with  Canada  balsam  to  render  its  rough  faces 
transparent,  and  places  it  in  an  apparatus  where 
it  is  viewed  by  a  lens  of  small  power,  while,  by 
means  of  a  rack,  a  glass  prism  whose  colour  is 
complementary  to  that  under  examination,  is 
moved  before  it  until  such  a  thickness  is  inter- 
posed that  the  colour  of  the  bead  is  extinguished. 

A  photochemical  process  for  estimating 
differences  in  the  intensity  of  a  colour  has  been 
described  by  E.  J.  Mills  and  Buchanan  (S.  C.  I. 

1888,  309).  It  has  been  applied  to  the  compari- 
son of  dyed  goods.  A  number  of  discs  of  the 
tissues  are  photographed  on  one  negative  from 
which  a  number  of  positives  on  paper  sensitised 
with  silver,  are  copied.  These  are  treated  as 
usual,  soaked  for  a  considerable  time  in  sodium 
thiosulphate  to  remove  the  whole  of  the  un- 
altered silver  salt,  well  washed,  and  dried.  The 
disc  photographs  of  each  tissue  are  cut  from  a 
number  of  positives  and  each  set  is  burned 
separately.  Tlie  silver  in  the  residue  is  dis- 
solved and  estimated  volumetrically.  The  rela- 
tive amount  of  silver  found  in  the  different  sets 
of  discs  directly  j'epresents  the  relative  intensity 
of  the  colours. 

The  following  colorimetric  process  for  the 
estimation  of  minute  quantities  of  sulphur  in 
iron,  mineral  waters,  black  ash,  slag,  etc.,  is  due 
to  Wiborgh  (C.  Z.  10,  92  ;  C.  N.  18S0,  54, 158). 

The  divided  metal,  ore,  etc.,  or  the  concen- 
trated solution,  is  introduced  into  a  small  flask 
isrovided  with  an  india-rubber  cork,  througli 
which  passes  a  stoppered  funnel  for  introduction 
of  acid,  and  a  narrow-mouthed  funnel  ground  at 
the  top.  A  disc  of  white  calico,  which  has  been 
previously  saturated  with  a  solution  of  5  grams 
crystallised  cadmium  nitrate  (or,  preferably, 
cadmium  acetate)  in  100  c.c.  of  water  and  dried 
in  a  horizontal  position  on  a  cloth,  is  fixed 
between  two  india-rubber  rings  of  the  same 
interior  diameters  as  the  standard  discs  here- 
after described,  and  the  rings  are  firmly  clamped 
over  the  funnel  mouth.  Dilute  sulphuric  acid 
is  poured  into  the  flask  and  heat  is  applied.  In 
from  30  to  45  minutes  the  whole  of  the  sulphur 
which  is  capable  of  conversion  into  sulphuretted 
hydrogen  has  passed  oil  in  that  form  and  has 


been  irhoUi/  absorbed  by  the  cadmium  salt  on 
the  calico.  The  disc  is  removed  and  compared 
with  a  set  of  standard  discs,  similarly  prepared 
from  iron  containing  a  known  amount  of  sul- 
phur. The  standard  discs  should  not  be  ex- 
posed too  freely  to  light.  Arsenic,  carbon, 
silicon,  and  copper  do  not  appear  to  affect  the 
determination.  This  method  is  so  delicate  that 
a  disc  will  show  a  tinge  of  the  yellow  colour  due 
to  the  cadmium  sulphide  when  so  small  a  quan- 
tity as  the  1000th  of  a  milligram  of  sulphur  is 
present  per  square  centimetre.  Other  metals 
which  give  coloured  sulphides  may  be  used, 
but  cadmium  appears  to  be  most  generally 
satisfactory. 

COLOURS,  DETECTION  OF,  ON  DYED 
FABRICS.  Most  colouring  matters  exhibit 
cliaracteristic  colour  reactions  wlien  treated 
with  various  reagents.  The  reaction  varies 
slightly  according  to  the  condition  in  which 
the  colouring  matter  is  examined,  i.e.,  in  the  free 
state,  or  applied  to  this  or  that  fibre,  &c. 

The  annexed  tables  show  the  reactions  ob- 
tained on  wool  dyed  with  the  several  colouring 
matters  named,  when  treated  with  a  few  simple 
reagents,  such  as  are  readily  available  to  the 
dyer.  The  reagents  required  are :  sulphuric 
acid  1-84  sp.gr.;  hydrochloric  acid  1'14  sp.gr.; 
sodium  hydrate  10  p.c.  solution  ;  ammonia  solu- 
tion 0-880  sp.gr.  ;  a  solution  containing  equal 
weights  of  concentrated  hydrochloric  acid  and 
stannous  chloride  (SnCk.2H^0) ;  95  p.c.  alcohol. 

Small  portions  of  the  fabric  should  be  steeped 
in  porcelain  basins  containing  a  little  of  the' 
reagent.  Other  portions  should  he  gently  warmed 
with  the  reagent  in  a  test  tube.  It  is  always 
desirable  to  confirm  the  test  by  making  a  com- 
parative experiment  with  material  specially 
dyed  with  the  suspected  colouring  matter.' 

The  following  abbreviations  are  adopted  in 
the  tables:— M.L.  &  B.  (Meister,  Lucius,  and' 
Briining) ;  B.  A.  &  S.  F.  (Badische  Anilin  and 
Soda  Fabrik). 

COLUMBA  or  COLUMBO  ;  COLUMBIC  ACID 
and  COLUMBIN  v.  Calumba. 

COLUMBITE  V.  Cerium  metals. 

COLZA  OIL  V.  Oils. 

COMENAMINIC  ACID  v.  Bone  oil. 

COMMON  CAMPHOR  v.  Camphohs.  '. 

CONCRETE  V.  Cements.  I 

CONDY  S  FLUID  v.  M.anganese. 

C0SE5SINE  -i).  Vegeto-alk.aloids.  i 

CONGO  V.  AZO-  COLOUBING  MATTERS. 

CONGO,  BRILLIANT,  v.    Azo-  coi.ourino 

MATTERS. 

CONGO  CORINTH  v.  Azo-  colodrinc;  matters. 
CONGO  RED  V.  Azo-  colouring  matters. 
CONGO  YELLOW  v.  Azo-  colouring  matters. 
CONIFERIN  v.  Glucosides. 
CONIMA  RESIN  v.  Oleo-resins. 
CONIMENE  V.  Oleo-resins. 
CONINE  V.  Vegeto-alkaloids. 
CONQUINAMINE  v.  Vegeto-alkaloids. 
CONVOLVULIN  v.  Glucosides  ;  also  GuM 
resins. 

COPAIBA,  BALSAM  OF  v.  Oleo-resins. 
COPAIVA  OIL  V.  Oils  Essential  ;  also  Oleo- 

RESINS. 

'  Cr.  .T.  .7.  Unmmc-r^^    Dvcint;  ot   Textile  F;il.rio3 

(Cassell  &  Co.,  1S85;,  chapter  xwi.  Also,  K.  Leputit, 
S.  C.  I.  7,  773. 
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copaim:xe. 


COPAIVENE  V.  Oleo-resixs. 

COPAIVIC  ACID  V.  Oleo-resins. 

COPAL  i.  i;i:>iNs. 

COPAL  VARNISH  v.  Vabnish. 

COPELIN  V.  Kesixs. 

COPIVI  V.  Oleo-besins. 

COPPER.  Symbol  Cu.  At.  \vt.  =  G31.  This 
is  undoubtedly  one  of  the  earliest  known  metals. 
Occurring  in  large  masses  in  the  metallic  state, 
easily  distinguishable  by  its  colour,  and  possess- 
ing valuable  mechanical  properties,  copper  could 
not  fail  to  attract  attention.  Many  of  its  ores, 
too,  possess  brilliant  colours,  and  one  of  them, 
malachite,  was  used  for  the  purposes  of  orna- 
ment at  a  very  early  date. 

The  native  copper  of  the  Lake  Superior 
region  was  worked  by  the  pre-historic  inhabi- 
tants of  the  North  American  continent,  and 
amongst  the  specimens  of  metal-work  discovered 
by  Dr.  Schliemann  in  his  researches  at  the  ruins 
of  Troy,  was  one  consisting  of  pure  copper.  At 
a  very  early  period,  however,  the  knowledge  of 
metallurgy  had  made  such  progress  that  the 
influence  of  the  presence  of  other  elements  on  the 
physical  properties  of  copper  had  become  known. 


Thus,  the  use  of  tin  to  harden  copper,  and  so  to 
render  it  serviceable  for  tools  and  weapons,  was 
known  in  pre-historic  times.  The  discovery  of 
the  metallurgy  of  copper,  in  so  far  as  it  relates 
to  the  reduction  of  coi)per  from  its  ores,  has 
been  attributed  to  Cadmus  and  to  Tubal  Cain, 
but  it  is  far  more  probable  that  it  was  discovered 
accidentally  in  various  parts  of  the  world,  either 
by  the  lighting  of  tires  on  the  outcrops  of  copper 
lodes  or  by  such  other  simple  means.  At  a  very 
early  period  copper  was  exported  from  the  island 
of  Cyprus,  and  it  is  from  this  island  that  it  has 
obtained  its  name.  A  native  writer  states  that, 
previous  to  the  seventh  century  .k.t>.,  Japan, 
though  it  abounds  in  ores  of  copper,  obtained  its 
supplies  of  that  metal  from  China.  The  metal- 
lurgical processes  which  were  then  introduced, 
and  which  are  still  in  use,  do  not  differ  essen- 
tially from  those  employed  elsewhere. 

At  the  present  time,  copper  in  its  native  state 
forms  but  a  very  small  proportion  of  the  source 
of  supply  of  that  metal.  By  far  the  larger 
quantity  is  obtained  by  the  treatment  of  its 
compounds  with  other  elements.  The  chief  oi 
these  are  the  following :  — 


Name 

Composition 

Colour 

Streak 

Hardness 

Density 

Cuprite 

Cu.O 

Eed 

Brown-red 

3-5-4 

6-7-6-0 

Malachite 

CuCO^  +  HCuO., 

Green 

Green 

3-5  4 

3-7-41 

Azurite  . 

2CuC0,  +  HXuO, 

Blue 

Blue 

3-5-4 

3-5-3-8 

Copper  pyrites 
(Yellow  copper  ore) 
IBornite . 

(Purple  cojjper  ore) 
Fahl  ore 

(Grey  copper  ore)  . 
Copper  glance 

) 

Cu.S.Fe.Sj 

3Cu,S,Fe,S3 

Variable 
Cu.S 

Yellow 

Steel-grey 
Lead-grey 

Black 

Black 

Black 
Lead-grey 

•  8-5-4 

3 

3-4 
2-5-3 

4-1-4-3 

4-9-5-1 

4-3  -5-4 
4-8-5-8 

Copper  also  occurs  in  the  form  of  the  black 
oxide,  silicates,  phosphates,  arseniatcs,  sulphates, 
oxychloride,  Ac,  but  these  minerals  are  not  of 
suilicient  metallurgical  importance  to  render 
them  ores  of  copper  in  the  ordinary  sense  of  the 
term.  Large  quantities  of  copper  are  obtained 
from  the  cupriferous  iron  pyrites  of  k5pain  and 
Portugal,  which,  containing  as  it  does  but  3  or 
4  p.c.  of  coijper,  is  yet  of  importance  as  a  source 
of  copper,  owing  to  the  small  quantities  of  gold 
and  silver  which  are  also  present. 

Of  the  various  ores  the  sulphides  are  by  far 
the  most  important,  the  oxidised  compounds 
being  no  longer  found  in  any  large  quantities. 
Fahl  ore  is  of  importance,  less  from  the  point 
of  view  of  the  copper  it  contains  than  from  that 
of  the  silver  or  mercury  also  present. 

The  metallurgical  processes  for  the  reduc- 
tion of  copper  from  its  ores  are  of  two  main 
types :  (1)  Processes  involving  fusion ;  and  (2) 
AVet  processes  not  involving  fusion.  Each  of 
these  classes  may  be  further  subdivided.  Of 
those  processes  which  involve  fusion,  the  more 
important  are  the  following:  — 

1.  The  ivaclion  j^'occss. —In  this  process, 
which  is  applied  to  the  treatment  of  sulphurised 
ores,  use  is  made  of  the  greater  allinity  for  sul- 
phur possessed  by  copper  than  that  possessed 
by  other  metals  associated  with  it  .in  its  ores. 
Of  these  metals  the  most  important  is  iron.  To 
separate  the  copper,  the  ore  is  first  submitted  to 


the  action  of  air  at  an  elevated  temperature,  and 
is  then  fused.  By  this  means  a  portion  of  the 
sulphur  is  oxidised  and  passes  away  in  the 
form  of  sulphur  dioxide,  care  being  taken  to 
regulate  the  percentage  of  sulphur  remaining  in 
the  '  calcined  '  ore.  On  fusion,  the  copper  oxide 
in  the  ore  reacts  with  the  i\on  siilphide,  forming 
cuprous  sulphide  and  ferro.us  ojjide,  as  is  showi> 
by  the  following  equations  : 

( 1 )  Cu..O  -I-  FcS  =  Cu..S  -I-  FeO. 
(2)  2CuO  +  2FeS  =  Cu,S'-h  S  +  2FeO. 
The  ferrous  oxide  so  produced  combines  with 
silica,  also  present  in  the  mixture  treated,  to  form 
a  fusible  slag.  When,  by  repeated  oxidations 
and  fusions,  most  of  the  iron,  and  with  it  the 
other  impurities  also  present,  have  been  elimi- 
nated, and  the  cuprous  sulphide  obtained  com- 
paratively free  from  iron,  it  is  partially  oxidised, 
and  then,  the  temperature  being  raised,  the 
oxides  and  residual  sulphides  react  on  one 
another,  producing  metallic  copper  by  virtue  of 
the  following  reactions : 

(1)  2Cu  .O-(-Cu,S  =  6Cu  +  SO.i. 

(•2)  3Cu..O -(- FeS  =  6Cu -I- FeO -^  SO.,.  ' 

(3)  4Cu.p  +  Fe,S  =  8Cu-(-2FeO-i-SO,. 
2.  Tlte  reduction  2J''ocess. — This  process  is 
applicable  to  oxidised  ores,  or  to  ores  which  have 
been  oxidised  by  roasting,  or,  as  it  is  termed  in 
the  case  of  the  metallurgy  of  copper,  '  calcina- 
tion,' the  term  'roasting'  being  made  to  apply 
to  that  stage  of  the  reaction  process  in  which 
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the  metallic  copper  is  protlucecl.  The  process 
consists  in  treating,  at  an  elevated  temperature, 
the  oxidised  ore  or  products  with  carbon,  usually 
in  the  form  of  coke  or  charcoal,  though  certain 
other  fuels  are  occasionally  employed.  The 
carbon  in  the  fuel  combines  with  the  oxygen  in 
the  ore  and  liberates  the  copper,  as  is  shown  by 
the  following  equation  :  Cn.fi  l-  C  =  2Cu  +  CO. 

The  reduction  process  is  rarely  used  alone, 
but  in  certain  important  methods  of  treatment 
it  is  employed  instead  of  the  '  roasting  '  stage  of 
the  reaction  process. 

The  metallic  coijper  thus  produced  by  each 
of  these  processes  is  not  sulliciently  pure  to 
admit  of  its  being  used  for  industrial  purposes. 
It  contains  iron  and  other  impurities,  and  has 
last  to  be  refined.  This  consists  in  subjecting 
the  metal  to  an  oxidising  fusion.  By  this  means, 
as  most  of  the  impurities  in  the  copper  possess 
a  greater  affinity  for  oxygen  than  does  the  copper 
itself,  they  are  for  the  greater  part  eliminated 
at  an  early  stage  of  the  operation.  Some  of  the 
copper  is,  however,  also  oxidised  and  passes  into 
the  slag,  whilst,  on  the  other  hand,  some  of  the 
impurities  remain  with  the  copper.  The  copper 
would  be  greatly  affected  by  these  residual  im- 
purities, were  it  not  that  the  presence  of  a 
certain  quantity  of  dissolved  cuprous  oxide  acts 
to  such  an  extent  beneficially  that,  provided  the 
quantities  of  the  impurities  present  do  not  ex- 
ceed certain  limits,  the  quality  of  the  metal  is 
not  sensibly  deteriorated.  In  detail  these  pro- 
cesses are  as  follows:  — 

1.  The  Ee.'Iction  Process. 

The  first  stage  of  this  process  consists  in 
the  partial  oxidation  of  the  sulphur — the  ore  is 
'calcined.'  This  calcination  is  effected  indif- 
ferent ways,  the  variations  adopted  being  de- 
pendent on  the  nature  of  the  ore  and  of  the 
impurities  that  are  present.  In  those  cases  in 
which  arsenic  or  antimony  occurs  in  the  ore,  the 
calcination  has  to  be  effected  with  very  great 
care  in  order  to  eliminate  these  impurities  as 
completely  as  possible.  To  eft'ect  this,  the  ore 
may  be  heated  out  of  free  access  of  air  so  as  to 
sublime  as  much  as  possible  of  the  impurity  in 
the  form  of  sulphide,  or  the  ore  may  be  sub- 
mitted to  a  careful  calcination,  and  then  fine 
coal  or  other  carbonaceous  materials  be  added 
to  the  charge  in  order  to  decompose  the  arseni- 
ates  and  antimoniates  produced  by  the  oxidising 
action  of  the  furnace  gases.  Another  method 
consists  in  the  addition  of  pyrites  in  order  to 
assist  in  the  formation  and  sublimation  of 
arsenic  sulphide.  Yet  another  method  consists 
in  calcining  the  ore  '  sweeter  '  than  would  other- 
wise be  done,  leaving,  that  is,  less  sulphur  in 
the  calcined  ore.  On  the  subsequent  fusion 
there  is  then  present  in  the  charge  a  quantity  of 
sulphur  which  is  not  sufficient  to  combine  with 
the  whole  of  the  copper,  and  a  reaction  between 
the  I'esidual  cuprous  oxide  and  some  of  the  sul- 
phide ensues,  forming  metallic  copper,  by  virtue 
of  the  reaction  already  given.  It  is  found  that 
the  copper  so  produced  is  exceedingly  impure, 
and  it  is  possible  in  this  way  to  eliminate  much 
of  the  impurities,  such  as  arsenic  and  antimony, 
which  are  present  in  the  charge.  Any  gold  and 
silver  which  may  be  present  in  the  ore  mixture 


treated,  also  pass  to  a  large  extent  into  these 
copper  'bottoms,'  and  this,  therefore,  forms  a 
means  for  the  separation  of  the  ijrecious  metals 
j)rcsent  in  the  charge. 

The  calcination  is  effected  either  in  heaps, 
kilns,  or  reverberatory  furnaces. 

Heap  calcination  has  two  modifications —<x, 
That  in  which  the  sulphur  is  not  collected  ;  and, 
B,  that  in  which  it  is.  This  second  modification 
is,  however,  comparatively  unimportant. 

In  heap  calcination,  or  roasting  by  the  first 
method,  the  ground  on  which  it  is  proposed  to 
erect  the  heap  is  carefully  selected  and  levelled, 
and  then  a  bed  is  made  of  stones,  slag,  or  other 
similar  material,  raised  at  least  two  inches 
above  the  level  of  the  surrounding  ground. 
This  bed  is  then  carefully  faced  with  clay  and 
is  rolled  down  with  heavy  rollers.  On  the  bed 
so  prepared  fine  ore  is  strewn  to  the  depth  from 
4  to  G  inches.  On  this  is  placed  a  layer  of  wood, 
usually  in  the  form  of  logs,  from  8  to  li  inches 
high,  and  the  ore  to  be  roasted  is  piled  on  top 
of  it.  Vents  are  left  in  the  wood  bed  which 
communicate  with  central  flues  rising  up  through 
the  ore  heap.  This  is  then  covered  over  with 
finely  divided  ore  that  has  already  been  calcined, 
hollows  being  left  in  covering.  In  these  a  por- 
tion of  the  sulphur  collects  that  is  sublimed 
;  during  the  burning  of  the  heap.  By  opening 
some  of  these  vents  and  closing  others,  the  rate 
and  manner  of  the  combustion  may  be  easily 
regulated. 

The  height  of  the  ore  heap  depends  on  the 
richness  of  the  ore.  The  higher  is  the  heap  the 
greater  will  be  the  temperature,  and  the  greater 
will  be  the  liability  of  the  ore  to  clot.  Thus  ore 
containing  12  p.c.  of  sulphur  may  be  piled  to  a 
height  of  some  7  feet,  whilst  ore  containing  35 
to  40  p.c.  should  not  be  piled  higher  than  5  or 
5g  feet.    The  average  height  is  about  G  feet. 

The  lumps  of  roasted  ore  obtained  by  this 
process  frequently  show  a  remarkable  change. 
They  have  become  in  the  centre  richer  in  copper 
than  they  were  originally,  and,  conversely,  the 
outer  crust  is  richer  in  iron  and  much  poorer  in 
copper  than  was  that  of  the  original  lump  of 
ore.  In  the  case  of  poor  ores  this  fact  may 
afford  the  possibility  of  treating  commercially 
such  ores  as  could  not  otherwise  be  smelted. 
The  process  is  known  as  '  kernel  roasting.' 

A  modification  of  heap  roasting  consists  in 
the  use  of  '  stalls.'  These,  as  their  name  im- 
plies, are  usually  roofless  walled  inclosures. 
They  are  open  at  the  top  and  vary  in  size,  but 
a  common  form  is  some  8  feet  long,  G  feet  high, 
and  65  feet  wide.  A  number  of  these  are  placed 
side  by  side  and  back  to  back.  The  back  walls 
i  are  frequently  perforated,  the  openings  leading  to 
I  a  central  flue  lying  between  two  rows  of  stalls. 
This  flue  may  be  either  connected  with  the  stack 
direct,  or  the  gases  may  be  conducted  through 
it  to  the  sulphuric  acid  chambers.  The  bed 
sloijes  slightly,  and  in  front  there  is  a  narrow 
fire-grate.  In  charging  such  a  stall,  a  layer  of 
wood  is  placed  on  the  bed  as  in  heap-roasting, 
and  the  ore  piled  up  on  it,  fine  roasted  ore 
being  carefully  thrown  over  the  top,  and  stamped 
down.  The  wood  is  then  kindled  by  lighting  a 
fire  on  the  narrow  fire-grate  in  front  of  the  stall, 
and  the  further  combustion  may  be  easily  regu- 
I  lated.    Occasionally  channels  are  left  in  the 
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side  or  dividing  walls  of  the  stalls,  by  which  air 
may  be  permitted  to  enter  to  further  the  combus- 
tion of  the  sulphur  and  the  conseiiuent  roasting 
of  the  ore.  Koasting  in  stalls  is  very  much 
more  effective  than  roasting  in  lieaps;  the  es- 
caping sulphurous  aniiydridc  may  be  utilised, 
and  the  time  required  for  the  operation  is  greatly 
diminished. 


Fig.  1. 


opening  at  tlic  top,  and  air  for  the  combustion 
of  the  sulphur  is  admitted  through  the  fire-bars 
or  other  openings  at  the  base.  At  the  sides  are 
several  series  of  working  doors  or  openings. 
Tlie  roasted  ore  is  aftovwards  withdrawn  through 
lateral  openings  at  the  base,  some  of  the  ma- 
terial which  is  in  a  fine  state  of  division  falling 
through  the  tire-bars.  In  starting  work  with  a 
furnace  such  as  this  the  necessary  quantity  of 
fuel  is  placed  on  the  lire-bars  and  the  ore  charged 
Li  upon  it.   l''uriuiccs  of  this  kind  are,  however. 


Ores  poor  in  sulphur  are  usually  roasted  in 
kilns.  These  vary  considerably  in  form  and 
size.  In  principle  they  resemble  cupola  furnaces, 
but  as  tlie  temperature  required  in  the  kiln  is 
comparatively  low,  the  zone  of  combustion  is 
larger,  and  the  ratio  of  width  to  height  is  con- 
siderably greater  in  tiie  kiln  than  it  is  in  the 
cupola.     The  ore  is  charged  in  through  an 


Fio.  2. 


only  applicable  to  the  roasting  of  ore  or  poor 
regulus  in  lumps.  If  the  material  is  in  too  line  a 
state  of  division,  the  furnace  soon  becomes  choked, 
air  ceases  to  pass  through  it,  and  the  roasting  con- 
sequently comes  to  a  termination.  For  ore  or 
regains  in  a  fine  state  of  division  the  Gerstenhiifer 
kiln  may  be  employed.  This  kiln  (figs.  1,  2)  con- 
sists of  a  narrow  vertical  chamber,  across  which 
are  placed  numerous  triangular  iron  or  fire-brick 
bars.  Supposing  the  furnace  to  be  hot  from 
previous  working,  the  finely  divided  ore  or  poor 
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I'cguliis  is  charged  in  tlirougli  slits  (o)  in  tlie  roof 
oi  the  furnace  on  to  the  base  of  triangular  bars 
(n)  placed  below  them.  On  these  it  heaps  itself 
up  and  then  falls  over  on  to  other  bars  still  lower 
down.  This  operation  is  repeated  again  and 
again  until  the  ore  reaches  a  space  free  from 
bars  at  the  bottom  of  the  furnace.  A  current 
of  air  is  simultaneously  allowed  to  pass  up 
through  the  furnace,  and  once  the  roasting  is 
started,  the  lieat  produced  by  the  combustion  of 
the  sulphur  in  the  material  treated  is  sufficient 
to  cause  the  roasting  to  proceed  by  itself.  Small 
holes  (k),  which  maybe  readily  closed,  are  left  in 
the  front  of  the  furnace,  one  on  a  level  with  the 
top  of  each  transverse  bar,  and  through  these 
tools  may  be  inserted,  by  the  aid  of  which  the 
ore  that  has  collected  on  the  bars  may  be  re- 
moved. The  current  of  air  that  is  allowed  to 
pass  through  the  furnace  is  carefully  regulated 
to  prevent  too  great  a  dilution  of  the  sulphurous 
acid  produced  by  the  combustion  of  the  sulphur 
in  the  ore,  this  being  usually  conducted  to  sul- 
phuric acid  chambers.  It  is  evident  that  if  the 
material  to  be  treated  is  readily  fusible,  as,  for 


Fig.  4. 


instance,  rich  copper  regulus,  it  would  clot  to- 
gether on  the  cross-bars,  and  would  thus  destroy 
the  utility  of  the  furnace.  Such  materials  can- 
not therefore  be  roasted  in  this  way,  nor,  indeed, 
by  kilns  at  all.  They  may,  however,  be  treated 
in  reverberatory  furnaces.  The  various  modifi- 
cations of  these  furnaces  that  are  used  for  the 
roasting  or  '  calcination  '  of  copper  ores  differ 
considerably  from  one  anotiier  as  regards  their 
general  construction,  but  they  have  one  feature 
in  common — the  relatively  small  grate  area  as 
compared  with  the  volume  of  the  laboratory 
portion  of  the  furnace. 

According  to  Gruner  (Metallurgie,  1,  269) 
the  area  of  the  fire-grate  should  not  exceed 
1  square  foot  for  every  15  to  'JO  square  feet  of  the 
laboratory  portion  of  tlie  furnace. 

Figs.  3  and  4  show  the  general  construction 
of  this  furnace. 

The  main  distinctions  existing  between  the 
various  kinds  of  reverberatory  furnaces  con- 
sist in  the  methods  of  firing  that  are  adopted, 
and  in  the  arrangements  connected  with  the 


hearth  of  the  furnace,  this  being  sometimes 
fixed,  sometimes  made  to  revolve  horizontally, 
and  sometimes  the  laboratory  portion  of  the 
ordinary  reverberatory  furnace  is  replaced  by  a 
cylinder  which  is  made  to  rotate  around  a 
central  axis.  The  reason  for  causing  the  labora- 
tory portion  to  rotate  or  revolve  is  that  by  this 
means  the  ore  on  the  bed  may  bo  stirred  auto- 
matically and  fresh  surfaces  be  thus  continually 
presented  to  the  oxidising  action  of  the  furnace 
gases. 

The  sulphide  ore,  having  been  jjartially 
I'oasted  by  one  or  other  of  these  methods,  is  then 
submitted  to  a  fusion  process  with  the  intention 
of  causing  the  silica  eitlier  jiresent  in  the 
material  itself  or  added  to  the  charge  to  com- 
bine with  a  certain  poition  of  the  iron  also  present 
to  form  a  fusible  iron  silicate  poor  in  copper, 
which  may  be  thrown  away,  lime  and  other  im- 
purities being  simultaneously  slagged  off.  To 
avoid  loss  of  copper  in  this  process  it  is  neces- 
sary to  have  a  sufficient  quantity  of  sulphur 
in  the  charge,  and  to  this  end  fresh  sulphide 
ore  may  be  added,  in  which  case  the  oxide 
of  copper  in  the  ore  that  has  been  roasted 
reacts  with  the  iron  sulphide  in  the  added 
material,  forming  ferrous  oxide,  which  combines 
with  the  silica  to  form  a  fusible  slag,  and  a 
fused  product  consisting  of  the  sulphide  of 
copper  so  produced  with  the  excess  of  iron 
sulphide  intentionally  left  in  the  charge.  This 
fused  product  is  termed  a  '  regulus,'  and  as 
obtained  in  this  stage  of  the  process  usually  con- 
tainsaboutSOp.c.of  copper.  It  should  notcontaiii 
more  than  some  35  p.c.  of  copper  and  a  similar 
quantity  of  iron,  though  the  percentages  met 
with  in  practice  are  very  variable.  It  is  termed 
'coarse  metal,'  '  mclal '  being  the  name  given  to 
a  regulus  in  the  Welsh  method  of  copper  smelt- 
ing. The  slag,  '  ore-furnace  slag,'  is  a  mixture 
of  mono-  and  bi-silicates,  and  ought  not  to  con- 
tain more  than  0  5  p.c.  of  copper.  Various 
analyses  show  it  to  contain  from  30  to  50  p.c.  of 
silica,  17  to  3G  p.c.  of  ferrous  oxide,  2  to  10  p.c.  of 
lime,  and  varying  quantities  of  other  constituents. 
The  reverberatory  furnace  used  in  this  fusion  pro- 
cess differs  from  that  employed  for  the  previous 
roasting  or  '  calcination  '  of  the  ore,  in  that  the 
area  of  the  grate  as  compared  with  tlie  volume 
of  the  laboratory  part  is  considerably  larger, 
owing  to  the  higher  temperature  that  must  of 
necessity  be  employed.  This  ratio  as  given  by 
Gruner  is  1 :  5  or  0. 

The  next  operation  being  a  further  calcina- 
tion of  the  coarse  metal  ]iroduced  in  this  process 
it  is  necessary  to  obtain  it  in  a  line  state  of 
division,  and  it  is  therefore  usual  to  run  the 
molten  regulus,  as  tapped  from  the  furnace,  into 
a  tank  tilled  with  water,  by  which  means  it  is  ob- 
tained in  a  granular  foim.  The  finely  divided 
regulus  is  then  roasted  as  before,  and  is  after- 
wards fused  again  for  the  production  of  another 
regulus  richer  in  copper  and  poorer  in  iron  than 
is  the  coarse  metal  obtained  at  the  earlier  stage 
of  the  process.  To  shorten  the  roasting  period 
oxidised  ores  of  copper  are,  when  possible, 
added  to  the  charge,  and  so,  occasionally,  are 
the  slags  rich  in  copper  from  succeeding  opera- 
tions. This,  however,  is  not  advisable,  owing  to 
the  impurities  these  slags  contain,  which,  in 
part  at  any  rate,  would  pass  into  the  '  blue  '  or 
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'  white  '  metal  resulting  from  this  second  fusion. 
It  is  desired  to  pioduce  at  this  stage  as  pure  a 
regulus  as  possible,  and  it  is  therefore  customary, 
either  by  carrying  the  oxidising  roasting  fartlier 
than  would  otherwise  be  permissible,  to  allow 
the  formation  of  a  certain  (juantity  of  metallic 
copper  (bottoms)  into  wliich  most  of  the  im- 
purities, including  gold  and  silver,  will  pass,  or 
to  place  apart  the  first  pigs  of  regulus  that  are 
tapped  from  the  furnace,  these  pigs  being 
similarly  more  impure  than  those  succeeding 
them.  This  process  is  known  as  '  best  selec- 
tion.' The  regulus,  if  it  be  '  blue  metal,'  will 
contain  about  55  p.c.  of  copper;  if  it  be  '  white 
metal '  the  percentage  of  copper  may  reach  as 
much  as  75;  whilst  a  still  richer  regulus  con- 
taining much  metallic  copper,  known  from  its 
appearance  as  '  moss  '  copper,  bears  the  name  of 
'  pimple  metal '  from  the  appearance  of  the 
surface  of  the  east  ingot. 

The  next  stage  of  this  process  consists  in  the 
partial  oxidation  of  the  regulus  obtained  by  the 
IJrevious  operation,  and  then  by  raising  the  tem- 
perature to  cause  the  oxide  of  copper  formed  by 
tho  roasting  to  react  on  the  residual  cuprous 
sulphide,  forming  metallic  copper  in  the  way 
already  described.  Tliis  process  is  termed 
'  roasting,'  the  previous  oxidising  stages  of  the 
process  being,  as  has  already  been  mentioned, 
termed  '  calcination.'  The  products  are  an 
impure  metallic  copper,  and  a  slag  rich  in  that 
metal.  This  slag  is  cither  added  to  the  previous 
fusion  stages  of  the  process  or,  owing  to  tlie  im- 
purities it  contains,  is  treated  by  itself.  The 
■*  coarse  copper  '  produced  at  this  stage  contains 
appreciable  quantities  of  iron  and  other  im- 
purities and  has  to  be  '  refined.'  This  refining 
is  based  on  the  greater  atlinity  shown  for  oxygen 
by  the  impurities  present  in  the  copper  than  is 
shown  by  the  copper  itself.  The  process  is  as 
follows  : — The  copper  to  be  rclined  is  charged 
on  to  the  bed  of  a  rcverberatory  furnace  with  a 
hearth  area  relatively  larger  than  that  employed 
in  any  of  the  previous  stages,  and  is  then  slowly 
melted  down  in  an  oxidising  atmosphere.  The 
oxides  formed  in  this  manner  are  in  part  vola- 
tihsed  and  in  part  combine  with  the  silica  of 
the  furnace  walls  to  form  a  highly  basic  scoria, 
which  is  frequently  removed.  As  the  impurities 
are  oxidised  away  tiie  copper  itself  begins  to  be 
attacked,  and  towards  the  end  of  this  portion  of 
the  refining  stage  a  layer  of  copper  oxide  formed 
on  the  surface  of  tlie  bath  reacts  on  the  cuprous 
sulphide  also  present,  forming  metallic  copper 
and  sulphurous  acid,  which  latter,  on  escaping, 
causes  the  bath  of  molten  metal  to  '  boil.'  When 
this  ceases,  the  copper  remaining  on  the  hearth 
of  the  furnace  contains  largo  quantities  of 
cuprous  oxide.  It  is  known  as  'dry'  copper. 
To  remove  this  oxide  the  copper  is  then  sub- 
mitted to  a  reducing  process.  Tolcs  of  wood  are 
thrust  into  the  bath,  and  then  anthracite  or 
charcoal  is  thrown  upon  the  surface  of  the 
molten  metal.  The  products  of  the  dry  distilla- 
tion of  tlie  wood  stir  up  the  molten  bath  and 
expel  the  sulphurous  acid  remaining  dissolved 
in  it  after  the  boiling  stage,  at  the  same  time 
partially  reducing  the  oxide  of  copper  also 
present,  but  this  is  chiefly  removed  at  the  second 
period  of  the  operation  when  anthracite  is  thrown 
ou  the  surface  of  the  metal.    Portions  of  the 


metal  are  removed  from  the  furnace  from  time 
to  time,  and  when  the  metal  is  found  to  have 
lost  its  dark-red  colour  and  granular  fracture  and 
to  liave  become  flesh-coloured,  with  a  fibrous 
fracture  and  silky  lustre,  and  to  bend  double 
when  placed  in  the  jaws  of  a  vice,  the  refining 
is  finished.  The  refined  metal  so  obtained  is 
not  chemically  pure,  but  contains  variable  per- 
centages of  different  impurities.  These  would 
of  themselves  exert  a  deleterious  influence  on 
the  copper,  but  it  is  found  that  this  influence  is 
neutralised  by  the  simultaneous  presence  of  a 
small  percentage  of  cuprous  oxide  (tough-pitch 
copper  rarely  contains  more  than  about  6-2o  p.c. 
of  oxygen).  If  either  too  much  or  too  little  of 
this  oxide  is  present  the  metal  will  have  lost  its 
valuable  mechanical  properties,  and  will  be  use- 
less for  most  purposes.  If  cast  into  an  ingot  the 
copper  containing  too  much  cuprous  oxide  will 
show  a  furrow  along  its  surface,  an  ingot  with  the 
right  proportion  will  have  a  flat  surface,  and  one 
with  too  little  will  show  a  ridge.  These  different 
kinds  are  known  respectively  as  '  dry  '  or  '  under- 
poled,'  '  tough-pitch,'  and  '  overpoled.'  In  the 
refining  process,  use  is  sometimes  made  of  the 
fact  that  when  one  readily  oxidisable  metal  is 
present  its  oxidation  tends  to  induce  less  readily 
oxidisable  metals  also  present  to  be  oxidised 
with  greater  rapidity ;  lead  is  therefore  frequently 
added,  but  it  cannot  be  used  when  the  copper  is 
to  be  made  into  brass. 

A  modification  of  this  rcverberatory  process 
consists  in  the  use  of  blast  furnaces  for  the 
fusion  of  the  regulus. 

2.  The  llEDrcTioN  Process. 

In  this  process  either  oxidised  ores  or  ores 
which  have  been  oxidised  by  a  previous  roasting, 
are  melted  down  with  the  addition  of  coke  or 
charcoal,  usually  in  blast  furnaces.  This  reduc- 
tion also  forms  a  distinctive  feature  in  the 
Herman  or  blast  furnace  method  for  the  trcat- 
nieut  of  sulphide  ores.  In  this  the  operations 
are  theoretically  identical  with  those  in  the 
Welsh  or  rcverberatory  process  just  described, 
until  the  stage  is  reached  at  which  the  '  blue  ' 
or  'white'  metal  is  converted  into  metallic 
copper.  In  the  reverberatory  process  it  lias  been 
shown  that  this  is  effected  by  the  action  of  tho 
oxide,  produced  by  the  partial  oxidation  of  the 
sulphide,  upon  the  residual  sulphide ;  in  tho 
(ierniau  imthod  the  sulphide  is  roasted  com- 
pletely to  oxide  and  this  is  then  reduced  by 
carbon.  The  great  objection  to  the  use  of  this 
reduction  process  for  the  conversion  of  the 
regulus  into  metallic  copper,  is  that  a  considera- 
ble percentage  of  copper  passes  into  the  slag, 
and  as  large  quantities  of  this  are  formed  owing 
to  the  necessary  addition  of  fluxes  to  carry  off 
the  iron  and  other  impurities,  the  loss  of  copper 
in  this  way  is  considerable.  The  copper,  too, 
that  is  produced  is  very  impure,  and  in  refining 
it  a  larger  percentage  of  copper  passes  into  the 
slag  than  would  otherwise  be  the  case.  If  the 
slag  is  too  rich  in  copper  to  admit  of  its  being 
thrown  away,  it  is  melted  with  materials  con- 
taining sulphur,  the  copper  being  separated  in 
the  form  of  a  regulus  in  the  ordinary  way. 

In  the  blast  furnaces  used  for  the  treatment 
of  copper  ores,  for  that  portion  of  the  furnace 
in  the  neighbourhood  of  the  tuyeres  where  the 
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heat  is  greatest  and  the  furnace  walls  most 
rapidly  corroded,  a  hollow  iron  casting  through 
which  a  current  o£  water  is  caused  to  pass,  is 
frequently  employed  in  the  ijlace  of  the  ordinary 
brickwork. 

Besides  these  two  main  methods  for  the 
treatment  of  sulphide  ores,  there  is  one  other 
which,  though  still  in  the  experimental  stage, 
may  in  the  future  prove  of  considerable  impor- 
tance. This  process  consists  in  the  application 
of  a  modified  form  of  the  Bessemer  converter 
in  the  treatment  of  copper  regulus.  A  regulus 
poor  in  copper,  such  as  the  '  ore  metal '  pre- 
viously described,  would  be  first  melted  down 
and  then  charged  in  the  molten  condition  into 
one  or  other  of  the  various  modified  types  of 
converter  that  have  been  proposed,  and  a  current 
of  air  forced  through  the  molten  mass.  The  iron 
and  other  impurities  are  oxidised,  and  floating 
on  the  surface  of  the  molten  metal,  attack  the 
converter  lining,  forming  slag,  and  a  regulus  is 
produced  that  is  much  richer  in  copper  than  the 
one  originally  charged  into  the  converter,  just  as 
in  the  case  of  the  ordinary  cojiper  process.  The 
converter  is  then  turned  down  and  its  contents 
either  poured  out  altogether  or  the  slag  only  is 
removed.  In  the  former  case  the  slag  is  separated 
from  the  regulus,  which  is  then,  if  necessary,  re- 
melted,  and  is  then  returned  to  the  same  con- 
verter, or  charged  into  another  one,  and  the 
blast  again  turned  on.  The  sulphur  is  in  this 
way  burnt  away,  and  metallic  copper  remains 
behind  in  the  converter,  the  heat  of  combustion 
of  the  sulphur  maintaining  the  bath  in  a  fluid 
condition.  The  great  difficulty  that  has  been 
experienced  in  working  out  this  process  practi- 
cally, lies  in  the  comparatively  small  amount  of 
heat  that  is  developed  by  the  combustion  of  the 
sulphur  in  the  bath,  this  not  being  sufficient  to 
maintain  the  copper  produced  in  a  thoroughly 
molten  condition  in  the  presence  of  the  cooling 
action  of  the  blast  passing  through  it.  It  was 
found  that  the  metal  was  apt  to  choke  the 
tuyeres  through  which  the  air  was  introduced 
into  the  converter,  and  these  had  therefore  to  be 
j^laced  in  a  different  position  from  that  wliich  the 
high  temperature  developed  on  the  combustion 
of  the  silicon  and  other  impurities  existing  in 
pig  iron  enables  them  to  occupy  in  the  Bessemer 
converter  as  used  for  the  production  of  steel. 
They  were,  therefore,  removed  from  their  vertical 
150sition  in  the  bottom  of  the  converter  and 
placed  more  or  less  horizontally  at  the  sides  at 
siime  distance  from  the  bottom.  Again,  it  was 
found  tliat  the  lining  of  the  converter  became 
rapidly  corroded  by  the  large  quantities  of 
ferrous  oxide  produced  in  the  pi'ocess,  and  this 
has  had  to  be  met  either  by  modifying  the 
character  of  the  lining  used,  a  more  or  less  basic 
material  replacing  the  acid  ones  previously  em- 
ployed, or  by  charging  siliceous  materials  into 
the  converter,  and  by  not  completing  the  con- 
version of  poor  regulus  into  metallic  copper  in 
one  operation.  The  great  advantage  of  the 
process  consists  in  the  great  saving  of  fuel  it 
effects  as  compared  with  either  the  reverberatory 
or  blast  furnace  methods  of  treatment. 

Besides  these  metlnids  for  the  treatment  of 
copper  ores  by  the  '  dry  '  way,  there  are  others 
which  involve  the  use  of  aqueous  solutions. 
Wet  methods  for  the  treatment  of  copper  ores 


involve:  1.  A  conversion  of  the  copper  into  a 
soluble  form;  2.  Its  solution;  and  3.  Its  precipi- 
tation. The  soluble  salts  of  copper  which  may 
be  produced  by  simple  metallurgical  methods 
are  the  chlorides  and  the  sulphate.  These  may 
be  produced  by  direct  solution  in  acids,  or,  as 
regards  the  sulphate,  this  is  readily  produced  in 
the  case  of  sulphide  ores  by  a  careful  roasting, 
and  in  the  case  of  oxidised  ores  either  by  the 
employment  of  sulphuric  acid  or  by  roasting  in 
admixture  with  ferrous  sulphate,  if  the  mate- 
rial to  be  so  treated  contains  the  sulphides  both 
of  copper  and  iron,  and  it  is  submitted  to  a 
gradually  increasing  temperature  in  a  reverbera- 
tory furnace,  starting  with  the  furnace  cold  and 
an  oxidising  atmosphere  being  maintained,  it 
will  be  found  that  the  iron  suljjhide  either  burns 
directly  to  iron  oxide  or  is  converted  into  the 
sulphate,  which,  however,  is  decomposed  at  a 
very  low  tempeiature.  The  final  products  of 
the  roasting  of  the  iron  sulphide  are  ferric  oxide 
and  a  mixture  of  SO^  and  SO^.  The  copper 
sulphide  roasts  to  sulphate,  and  this  does  not 
decompose  at  so  low  a  temperature  as  does  the 
iron  sulphate.  It  is  consequently  possible  to 
convert  the  iron  sulphate  into  insoluble  ferric 
oxide  while  leaving  the  copper  in  the  form  of 
the  soluble  sulphate,  any  oxide  of  copper  that 
may  be  formed  being  again  converted  into  sul- 
Ijhatc  by  the  SO^  produced  by  the  decomposition 
of  the  iron  sulphate.  The  soluble  copper  sulphate 
may  then  be  extracted  from  the  roasted  material 
by  leaching  it  with  water,  and  the  copper  in  the 
solution  may  be  precipitated  either  inthe  metallic 
state  by  the  aid  of  some  other  metal,  such  as 
iron,  or  by  the  aid  of  an  electric  current,  or  in 
any  other  way.  At  some  places  hydrogen  sul- 
phide has  been  used  for  this  jjurpose,  but  the 
precipitate  is  very  bulky  and  rapidly  oxidises. 
Tlie  metallic  copper  that  is  obtained  by  precipi- 
tation with  iron  is  also  rapidly  oxidised  by 
moist  air. 

The  conversion  of  the  insoluble  copper  sul- 
phide or  oxide  into  the  soluble  chlorides  is 
effected  either  by  roasting  with  salt,  with  or 
without  the  addition  of  iron  sulphide  or  sul- 
phate, or  by  treating  the  ore  with  hydrochloric 
acid  or  a  soluble  chloride  such  as  ferrous  ehlor- 
!  ide.  When  roasting  with  salt,  the  sulphates, 
I  decomposing,  attack  the  salt,  converting  it  in 
the  presence  of  moisture  into  sodium  sulphate 
with  the  evolution  of  hydrochloric  acid,  which 
in  turn,  aided  by  free  chlorine  also  j^roduced  in 
the  furnace,  converts  the  oxides  of  copper  present 
in  the  charge  into  cupric  chloride,  soluble  in 
water,  and  cuprous  chloride,  soluble  in  brine. 
The  copper  may  be  precipitated  from  the  acpieous 
solution  so  produced  either  by  iron  or  lime.  If 
iron  is  used  it  is  advisable  to  pass  a  current  of 
sulphurous  anhydride  through  the  solution  to 
reduce  the  cupric  chloride  to  cuprous  chloride 
before  the  addition  of  the  iron,  a  less  quantity 
being  in  that  case  required  for  the  precipitation 
of  the  copper.  This  reduction  by  sulphurous 
anhydride  is  utilised  in  the  Hunt  and-Douglas 
process,  in  which  the  solvent  employed  for  oxi- 
dised ores  is  ferrous  chloride. 

These  wet  processes  for  the  treatment  of 
cupriferous  materials  owe  their  importance  to 
a  great  extent  to  the  facilities  they  afford  for 
the  collection  of  any  silver  that  may  be  present 
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in  the  ore  or  nietallur;,'ical  product  to  be  treated, 
and  their  treatment  belongs  rather  to  Ihe  metal- 
lurgy of  silver  than  to  that  of  copper. 

The  electrolytic  process  is  applicable  both  to 
the  treatment  of  copper  ores  and  of  copper 
rogulus,  as  well  as  to  the  refining  of  the  pure 
copper.  It  is  usually  employed  for  this  latter 
process,  rarely  for  the  treatment  of  regulus,  and 
still  less  frequently  for  the  treatment  of  ore. 

Of  the  ores  of  copper,  the  following  sulphides 
are  good  conductors  of  electricity :  Redruthite, 
Boriiite,  and  Copper  pyrites. 

Cuprite,  Azuiitc,  Malachite,  Dioptase,  and 
Fahl-Ore,  are  either  bad  or  non-conductors. 
If,  therefore,  it  is  desired  to  treat  tliese  latter 
ores  electrolytically,  they  must  either  be  con- 
verted by  metallurgical  treatment  into  a  state 
in  wliich  they  conduct  electricity  before  employ- 
ing them  as  the  anode  or  dissolving  pole  of  the 
copper  bath,  or  this  anode  must  be  formed  of 
some  conducting  material,  such  as  coke,  and 
the  ore  placed  around  it.  This,  again,  is  only 
possible  when  the  ore  is  readily  attacked  by  the 
(SO,)  evohed  on  the  anode  surface  during  the 
passage  of  the  current  of  electricity  through 
the  bath.  A  copper  regulus,  on  the  other  hand, 
is  a  good  conductor,  and  may  be  cast  in  the 
form  required  for  the  anode.  Its  treatment, 
liowever,  involves  some  dilliculty,  owing  to  the 
fact  that  the  solution  of  the  regulus  proceeds 
not  only  on  its  outer  surface,  but,  in  places, 
throughout  its  mass.  Owing  to  this  fact  the 
regulus,  after  being  in  the  bath  for  a  time, 
gradually  softens  and  falls  to  pieces.  It  has 
therefore  to  be  supported.  This  is  usually 
ellected  by  casting  the  regulus  around  a  coppjr 
J_  plate,  which  is  protected  in  those  places  where 
it  is  subject  to  the  dissolving  action  of  the  bath 
by  a  coating  of  wax  or  other  similar  material. 
Again,  when  regulus  is  employed  as  the  anode, 
some  of  the  sulphur  it  contains  escap'^s  in  the 
form  of  hydrogen  sulphide,  which  in  part  precipi- 
tates the  copper  from  the  solution  with  which  it 
comes  in  contact,  and  in  part  escapes  altogether 
from  the  bath.  This  necessitates  the  employ- 
ment of  complicated  arrangements  to  prevent 
the  escape  of  the  gas  into  the  atmosphere  of  the 
works,  and  comijlicatcs  generally  the  electrolytic 
treatment.  The  large  quantity  of  iron,  too,  that 
is  present  in  the  regulus  soon  renders  the  work- 
ing solution  60  rich  in  iron  as  to  become  use- 
less for  the  purpose  for  which  it  is  employed, 
and  the  cost  of  treatment  is  considerable.  Still, 
it  lias  been  employed  occasionally  with  some 
success. 

The  electrolytic  process,  liowever,  is  cliielly 
employed  in  the  refining  of  impure  copper,  and 
is  especially  api)licable  to  the  treatment  of  iin- 
))ure  copper  'bottoms'  containing  gold  and 
silver.  The  method  employed  is  briefly  as 
follows.  The  impure  copper  that  is  to  be 
treated  is  cast  in  the  form  of  slabs,  eopiicr  hooks 
being  inserted  into  the  copper  while  still  inolt(Mi. 
Tliese  slabs  of  impure  eopp-r  foriii  tlii'  anodes 
or  dissolving  poles.  The  vat  or  tank  in  which 
tlic  electrolytic  treatment  is  to  take  jilace  is 
unually  made  of  wood  lined  with  sheet  lead. 
Instead  of  lead,  however,  any  other  material 
which  will  resist  the  action  of"  the  acid  solution 
that  the  tank  is  to  liold  may  be  employed, 
and,  as  far  as  the  protection  of  the  vat  itself 


'  is  concerned,  a  mere  tarring  is  to  some  extent 
sutlicient.  This,  however,  is  unsuitable,  as  it 
leads  to  the  deposition  of  metallic  cop|>er  on 
the  walls  of  the  tank.  If  the  tank  is  lined 
with  lead,  this  again  must  be  protected  from 
accidental  injury  by  an  inner  lining  of  match- 
boarding.  The  sides  of  the  tank  must  be  of 
sutlicient  strength  to  withstand  the  outward 
pressure  of  the  solution  and  the  crushing  strain 
of  the  copper  anodes,  cathodes,  and  conducting 
rods  resting  upon  them.  Tie-rods  are  usually 
employed  to  add  to  the  strength  of  the  tank. 
The  size  of  the  tanks  employed  varies  greatly, 
but  one  that  is  somewhat  common  has  a  depth 
of  3  feet  6  inches  and  a  breadth  of  about  4  feet. 
The  tank  rests  on  wooden  trestles  for  the  pur- 
poses of  isolation.  At  one  of  the  sides  of  the 
tank  are  placed  the  two  main  conducting  rods, 
one  above  the  other ;  the  other  copper  rods  are 
laid  across  the  tank,  resting  at  one  side  on  one 
or  the  other  of  the  main  conducting  rods,  and  at 
the  other  on  wood  or  some  other  non-conducting 
material.  These  form  the  supjiorts  for  the 
anodes  and  cathodes.  The  ends  of  the  bars 
resting  on  the  main  conducting  rods  are  hooked 
to  prevent  them  slipping.  They  may  be  made 
hollow,  with  iron  rods  inserted  in  them  to  give 

,  the  necessary  strength.  The  impure  copper 
anodes  are  hung  from  one  set  of  these  bars, 
and,  their  weight  being  considerable,  no  special 

I  precautions  have  to  be  taken  to  ensure  contact. 
Facing  a  row  of  anodes  is  a  row  of  cathodes. 

'  These  latter,  being  formed  of  thin  sheet  copper, 
do  not  of  themselves  possess  sutlicient  weight  to 
ensure  adequate  contact  with  the  cross-bars  ou 
which  they  rest,  and  they  have  therefore  to  be 
attached  to  these  by  the  aid  of  wire.  The 
distance  apart  of  the  several  rows  of  cathodes 
and  anodes  is  usually  about  two  inches,  but 
this  depends  on  the  strength  of  the  current,  the 
nature  of  the  bath,  the  purity  of  the  copper, 
and  the  method  of  working  generally.  The 
anodes  reach  to  within  about  4  inches  of  the 
bottom  of  the  tank,  this  spare  being  left  to 
admit  of  the  deposition  of  the  impurities  sepa- 
rated during  the  solution  of  the  impure  copper. 
The  bath  cc-  isists  of  an  acid  solution  of  copper 
sulphate,  containing  about  },  lb.  of  sulphuric 
acid  and  1.'  to  2  lbs.  of  copper  sulphate  to  the 
gallon.  This  solution,  being  liable  to  separate 
into  layers  of  different  density,  must  be  kept  in 
constant  motion,  not  violent  enough,  however, 
to  prevent  the  mud  depositing  itself  inopcrly 
without  being  carried  forward  towards  the  cath- 
ode, to  the  face  of  which  it  would  immediately 
adhere.  This  is  elTected  either  by  the  aid  of 
l>umps  made  of  hard  lead,  or  by  so  anangiiig 
the  baths  that  the  solution  will  llow  from  the 
bottom  of  one  tank  to  the  surface  of  another  by 
a  syphon  action,  a  ditTcivnce  of  level  of  about 
if  inches  being  usually  sutlicient  for  this  purpose. 
On  the  first  introduction  of  the  electrolytic  pro- 
cess tor  the  relining  of  cop])er,  large  tanks  and 
electric  currents  of  low  electromotive  force  were 
employed.  Now  the  converse  is  usual,  a  large 
number  of  the  tanks  being  connected  in  series. 

With  the  exception  of  silver  and  gold,  the 
various  metallic  impurities  present  in  commer- 
cial copper  pass  into  solution  before  the  copper 
on  the  electric  current  being  passed  through  the 
anode,  and,  inversely,  with  careful  working, 
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copper  may  be  deposited  on  the  catliode  before 
those  elements  which  passed  first  into  solution. 
As  silver  is  almost  insoluble  in  the  dilute  sul- 
l^huric  acid  bath  employed  in  this  process, 
it  talis  with  the  gold  to  the  bottom  of  the 
tank  in  the  form  of  a  mud,  together  with  other 
impurities.  It  is  evident,  therefore,  that  not 
only  does  the  electrolytic  process  permit  of 
the  production  of  copper  of  a  high  degree  of 
purity,  but  it  also  affords  a  means  for  the  sepa- 
ration of  the  silver  and  gold  present  in  the 
copper  ore  originally  treated.  Owing  to  the 
large  quantity  of  copper  under  treatment,  as 
compared  with  the  production  of  the  relined 
copper,  tlie  process  is  somewhat  costly,  and 
Fontaine  is  of  opinion  that  under  favourable 
conditions  the  cost  of  refining  the  ton  of  copper 
by  this  process  cannot  be  much  less  than  (il. 
per  ton. 

The  pui'cst  copper  that  can  be  obtained 
commercially  has  nearly  as  low  a  resistance  to 
the  passage  of  an  electric  current  as  silver. 
This  resistance  is,  however,  greatly  increased  by 
the  presence  of  traces  of  other  elements.  The 
mechanical  properties  of  copper  are  also  in- 
fluenced in  a  similar  manner;  the  presence  of 
minute  quantities  of  arsenic  or  antimony  being 
very  deleterious.  The  specific  gravity  of  copper 
is  about  8-;)().  The  total  production  of  copper  in 
1887  was  about  225,000  tons. 

The  alloys  of  copper  are  of  great  importance, 
brass  being  a  copiper-zinc  alloy  ;  speculum  metal, 
bell-metal,  and  gun-metal,  alloys  of  copper  and 
tin  ;  bronze,  an  alloy  of  copper  and  tin,  with  or 
without  the  addition  of  zinc  or  lead  ;  German 
silver  an  alloy  of  copper,  zinc,  and  nickel ;  and 
delta  metal  an  alloy  of  copper,  zinc,  and  iron. 
Brass  usually  contains  about  2  parts  of  copper 
to  1  of  zinc  ;  gun-metal  91  of  copper  and  9  of 
tin  ;  bell-metal  78  of  copper,  and  22  of  tin. 

Tnn  Assay  of  Copper  Okics. 

There  are  two  main  methods  employed  in 
the  assay  of  copper  ores.  These  involve  the  use 
of  (1)  fusion  methods,  and  (2)  wet  methods. 

Fusion  inctJiods. — Tliere  are  two  processes 
belonging  to  this  class :  (1)  the  German,  and 
(2)  the  Cornish.  The  German  method  consists 
in  roasting  the  copper  ore  until  the  whole  of 
the  copper  is  present  in  the  form  of  oxide ; 
then  fusing  this  with  fluxes  and  a  reducing 
agent  for  the  production  of  an  impure  copper ; 
and  then  refining  the  impure  copper  so  obtained. 
The  Cornish  method  is  employed  for  the  treat- 
ment of  sulphide  ores,  and  resembles  the  Welsh 
method  of  copper  smelting.  It  consists  in  fusing 
the  ore  with  the  addition,  when  necessary,  of 
iron  and  sulphur  for  the  formation  of  a  copper 
regulus,  containing  about  50  p.o.  of  copper; 
then  roasting  this  regulus  to  oxide;  subjecting 
tire  roasted  ore  to  a  reducing  and  fluxing 
fusion  for  the  formation  of  metallic  copper, 
and  then  refining  the  resulting  impure  cojiper 
so  obtained. 

Both  methods  yield  very  inaccurate  results. 
The  Cornish  method  is,  however,  still  of  con- 
siderable commercial  importance,  and  is  briefly 
as  follows,  the  treatment  depending  on  the  per- 
centage of  sulphur  present  in  tlie  ore.  Copper 
ores  are,  therefore,  divisible  into  two  main 
classes,  (1)  yellow  ores  containing  more  sulphur 


and  iron  than  is  necessary  for  the  conversion  of 
the  whole  of  the  copper  present  into  a  regulus 
containing  40-()0  p.c.  of  copper,  and  (2)  rji-cij 
ores  containing  less  than  the  necessary  percent- 
ages. There  is  also  an  intermediary  class  of 
which  purjjle  copper  ore  is  an  example. 

The  quantity  of  ore  taken  for  the  assay  is 
as  follows  : 

rcreeutagc  of  coiipcr  Weiglit  of  ore 

Grains; 

10   400 

10-30    200 

Over  30  100 

The  necessary  quantity  of  the  ore,  powdered 
to  such  a  degree  of  fineness  that  it  will  pass 
through  a  60-mesh  sieve,  is  mixed  thoroughly 
with  the  necessary  quantities  of  flux,  the  follow- 
ing being  examples : 


Ore 

Ore 

Chi^s  I. 

Class  11. 

Grains 

Grains 

Ore 

200 

100 

Nitre  .- 

50 

Lime 

2110 

200 

Fluorspar 

200 

200 

Glass  . 

150 

150 

Borax  . 

150 

150 

Sulphur 

20 

Hamatite  . 

30 

Tartar  . 

30 

The  mixture  is  then  fused  in  a  clay  crucible 
for  about  15  minutes  at  a  rattier  low  tempera- 
ture and  the  contents  are  then  poured  into  an 
iron  mould.  While  still  hot,  the  button  of 
regulus  and  slag  is  dipped  for  a  moment  into 
water  to  facilitate  the  separation  of  the  regulus 
from  the  slag.  When  cold,  the  regulus  is  care- 
fully broken  off  and  the  slag  powdered  and  exam- 
ined for  shots  of  regulus.  It  may  prove  neces- 
sary to  fuse  the  slag  again  to  ensure  the  com- 
plete separation  of  the  regulus.  The  regulus 
is  then  powdered,  placed  in  a  clean  crucible  and 
roasted  carefully,  commencing  at  a  very  low 
temperature  and  stirring  continuously.  The 
temperature  should  be  high  towards  the 
end  for  the  purpose  of  decomposing  any  sul- 
phates that  may  be  formed,  The  roasted  regu- 
lus is  then  fused  for  coarse  copper  in  the  same 
crucible  as  that  in  which  the  roasting  was 
effected,  the  following  mixture  being  em- 
ployed : 

G  rains 

Tartar  (Argol)  .  .  .  50-150 
Sodium  carbonate  .       .  50-150 

Borax  .       .       .       .20-  30 

This  is  fused  for  about  15  minutes.  The 
contents  of  the  crucible  are  then  poured,  the 
button  of  slag  and  metal  dipped  into  water, 
and  the  button  of  copper  separated  when  cold 
from  the  slag.  The  slag  is  then  powdered  and 
fused  again  with  the  following  mixture  : 

Grains 

Tartar   50 

Charcoal  5 

Sodium  carbonate  .  .  .20 
The  bead  of  copper  obtained  is  added  to  that 
resulting  from  the  previous  fusion.  The  tem- 
perature of  the  furnace  is  then  raited  as  high  as 
possible,  and  the  crucible  used  in  the  previous 
operation  placed  in  the  fire.  When  the  tempera- 
ture of  the  crucible  has  exceeded  the  melting- 
point  of  copper,  the  copper  to  be  refined  is 
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placed  in  it.  The  copper  melts,  and  the  foreign 
metals  present  in  the  button,  being  oxidised 
away  before  the  copper  is  attacked,  cloud  the 
surface  of  the  molten  metal.  When  the  oxidation 
of  the  impurities  is  complete,  the  film  clears 
away,  leaving  the  surface  of  the  metal  bright. 
About  100  grains  of  refining  flux  (produced  by 
mixing  together  3  parts  by  volume  of  powdered 
nitre,  '2J  parts  of  tartar,  and  1  part  of  salt,  and 
then  deflagrating  the  mixture  by  inserting  a 
red-hot  iron)  is  then  rapidly  thrown  into  the 
crucible,  fusion  is  maintained  for  about  2 
minutes,  and  then  the  contents  of  the  crucible 
is  poured  out,  the  button  of  metal  examined, 
and  weighed  if  the  refining  has  been  properly 
elTected.  The  slag  contains  some  copper,  and 
this  is  subjected  to  a  reducing  fusion  as  before. 

Wet  mctlwds. — The  wet  method  chiefly  in 
use  for  the  assay  of  copper  ores  consists  in 
titrating  the  ammoniacal  solution  of  the  ore 
with  potassium  cyanide  until  a  colourless  solu- 
tion results. 

The  standard  solution  used  is  obtained 
by  dissolving  20  grams  of  pure  potassium 
cj'anide  in  one  litre  of  water.  If  the  ore  to  be 
assayed  for  copper  is  completely  decomposed  by 
acids,  it  is  dissolved  in  the  ordinary  way,  but 
when  silicate  of  copper  is  present,  as  in  the  case 
of  slag,  the  material  must  cither  be  fused  with 
sodium  carbonate  or  treated  with  hydrofluoric 
acid.  The  acid  solution  of  the  ore  is  treated 
with  an  excess  of  ammonia  and  ammonium 
carbonate,  and  titrated  till  colourless  with  the 
standard  solution  of  cyanide.  It  is  customary 
to  make  several  assays  simultaneously,  the  same 
interval  of  time  being  allowed  to  elapse  between 
the  commencement  and  completion  of  each 
assay  and  of  the  standardising  solution  treated 
at  the  same  time,  the  decolourising  effect  of  the 
cyanide  not  being  instantaTieous.  The  solution 
is  titrated  in  a  flask,  the  contents  of  which  is 
kept  in  constant  motion.  If  iron  is  present  in 
the  material  to  be  assayed  it  should  be  care- 
fully removed,  or  a  similar  quantity  should  bo 
added  to  the  solution  used  for  standardising. 

In  the  electrolytic  method  the  ammoniacal 
solution  of  the  copper  obtained  as  above  is 
acidified  with  nitric  acid,  placed  in  a  weighed 
platinum  dish,  and  a  current  is  passed  tlirough 
the  solution  from  two  Baniell  cells  arranged  in 
series  by  the  aid  of  a  platinum  wire  dipping 
into  it,  connected  with  the  copper  pole  of  the 
battery.  The  platinum  dish  rests  on  a  piece  of 
copper  connected  with  the  other  pole  of  the 
battery,  and  the  copper  is  deposited  on  it.  When 
the  deposition  of  the  copper  is  complete  it  is 
washed  with  water  without  breaking  tlio  current, 
then  with  alcohol,  and  finally  with  ether.  It  is 
then  dried  in  an  air-bath  and  is  afterwards 
weighed,  the  difference  in  weight  before  and 
after  the  passage  of  the  current  representing 
the  weight  of  the  copper. 

Another  wet  method,  one  of  very  consider- 
able accuracy,  that  is  employed  for  the  deter- 
inination  of  the  percentage  of  copper  in  alloys 
is  the  following.  Make  a  standard  solution  of 
sodium  hyposulphite  by  dissolving  .37  grams 
in  1  litre  of  water ;  then  make  a  solution  of 
starch  containing  about  0  3  gram  in  1  litre  of 
water. 

Dissolve  03  gram  of  the  alloy  in  nitric 


acid,  dilute  to  about  100  c.c,  add  a  concen- 
trated solution  of  sodium  carbonate  until  a 
slight  precipitate  is  produced,  then  dissolve  in 
a  slight  excess  of  acetic  acid,  add  2  grams  of 
potassium  iodide,  and  titrate  with  the  standard- 
ised solution  of  sodium  hyposulphite,  some 
starch  solution  being  added  to  determine  the 
reaction.  The  titration  must  be  effected  im- 
mediately after  the  addition  of  the  potassium 
iodide  and  the  solution  must  not  be  too  dilute. 
Ferric  salts  and  all  substances  which  decom- 
pose potassium  iodide  must  be  absent.  If  iron 
(arsenic  A'C.)  is  present  in  the  alloy  to  be 
assayed,  the  solution  must  be  first  treated  with 
sulphuretted  hydrogen  before  titrating  it. 

Literature. —  The  following  are  among  the 
principal  modern  text-books  relating  to  this 
subject:— E.  D.  Peters,  Modern  American 
Methods  of  Copper  Smelting,  New  York,  ISST  ; 
J.  A.  Phillips  and  H.  Bauermann,  Elements  of 
Metallurgy,  London,  1887  ;  A.  Classen,  Quanti- 
tative chemische  Analyse  durch  Electrolyse, 
Berlin,  1886  (French  translation  by  C.  B'las, 
Paris,  1886) ;  H.  M.  Howes,  .Article  on  Copper 
Smelting,  Bulletin  of  the  U.S.  Geological  Sur- 
vey, No.  26, 1885  ;  A.  F.  Wendt,  Pyrites  Dcj^sits 
of  the  AUeghanics ;  C.  A.  Balling.  Grundriss  der 
Elektrometallurgie,  Stuttgait,  18S8  ;  Die  Metall- 
hii'itenkunde,  Berlin,  1885 ;  Metallurgische 
Chemie,  Bonn,  1882,  and  Probirkunde,  Bruns- 
wick, 1879  (French  translation  of  the  Assay- 
ing by  L.  Gautier,  Paris,  l.SSl);  Bruno  Kerl, 
Allgemeine  Hiittenkunde,  and  (irundriss  der 
Metallhuttenkunde,  Leipzig,  1881),  Metal- 
lurgische Probirkunde,  Leipzig,  1882  (English 
translations  of  smaller  book  on  .-Vssaying  by 
J.  Brannt,  London,  1883,  and.  with  additions, 
by  F.  Lynwood  Garrison,  Philadelphia.  1889) ; 
H.  Fontaine,  Electrolyse,  Paris  (English  trans- 
lation by  ,T.  A.  Barly,  London,  18f!5) ;  W. 
Crookes,  Mitchell's  .Manual  of  Practical  .Assay- 
ing, London,  1881 ;  M.  L.  (iruner.  Traits  de 
Metallurgic,  Paris,  1875,  1878  ;  .1.  Percy,  Metal- 
lurgy, 1,  18(!1  (with  article  on  Assaying  by  Mr. 
Ilichard  Smith).  See  also  the  Bibliographies 
appended  to  the  works  of  Balling  and  oi'  Bruno 
Kcrl. 

CoMpocxns  OF  CoppEn. 

Oxides.  Four  distinct  oxides  of  copper  are 
known;  the  quadrantoxide  Cu,0,  the  sub- 
orhemi-oxide  Cu^O,  the  monoxide  CuO, 
and  the  peroxide  CuO...  An  oxide  Cu/), 
(Manmone )  and  others  intermediate  between  the 
suh(T\.ide  .and  the  mmioxide  are  also  Siiid  to  exist. 

Copper  suboxide,  or  hemioxide,  red  oxide  of 
copper,  cuprous  oxide  Cu/),  occure  native  as 
cuprite  or  red  copper  ore  and  as  chalcotrichite. 

It  may  be  prepared  (1)  by  heating  finely 
divided  copper  in  air  below  a  red  heat ;  (2)  by 
gently  heating  a  mixture  of  5  parts  cuprous 
chloride  and  3  parts  sodium  carbonate  in  a 
covered  crucible  and  separating  the  oxide  by  lixi- 
viation  ;  (3)  by  reduction  of  an  alkaline  solution 
of  a  cojiper  salt  by  sugar  or  certain  other  organic 
bodies,  as  in  Fehling's  sugar  test;  (4)  by  heating 
in  a  covered  crucil)lc  a  mixture  of  5  parts  copper 
monoxide  and  4  parts  copper  filings. 

This  oxide  is  decomposed  by  most  acids  into 
a  eupric  salt  and  copper  ;  hydrochloric  acid,  how- 
ever, converts  it  into  cuprous  chloride. 
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Cuprous  oxide  fuses  at  a  bright  red  licat.  It 
dissolves  in  metallic  copper  and  renders  it 
brittle  or  '  dry  '  when  present  in  quantity.  As 
much  as  4-6  p.c.  has  been  found  by  Al)el  in 
very  dry  copper,  and,  accor<ling  to  Watson 
(S.  C.  I.  1883,  154)  from  1  to  2^-  p.c.  is  present 
in  ordinarily  good  copper. 

It  is  largely  used  for  the  production  of  ruby 
glass,  and  together  with  the  black  oxide  forms 
one  of  the  so-called  copper  paints  used  for 
painting  ships'  bottoms. 

The  hydrous  oxide  is  produced  by  the  action 
of  alkali  on  cujirous  chloride.  It  is  a  jiowerf  ul  re- 
ducing agent,  especially  in  ammoniacal  solution. 
This  solution,  which  is  colourless,  immediately 
becomes  blue  from  the  formation  of  the  mon- 
oxide on  exposure  to  the  atmosphere,  and  thus 
forms  a  delicate  test  for  oxygen.  The  hydrous 
oxide  dissolves  in  a  concentrated  solution  of 
magnesium  chloride. 

Copper  monoxide,  cuprous  oxide,  black  oxide 
of  copper,  '  copper  oxide  '  CuO,  occurs  as  mela- 
coiiitc  or  black  coji/'t'c,  especially  at  lake 
Superior. 

It  may  be  prepared  by  heating  the  n'trate 
or  carbonate  to  dull  redness  or  the  sulphate  to 
intense  redness.  The  copper  oxide  used  for 
organic  analysis  &o.  may  be  prepared  by 
moistening  copper  scale  (the  mixture  of  suboxide 
and  black  oxide  obtained  while  working  copper 
sheet  etc.)  with  nitric  acid,  and  igniting. 

Copper  oxide  is  a  black  powder  which  ag- 
glomerates when  heated  and  fuses  at  the  melting- 
point  of  copper  with  evolution  of  oxygen,  leaving 
a  residue  containing  Cu0.2Cu._,0.  It  is  slightly 
hygroscopic,  especially  when  in  powder.  When 
heated  with  organic  substances  or  certain  guses, 
it  is  reduced  to  metal.  The  metal  produced  by 
reduction  in  hydrogen  always  contains  that  gas, 
but  if  the  oxide  be  reduced  in  formic  acid  vajiour 
the  metal  is  quite  free  from  hydrogen  and  is 
very  suitable  for  organic  analysis  (Weyl.,  B.  15, 
113'.)). 

It  dissolves  in  acids  with  formation  of 
cupric  salts.  In  oils  etc.  it  is  soluble  to  some 
extent ;  it  is  for  this  reason  that  copper  cooking 
vessels  re(iuire  such  constant  cleansing. 

Copper  oxide  is  used  for  ultimate  organic 
analysis  ;  to  make  green  and  blue  glass,  and  to 
some  extent,  as  a  pigment.  It  has  also  been 
used  as  one  electrode  of  a  galvanic  cell  (v. 
Lelande  and  Chaperon,  Bl.  [2]  40,  173). 

Hydrated  copper  oxide  CuO.H^  may  be 
prepared  by  precipitating  a  solution  of  a  copper 
salt  by  addition  of  alkali  and  washing  rapi(lly. 
When  heated  with  water  it  becomes  black  and 
amorphous.  The  hydrated  oxide  dissolves  in 
ammonia,  the  saturated  solution  in  strong  am- 
monia being  known  as  '  Schweitzer's  reagent.' 
This  solution,  which  may  also  be  prepared  by 
exposing  copper  turnings  partially  covered  witli 
ammonia  to  the  air,  has  the  property  of 
gradually  dissolving  cellulose  with  formation 
of  a  viscid  solution.  The  'Willesden  papers' 
are  prepared  from  solution  of  cellulose  in 
ammoniacal  solution  of  copper  or  zinc  oxides 
{v.  Celhtlose). 

The  hydrated  oxide  is  also  used  as  a  blue 
pigment  by  paper-stainers,  but  becomes  green  on 
ex|iosure.  It  corresponds  closely  with  certain 
of  the  highly  basic  carbonates  sold  as  verditers. 


According  to  Dumas  it  is  best  prepared  as  fol- 
lows :  6  parts  of  cojjper  sulphate  are  dissolved 
in  water  and  mixed  with  a  solution  of  3  parts  of 
calcium  chloride.  The  clear  liquid  is  decanted 
from  the  precipitated  calcium  suljihate  and  is 
mixed  with  1^  parts  of  lime  made  into  a  cream 
with  water.  The  greenish  precipitate  is  col- 
lected, washed,  and  mixed  with  one-fourth  its 
weight  of  slaked  lime  and  as  much  pearl  ash, 
and  to  render  the  colour  more  permanent,  one- 
fourth  its  weight  of  ammonium  chloride  and 
one  half  its  weight  of  copper  sulphate  are  usually 
added. 

Salts.  Two  series  of  copper  salts  are  known, 
cuprous  and  cupric.  The  former  are  mostly  in- 
soluble in  water,  and  are  of  but  little  commer- 
cial importance.  They  act  as  powerful  reducing 
agents  and  readily  pass  into  the  cupric  condi- 
tion. Cupric  salts  are  mostly  soluble,  and  are 
of  wide  application. 

Cuprous  chloride  Cu.Clo  may  be  prepared, 
amongst  other  methods,  by  boiling  cupric  chlor- 
ide with  hydrochloric  acid  and  copper  turnings. 
On  addition  of  water  it  is  precipitated  in  white 
crystals. 

It  melts  below  a  red  heat  into  a  yellow 
transparent  mass.  The  dry  crystals  become 
yellowish  on  exposure  to  light ;  if  moist  they 
acquire  a  dirty  violet  tinge.  I'lates  of  copper 
coated  with  this  chloride  by  the  action  of 
chlorine  will  take  photographic  impressions,  but 
cannot  be  made  to  withstand  exposure  to  light 
V.  Carlemann  (J.  pr.  t)3,  475)  and  I'riwoznik 
(D.  P.  J.  221,  38). 

The  hydrochloric  acid  solution,  when  exposed 
to  air,  absorbs  oxygen  and  acquires  a  brown 
colour,  subsequently  depositing  a  pale  bluish- 
green  insoluble  copper  oxvchloride 

CuCl,.3Cub.4H,0. 
An  identical  substance  used  as  a  pigment,  and 
known  as  Brunswick  green,  is  prepared  by 
boiling  a  solution  of  copper  suliiliate  with  a 
small  quantity  of  bleaching  powder  solution,  or 
by  moistening  copper  turnings  with  hydrochloric 
acid  or  amnioniuni  chloride  with  free  exposure 
to  air.    It  occurs  in  nature  as  atacamite. 

Cuprous  sulphide  Cu^S  occurs  as  clialcoitc  or 
copper  glance.  It  may  be  prepared  by  heating 
copper  to  redness  in  sulphur  vapour,  or  by  heat- 
ing a  mixture  of  copper  and  sulphur.  It  has  no 
commercial  application. 

Cupric  chloride  CuCl._,  may  be  prepared  as  a 
fused,  liver-coloured,  anhydrous  mass  by  heat- 
ing copper  in  excess  of  chlorine.  In  solution  it 
may  be  prepared  by  dissolving  the  oxide  in 
hydrochloric  acid.  It  crystallises  in  grass-green 
prisms  or  needles  containing  2  molecules  of 
water.  They  become  pale  blue  when  dried  in 
vacuo. 

Cupric  chloride  is  very  dclicpicsccnt  and  is 
soluble  in  alcohol.  When  a  small  quantity  of 
potash  is  added  to  the  aqueous  solution,  a  pale 
blue  basic  oxychloride  2CuO.CuCh.4H.^O  is 
precipitated.  It  turns  to  a  black  anhydrous 
powder  when  heated,  but  again  becomes  green 
with  absorption  of  3  molecules  of  water  when 
moistened.  It  is  an  intermediate  jsroduct  in  the 
manufacture  of  vcrditer  {v.  Cojpcr  carbonates). 

Cupric  chloride  is  used  in  calico  p)rinting,  in 
the  manufacture  of  mciltijl  violet,  and  for  the 
oxidation  of  Cutch  colours. 
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Cupric  sulphate,  Blue  vitriol  CuSO^.oBLO. 

This  salt  may  be  prejiared  by  dissolving  copper 
or  its  oxide  in  sulphuric  acid. 

It  is  prepared  on  the  large  scale  from  metallic 
copper  in  the  following  way.  Old  copper  plates 
from  the  sheathing  of  ships  &c.  are  heated  to 
strong  redness  in  a  reverberatory  furnace  and  an 
excess  of  sulphur  is  tlirown  in  and  the  doors  are 
closed.  When  combination  is  complete,  the 
doors  ai"e  re-opencd  and  the  heat  is  raised  to 
dull  redness  to  oxidise  the  sulpljide  into  sul- 
phate. The  mass,  while  hot,  is  thrown  into 
dilute  sulphuric  acid,  allowed  to  settle,  decanted, 
concentrated,  and  crystallised.  The  sulphate  so 
produced  is  of  considerable  purity. 

Coarse  copper  and  copper  glance  or  other  sul- 
phurous copper  ores  are  similarly  treated.  When 
much  iron  is  present,  as  in  most  copper  ores  and 
especially  in  cojjper  pyrites,  it  would  be  impos- 
sible to  separate  the  copper  and  ferrous  sul- 
phates by  crystallisation,  because,  although 
copper  sulphate  crystallises  normally  with  5 
molecules  of  water,  it  forms,  in  presence  of 
ferrous  sulphate,  crystals  isomorphous  with  that 
salt  and  containing  7  molecules  of  water. 
By  carefully  adjusting  the  temperature  at  which 
the  sulphide  is  roasted,  however,  the  iron  salt 
may  be  converted  into  the  oxide  while  the 
copper  sulphate  remains  almost  unaffected.  The 
iron  may  be  oxidised  aud  thus  separated  from 
the  copper  by  boiling  the  solution  with  a  little 
nitric  acid.  It  may  also  be  precipitated  as  oxide 
by  boiling  with  copper  oxide  or  by  boiling  with 
lead  peroxide  with  subsequent  addition  of  a  little 
barium  carbonate. 

When  the  sulphate  is  required  for  purposes 
where  the  presence  of  iron  is  not  injurious,  such 
liquors,  or  the  mother-liquors  from  which  the 
purer  salt  has  been  separated,  may  be  at  once 
crystallised  out  with  the  formation  of  crystals 
containing  both  iron  and  cojjpcr.  The  '  agri- 
cultural copper  sulphate  '  is  of  this  class.  The 
'  Salzburg  vitriol,'  prepared  at  Buxweiler, 
also  contains  both  iron  and  copper.  Accord- 
ing to  Lcfort  (C.  R.  26,  185),  it  consists  of 
CuSOj..3FeSO,.28H,0.  '  Cijprian  vitriol,'  pre- 
pared at  Chessy  from  zinciferous  copper  ores, 
forms  blue  rhombic  prisms,  which  contain,  ac- 
cording to  Lcfort,  CuS0,..SZnS0,.2SH,0. 

The  copper  may  be  separated  from  the  fer- 
rous mothtr  licjuors  by  placing  them  in  vats 
containing  iron  plates  upon  which  the  cojjper  is 
slowly  deposited. 

This  metal  or  other  copper  may  be  oxidised 
in  a  reverberatory  furnace  and  dissolved  in  dilute 
sulphuric  acid.  If  copper  be  known  to  contain 
silver  or  gold,  as  is  the  case  with  that  from  the 
Harz,  it  is  treated  with  sulphuric  acid  diluted 
with  its  own  volume  of  water,  the  copper  being 
thus  dissolved  while  the  silver  and  gold  are  un- 
attacked. 

Argentiferous  copper  ores  are  roasted  in  a 
reverberatory  furnace  and  added  in  small 
charges  to  sul])huric  acid  and  digested  until  the 
solution  contains  but  little  free  acid.  The  solu- 
tion is  then  decanted  from  the  precipitated  lead 
and  gold,  and  is  concentrated  and  run  into  lead- 
lined  tanks  containing  plates  of  copper  upon 
which  all  the  silver  and  part  of  the  antimony 
and  arsenic  are  deposited,  while  the  greater  pro- 
portion of  the  bisinutJi  is  precipitated  as  a  basic 


I  sulphate  and  the  iron  is  reduced  to  the  ferrous 
I  condition.  The  liquor  is  then  crystallised,  the 
1  mother  liquors  being  used  for  treating  a  fresh 
!  quantity  of  ore.  Copper  sulphate  is  obtained  of 
1  great  purity  and  in  considerable  quantity  in  tlie 

refining  of  silver  by  precipitating  it  upon  plates 
1  of  copper  from  its  solution  as  sulphate  (v. 

Silver). 

I       Copper  suli)hate  crystallises  in  large  trans- 
parent blue,  doubly  oblique  rhombic  prisms  of 
sp.Rr.  2-28  and  containing  CuSO,.5HjO.  Ac- 
cording to  Poggiale  their  solubility  in  iOO  parts 
'  of  water  is 

10='C.        20°         .30"         40°  50° 
36-59       42-31       4881       5G-9  «5-83 
70°  80°  90°  100° 

94-60  1180  15(i-44  203  32 
When  heated  to  100°  it  loses  1  molecule  of 
water  and  elilorcsces  to  a  bluish-white  powder; 
at  220°  to  240°  it  becomes  anhydrous,  white,  and 
hygroscopic,  and  combines  w-ith  w-ater  with  con- 
siderable heat.  The  sp.gr.  of  the  anhydrous 
salt  is  3-606  (Thorpe  and  Watts).  The  anhy- 
drous salt  combines  with  water  in  alcohol  and 
other  organic  liquids  with  production  of  a  blue 
colour,  and  may  be  used  for  ascertaining  the 
presence  of  water  in  those  substances,  but  the 
test  is  not  dehcale.  The  anhydrous  suit  is  also 
soluble  in  a)i/i(/rf;o».s' methyl  alcohol,  and  produces 
a  bluish-green  solution  (Kepi.,  J.  pr.  25,  526). 

Copper  sulphate  absorbs  hydrochloric  acid 
gas  with  evolution  of  heat,  forming  cupric  chlor- 
ide and  liberating  sulphuric  acid.  It  is  there- 
fore used  to  remove  hydrochloric  acid  from  such 
gases  as  chlorine  or  carbon  monoxide.  A  similar 
reaction  occurs  in  solution. 

When  mixed  in  solution  with  molecular  pro- 
portions of  potassium  and  other  sulphates,  it 
produces  well-detined,  crystalline  double  sul- 
phates.   Several  basic  sulphates  are  known. 

The  sulphate  is  the  most  important  of  the 
copper  salts.  It  is  largely  used  in  calico  print- 
ing, principally  in  connection  with  pvitassiuni 
bichromate  or  iron  mordants  ;  in  black  dyeing 
with  logwood ;  directly  or  indirectly  for  the  pre- 
paration of  most  pigments  containing  copper ; 
to  prevent  rot  in  timber.  In  agriculture  the 
crude  suli^hate  containing  ferrous  sulphates  is 
used  to  a  considerable  extent  to  prevent  s-niut  in 
seeds.  The  seeds  are  soaked  for  some  hours  in  a 
weak  solution  of  the  sulphate,  and  are  sown 
within  twenty-four  hours.  A  10-20  p.c.  solu- 
tion of  copper  sulphate,  preferably  mi.sed  with 
lime,  is  applied  to  vines  with  great  benefit.  A 
small  quantity  is  found  in  the  vines  and  must, 
but  the  tannin  and  sulphur  introduced  before 
fermentation  ap]icar  to  remove  it,  its  presence 
in  wine  not  having  been  delinilely  jiroved  (v. 
Muntz,  C.  E.  101,  895,  aud  Millardet  and  Gayon, 
C.  K.  101,  924,  and  985). 

Cupric  aitrate  Cu(NO.|)._.  may  be  prepared 
by  dissolving  copper  or  the  oxide  or  carbonate  in 
nitric  acid.  The  solution  at  temperatures  above 
20^C.  deposits  dark-blue  crystals  containing 
3  molecules  of  water,  which  meU  at  11 1-5^  and 
boil  at  170°  with  evolution  of  nitric  acid  and 
formation  of  a  green  basic  salt.  This  basic  salt 
may  also  be  prepared  by  boiling  the  solution  of 
the  nitrate  with  copper  or  copper  hydrate,  or  with 
a  little  alkali  (v.  also  Copper  carboiuUes  for 
an  application  of  the  basic  nitrate). 
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Copper  nitrate  is  used  to  a  slight  extent  in 
dyeing  and  calico  printing. 

Copper  acetate  v.  Metallic  acetates,  art. 
Acetic  acid. 

Copper  arsenite  v.  Sehcclo's  green,  art. 
AnsENic. 

Cupric  phosphate  is  of  no  technical  interest. 
A  brilliant  green  colour  containing  a  basic  phos- 
phate, prepared  by  printing  a  mixture  ol  copper 
acetate,  sodium  phosphate  and  ammonia  has, 
however,  been  used  for  calico  printing  (Bour- 
cart,  Monit.  Sci.  [H]  4). 

Phosphorus  combines  in  several  proportions 
with  copper,  and  produces  true  alloys,  which  in 
many  case.s  are  of  exceptional  value. 

Cupric  sulphide  CuS,  occurs  as  coicllitc  or 
indigo  copper  in  bhie  flexible  plates,  in  Vesuvian 
lava,  in  Chili,  and  in  the  copper  mines  of  Mans- 
feld.  It  may  be  prepared  by  heating  cuprous 
sulphide  with  sulpJiur  at  a  temperature  not 
above  the  boiling-point  of  sulphur ;  by  digesting 
cuprous  sulphide  witli  cold  strong  nitric  acid  ; 
by  precipitating  a  copper  solution  with  suljihu- 
rcttod  hydrogen.  On  the  large  scale  it  is  ob- 
tained as  a  paste  by  precipitating  a  solution  of 
the  sulphate  with  sodium  sulphide.  This  jjaste 
is  used  in  calico-printing  for  the  development  of 
aniline  blacl;. 

Copper  carbonates.  Tlie  normal  salt  has  not 
been  prepared,  but  several  basic  carbonates  are 
known,  and  used  as  blue  and  green  pigments. 
Basic  copper  carbonate  occurs  native  as  malach  ite 
Cu(H<))XuCO.|,  and  as  azurite  or  chcssyJitc 
Cu(HO).j.2CuC0.,.  When  ground  these  minerals 
form  a  fine  but  expensive  pigment. 

An  anhydrous  basic  carbonate  is  i^recipitated 
on  addition  of  a  solution  of  sodium  carbonate 
to  a  hot  solution  of  copper  sulphate  or  nitrate. 

Under  the  names  Verditer  green,  Vcrditer 
blue,  Bremen  green,  and  Bremen  blue,  this 
salt  is  largely  prepared  for  paper-staining  &c. 
According  to  Habich  (Technologiste,  17,  413), 
the  following  processes  are  in  use.  A  hundred 
parts  of  old  copper  sheathing  from  which  im- 
purities, oxide,  &c.,  have  been  removed  by  diges- 
tion in  dilute  sulphuric  acid,  is  cut  into  pieces 
and  mixed  with  a  paste  formed  by  moistening  a 
mixture  of  '.)9  parts  potassium  sulphate  and  100 
parts  common  salt,  and  the  mixture  is  stirred 
occasionally  for  some  months  to  ensure  thorough 
exposure  to  the  atmosphere.  The  action  aj^pears 
to  consist  in  the  production  of  cupric  chloride, 
which  in  presence  of  the  metal  becomes  con- 
verted into  a  basic  chloride,  and  finally,  by  the 
action  of  the  oxj-gen,  into  an  oxychloride.  If 
the  oxidation  be  incomplete,  the  subchloride  is 
not  completely  oxidised,  and  as  it,  when  subse- 
quently decomposed  by  alkali,  gives  an  orange- 
red  precipitate  of  suboxide,  the  pigment  would 
be  lowered  in  value.  The  oxychloride  may  also 
bo  similarly  prepared  from  a  mixture  of  100 
parts  copper,  GO  parts  common  salt,  and  30  parts 
strong  sulphuric  acid  diluted  with  three  times 
its  volume  of  water  ;  or  by  treatment,  with  free 
atmospheric  exposure,  of  copper  with  a  solution 
of  cupric  chloride  in  hydrochloric  acid. 

To  100  kilos,  of  this  thick  magma  of  oxy- 
chloride, which  has  been  washed  by  decantation, 
a  concentrated  solution  containing  7  kilos,  copper 
sulphate  and  40  kilos,  concentrated  soda  solution 
(3'2-3(j°B.)  is  added.  The  mixture  is  vigo- 
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rously  stirred  and  poured  at  once  into  ItiO  kilos, 
of  soda  solution  (20°B.).  The  ju'ecipitate  is 
washed, passed  through  a  fine  hair  sieve, and  dried 
spontaneously  or  at  a  temperature  below  78°F. 
If  hot  air  be  used  in  the  drying,  it  must  be  quite 
free  from  acid  or  suli^hur  gases.  To  produce  the 
finest  colour,  desiccation  must  be  perfect. 

Habich  recommends  the  following  process 
for  making  a  verditer  which  has  a  very  diti'erent 
composition  from  the  above.  A  solution  of 
copper  oxide  in  nitric  acid  is  treated  with  potas- 
sium carbonate,  which  is  added  in  portions  until 
most,  but  not  all,  the  copper  has  been  preci- 
pitated. The  green  precipitate  is  w-ashed  and 
introduced  into  a  solution  of  copper  nitrate 
whereby  it  is  converted  into  a  heavy  green  in- 
soluble basic  nitrate.  This  is  digested  in  a 
solution  of  potassium  zincate  (formed  by  dis- 
solving zinc  in  caustic  potash  solution).  A  dark- 
blue  pigment,  of  great  '  body  '  but  little  weight, 
is  thus  produced.  It  contains  zinc  and  copper, 
apparently  combined  as  a  double  oxide  or  as 
'  copper  zincate,'  and  a  small  quantity  of  basic 
copper  nitrate.  The  by-product  from  this  pro- 
cess, potassium  nitrate,  is  also  valuable. 

Verditer  may  be  prepared  by  agitating  a 
solution  of  copper  nitrate  with  chalk.  The 
washed  pasty  precipitate  is  mixed  with  8-10  p.c. 
of  freshly  burnt  lime  with  production  of  a  fine 
velvety  blue  pigment.  The  precipitate  without 
addition  of  lime  is  green. 

According  to  Geutele,  the  following  process 
is  adopted  at  Bremen,  Cassel,  &c.  22.3  lbs. 
sea  salt  and  222  lbs.  blue  vitriol,  both  free 
from  iron,  are  mixed  dry  and  ground  between 
millstones  with  water,  to  a  thick  paste.  This 
paste  is  mixed  in  strata  with  226  lbs.  of  clean 
j  copperplate  cut  into  pieces  about  one  inch 
I  square,  in  wooden  chests  made  without 
nails,  and  the  mixture  is  digested  for  about 
three  months  with  the  maximum  exposure  to 
air,  the  whole  being  well  mixed  and  exposed 
about  once  a  week.  When  the  action  is  com- 
plete, the  undissolved  metal  is  removed  and  the 
I  precipitate  is  washed  with  a  minimum  of  water, 
filtered  and  thrown  into  a  tub.  To  ISO  lbs.  of 
the  magma  12  lbs.  of  hydrochloric  acid  (li!°B.) 
is  added,  and  the  mixture  is  stirred  and  left  for 
24  or  36  hours.  Six  volumes  of  this  solution  is 
mixed  with  15  volumes  of  caustic  alkali  (l'J°B.) 
followed  after  an  interval  by  6  volumes  of  water. 
The  mass  is  well  mixed  and  left  for  3(1-48  hours, 
and  is  then  well  washed  by  decantation,  filtered, 
exposed  for  some  time  in  a  moist  condition  to 
the  air,  and  finally  dried  {v.  also  Copper  mon- 
oxide). 

COPPER  GLANCE.  Cuprous  sulpluda  v. 
CoiTKi;. 

COPPER  PAINT  v.  Copper. 

COPROLITES.  Concretionary  mixtures  of 
calcium  phosphate  and  calcium  carbonate,  de- 
rived from  the  excrements  of  certain  extinct 
fishes  and  reptiles.  Formerly  much  used  in 
the  manufacture  of  supei'ijhosphate  of  lime  (v. 
Mamtue). 

CORAL  is  the  calcareous  substance  secreted 
by  many  varieties  of  four  kinds  of  organisms, 
viz.  (1)  Actinozooids,  the  principal  creators  of 
coral  reefs;  (2)  Hydrosooids,  of  the  group  of 
acalephs,  makers  of  the  large  common  corals 
known  as  millepores  ;  (3)  Brijozoans,  producing 
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delicate  corals  in  various  forms,  resemblinR 
mosses,  branches,  thin  iilanientary  deposits,  or 
more  solid  masses  [in  the  Palji-ozoic  limestone 
formation  this  snccies  of  coral  abounds]  ;  (4) 
j\'iillij>orcs,  whiih,  although  closely  resemblint; 
milleijores,  are  veritable  algic  or  sea-weeds; 
they  may  be  readily  distinguished  from  the 
millepores  by  the  absence  of  perforations. 

Coral  is  simply  a  secretion  corresponding  to 
the  bone  of  vertebrates  or  the  shell  of  uiollusca, 
and  is  composed  almost  entirely  of  calcium  car- 
bonate derived  from  sea-water  and  from  the 
food  of  the  coral-making  polyps. 

Ordinary  cnral  is  somewhat  harder  than 
limestone  or  marble,  and,  when  tapped  with  the 
hammer,  gives  out  a  ringing  sound  clearer  than 
is  elicited  from  ordinary  calcimu  carbonate.  The 
sp.gr.  of  fifteen  specimens  examined  by  Silliman, 
averaged  2-5'23. 


Composition  of  Coral. 
S.  P.  Sharpies  (Am.  S.  31,  168)  found 


Calcium 
cirbonate 

Ciilcium 
phos- 
phate 

Water 

anil 
orgiiiiio 
mutter 

Oculina  arbuscula, 

N.  Carolina  . 

95  37 

0-84 

3-79 

Maniciiia  areolata, 

Florida 

9G-5i 

0-50 

2-96 

Agaricia  agancitcs, 

Florida 

97-73 

0-53 

1-G4 

Sidcraatnearadians, 

Florida 

97-30 

0-28 

2-42 

Madrcpora  ccrvicor- 

nis,  Florida  . 

98-07 

0-32 

1-93 

Madrcpora  palmata, 

Florida 

97-19 

0-78 

2-81 

Small  and  variable  quantities  of  magnesium 
carbonate,  calcium  sulphate,  calcium  fluoride, 
alkaline  chlorides,  silica,  and  oxide  of  iron  are 
found  ill  corals. 

The  red  coral,  Coralliurn  ruhrum,  varies  in 
colour  from  crimson  to  rose,  the  latter  being 
the  rarest  and,  therefore,  the  most  prized.  It  is 
gathered  from  the  rocky  bottom  and  shores  of 
the  Mediterranean ;  and  it  occurs  most  abun- 
dantly at  a  depth  of  25  to  oO  feet ;  although, 
according  to  Dana,  it  may  be  found  as  deep  as 
1,000  feet.  Forchhannner  found  2-1  p.c.  mag- 
nesia in  Corallium  ruhrum,  and  G-3()  in  Isis 
hippuris.  According  to  TrouimsdoriT,  the  red 
pigment  of  coral  is  a  resin  soluble  in  oil  of 
turpentine,  and,  after  removal  from  the  coral  by 
this  solvent,  is  easily  soluble  in  alcohol  and 
ether,  but  insoluble  in  caustic  potash.  In  a  red 
madrepore,  Vauquelin  found  a  red  colouring- 
matter  which  was  turned  violet  by  alkalis. 
Moseley  has  described  in  some  corals  and  allied 
organisms  a  red  colouring-matter(/'o///;>or^)/tyn») 
which  is  insoluble  in  water,  glycerine,  alcohol, 
ether,  and  in  strong  solutions  of  ammonia  and 
potash.  It  is  soluble  in  moderately  strong  sul- 
phuric, nitric,  or  hydrochloric  acids.  For  the 
formation  and  distribution  of  coral  and  coral- 
reefs  Ac.  I-.  Corals  and  Coral  Islands,  J.  D.  Dana; 
Coral-reefs,  Darwin  ;  Murray,  in  Proc.  It.  Soc. 
Edinb.  1,S80,  p.  505.  V.  also  Forchhannner 
(J.  pr.  49,52;  J.  1817,  1291;  1849,813;  1851, 


805  ;  1852,  958-PCl)  ;  Sharpies,  loc.  cit. ;  Mose- 
ley,  Qu.  .Tourn.  Microscp.  Sci.  vol.  xvii.  1877. 

CORALLINE  v.  At hink. 

CORDIALS  and  LIQUEURS  are  compounds 
of  weak  spirit  sweetened  and  flavoured  with 
spices,  fruits,  or  other  substances.  The  fruit- 
essence  which  it  is  desired  to  use  having  been 
obtained  by  distillation,  it  is  added  to  a  syrup  uf 
the  sugar  and  spirit.  The  spirit  must  be  '  silent,' 
i.e.  of  so  great  purity  as  not  to  betray  its  origin, 
otherwise  the  flavour  is  impaired.  If  the  fruit 
or  other  source  of  the  flavouring  is  used  in  bulk, 
it  is  allowed  to  digest  in  the  syrup  for  a  ])criod 
of  6  to  40  days,  according  to  its  character. 
The  French  are  adepts  in  the  manufacture  of 
I  these  preparations,  and  their  use  is  more  general 
with  them  than  in  this  country,  under  such 
names  as  absintlu:  (flavoured  wiih  the  tops  of 
the  absinl}iiu)n),  groscille  (currant),  anisette 
(aniseed),  and  numerous  others.  Extracts  pre- 
pared in  this  manner  are,  however,  largely  used 
in  England  in  confectionery  and  effervescing 
watirs. 

CORIANDER,  OIL  OF,  v.  Oils,  essential. 

CORE.  The  bark  of  Qucrcus  Siibcr,  a  tree 
which  grows  in  the  south  of  France,  Italy,  and 
Spain,  in  North  Africa  and  in  the  East.  Tlie 
bark  is  stripped  from  the  tree  in  square  sections, 
steeped  in  water,  flattened  under  weights  and 
dried  before  tires.  It  possesses  a  singular  elas- 
ticity and  toughness  which  make  it  available  for 
stoppering  bottles  and  other  similar  purposes. 
Its  liglitness,  moreover,  leads  to  its  use  for  life- 
belts and  otlier  purposes  wliere  exceptional 
buoyancy  is  retpiired.  The  refuse  of  cork  also, 
in  the  form  of  a  kind  of  sawdust,  is  employed 
in  the  manufacture  of  a  carpeting  for  floors. 

Cork  consists  for  the  most  part  of  suberiu,  a 
form  of  cellulose.  Suberin  nuty  be  obtained 
by  exhausting  the  bark  with  solvents  such  as 
alcohol,  ether,  and  sulphuric  acid.  Chevreul 
found  also  a  fragrant  substance  cerin,  a  soft 
resin,  a  yellow  and  a  red  colouring  matter, 
quercitannic  acid,  gallic  acid,  and  a  brown  nitro- 
genous substance,  salts  of  vegetable  acids, 
calcium,  and  water.  By  treatment  with  nitric 
acid  cork  yields  oxalic,  suberic,  and  eerie  acids. 

^l)io«<ijja?».s/Ws,  or  cork-wood,  growing  in  the 
West  Indies,  furnishes  a  soft  wood  from  which 
corks  are  made. 

Cork,  or  Korker.  The  n.ame  given  in  the 
Highlands  of  Scotland  to  Lcconora  tartarea. 
It  is  made  into  a  dye  by  bruising  the  lichen  and 
macerating  it  in  putrid  urine  for  a  space  of 
several  weeks,  a  quantity  of  salt  being  added. 
When  the  reciuired  crimson  or  purple  colour  is 
extracted,  the  material  is  brought  to  the  consis- 
tency of  a  paste  by  the  addition  of  lime  or  burnt 
shells,  and  is  dried.  As  required  for  use  the  dried 
substance  is  ])Owdered  and  boiled  with  alum. 
In  Slu'lland  both  the  dye  and  the  lichen  are 
called  Koikalctl. 

CORNEOUS  LEAD  r.  I-i :ai>. 

CORNISH  CLAY  r.  Clay. 

CORNISH  STONE  v.  Clay. 

CORNUTINE  r.  Eiuior  of  hye. 

CORUNDUM.  {Curindon,  Fr. ;  Korund,  Ger.) 
Native  alumina  ;  so  called  from  its  Hindu  name 
Kurand,  whence  it  is  assumed  that  the  mineral 
was  originally  brought  to  Europe  from  India. 
From  its  hardness,  which  is  second  only  to  that  of 
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the  Jiamonci,  it  is  sometimes  known  as  (uhiinau- 
iiiic  spar  (Dliimnnlspath,  Gei.).  Most  minei'alo- 
gists,  following  Haiiy,  use  tlie  term  corundum 
in  an  extended  sense,  so  as  to  include  the  three 
minerals,  adamantine  spar,  sapphire,  and  emery. 
Emery  is  an  impure  variety,  never  crystallised 

Emery),  but  the  other  varieties  crystallise  in 
the  rhombohedral  system,  usually  in  double  six- 
sided  pyramids  and  rhombohedra,  with  tlie  basal 
plane.  The  cleavage  is  rhombohedral,  and  tlie 
mineral  also  splits,  more  or  less  interruptedly, 
parallel  to  the  base,  in  consequence  apparently 
of  its  laminated  texture.  The  lustre  is  vitreous, 
and  therefore  different  from  that  of  diamond  ; 
some  varieties  exhibit  a  pearly  lustre  on  the 
basal  plane.  It  is  optically  uniaxial ;  double 
refraction  negative,  co  =  l-7G!l,  €  =  1-7.jO.  The 
coloured  varieties  are  markedly  pleochroic.  H.  9 ; 
sp.gr.  3'J-il.  Infusible  before  the  blowpipe; 
but  with  borax  fuses,  with  difficulty,  to  a  clear 
glass.  Unattacked  by  acids.  The  tine  powder 
strongly  heated  with  cobalt  solution  gives  the 
characteristic  blue  colour  of  alumina. 

The  dull-coloured  and  opaque  varieties,  to 
which  the  term  corundum  is  sometimes  re- 
stricted, occur  chieily  in  India,  China,  Siberia, 
and  the  United  States.  The  mineral  has  been 
obtained  for  ages  from  the  old  crystalline  and 
metamorphic  rocks  of  Southern  India,  notably 
from  the  Salem  District,  Madras.  Large  de- 
posits, of  grey,  red,  or  purple  tints,  occur  near 
Singrauli,  in  S.  Eewah,  where  it  is  systema- 
tically worked.  The  hardness  of  the  mineral 
renders  it  dilticult  of  extraction,  and  tire  is 
often  lighted  against  the  face  of  the  rock  to  aid 
in  loosening  fragments.  The  matrix  of  the 
Salem  corundum  was  described  by  De  Bournon 
as  a  distinct  mineral  under  the  name  of 
Iivliaiiitc,  but  it  appears  to  be  only  a  variety  of 
the  felspar,  anorthite.  According  to  Newbold, 
the  Indian  corundum  occurs  in  gneiss,  mica- 
schist,  or  hornblende  schist.  (On  Indian  corun- 
dum V.  Man.  Geol.  Ind.  3  [V.  Ball],  1881,  421  ; 
and  vol-  4  [F.  K.  Mallet],  1887,  40.) 

In  America  large  de)iosits  of  corundum  occur 
in  the  older  rocks  of  the  Atlantic  States,  espe- 
cially in  N.  Carolina  and  Georgia.  In  1871  it 
was  discovered  by  C.  W.  Jenks  at  Corundum 
Hill,  Macon,  N.  Carolina,  where  the  common 
varieties  passed  into  brightly-coloured  trans- 
parent forms,  sulHciently  tine  in  some  eases  to 
be  cut  as  gem-stones,  and  interesting  as  afford- 
ing the  first  instance  of  the  occurrence  of  ruby 
and  sapphire  in  their  original  matrix  (Q.  J.  G.  S. 
30,  1874,  303). 

This  deposit,  as  well  as  that  at  Laurel  Creek, 
Georgia,  is  now  extensively  worked  by  the 
Hampden  Emery  Company.  The  coiundum  at 
both  localities  occurs  in  association  with  pcrido- 
tite  and  hornblende  gneiss.  Blocks  weighing  as 
much  as  5,000  lbs.  each  have  been  extracted. 
The  corundum  is  prepared  for  the  market  by  a 
succession  of  crushings  and  washings,  the 
dressed  mineral  being  finally  sifted  so  as  to 
separate  it  into  various  grades  of  fineness,  dis- 
tinguished in  trade  by  numbers  ;  the  finest  and 
least  valuable  being  known  as  '  flour.'  The 
crushing  is  performed  by  means  of  stamps  and 
rollers,  but  these  require  frequent  repair  in  con- 
sequence of  rapid  wear  due  to  the  extreme  hard- 
ness of  the  mineral.    It  is  more  difficult  to 


crush  corundum  than  emery,  in  eonsequeneo  of 
its  superior  hardness. 

Corundum  is  largely  used  as  an  abrading 
agent.  Taking  the  abrasive  power  of  sapphire 
as  100,  that  of  the  American  corundum  varies 
from  90  to  97,  while  that  of  Naxos  emery  is 
only  between  40  and  57.  The  abrasive  power, 
or  '  effective  hardness,'  is  estimated  by  rubbing 
a  weighed  sample  of  the  mineral  on  a  piece  of 
plate-glass;  the  glass  is  weighed  before  com- 
mencing the  operation,  and  is  re-weighed  from 
time  to  time  during  the  grinding,  when  its  loss 
'  affords  an  estimate  of  the  abrading  power  of  the 
I  substance.  Of  late  years  corundum  has  been 
I  largely  used  in  the  form  of  '  corundum  wheels,' 
which  are  prepared  by  incorporating  the  coarsely- 
crushed  mineral  with  a  medium  that  admits  of 
being  readily  moulded.  (On  American  corundum 
V.  T.  M.  Chatard  in  Bui.  U.  S.  Geol.  Surv.  No. 
42,  p.  45  ;  and  Min.  Res.  U.  S.  for  1883  and 
1884,  714  ;  and  W.  A.  Kaborg,  id.  for  1880,  585.) 

The  transparent  varieties  of  corundi.m,  when 
cut  and  polished,  are  highly  valued  as  gem- 
stones.  When  blue  it  is  termed  sapphire,  while 
the  clear  colourless  stones  often  pass  under  the 
name  of  wJute  sappliirc.  The  red  varieties  are 
known  as  riibi/,  or  as  orient. d  rnbi/,  the  qualify- 
ing word  being  used  to  distinguish  it  from  in- 
ferior stones,  such  as  spinel,  which  are  also 
termed  '  ruby.'  BarJdyite  is  a  turbid  magenta- 
j  tinted  corundum  from  Victoria.  The  other  co- 
loured corundums  are  generally  known  as 'orien- 
tal '  stones  ;  thus  the  yellow  varieties,  though 
sometimes  called  yellow  sapplure,  are  usually 
termed  oriental  topaz;  the  purple  stones  are 
!  distinguished  as  oriental  amethyst;  and  the 
i  green  corundum,  which  is  the  rarest  of  all,  is 
prized  as  oriental  emerald.  The  following 
analyses  of  some  typical  forms  of  corundum 
were  made  by  J.  Lawrence  Smith  (Am.  S.  [2J 
11,  1851,  51): 

Al.O,     l\',n,    Sill,      ChO  110, 
Sapphire  (India)  .  97"51    1-89    0-80    —  — " 
Kuby  (India)        .  97-32    1'09    1  21    —  — 
Corundum  (India)  93-12   0-91    0-90    1-02  2-80 
Corundum  (Asia 

Minor)     .       .  92-39   1-07   2-05   1-12   1  00 

It  is  believed  that  the  ruby  owes  its  colour  to 
the  presence  of  oxide  of  chromium.  When 
strongly  heated  it  becomes  green,  but  regains  its 
normal  colour  on  cooling.  The  nature  of  the 
colouring  matter  of  sapphire  is  not  well  under- 
i  stood  ;  and  though  cobalt  has  been  suggested  its 
presence  has  not  been  proved,  and  it  seems 
likely  that  some  compound  of  chromium  is  here 
also  the  tinctorial  agent.  Certain  sapphires  be- 
come decolourised  by  heat.  It  is  notable  that  in 
many  sapphires  the  pigment  is  very  locally  dis- 
tributed, so  that  the  stone  is  parti-coloured. 

Haidinger's  dichroiscope,  which  is  frecjuently 
used  to  distinguish  one  gem-stone  from  another, 
may  sometimes  be  usefully  applied  to  the  co- 
loured corundums.  In  many  sapphires  the  two 
images  differ  greatly  in  tint,  one  being  dark 
blue  while  the  other  is  pale  bluish-green,  or  even 
yellow^ish  ;  in  other  sapphires,  however,  the  dif- 
ference of  tint  IS  very  slight.  In  dealing  with 
highly  pleochroic  stones,  the  phenomenon  may 
be  observed  with  the  unaided  eye.  Thus  certain 
sapphires  appear  blue  when  viewed  in  the  direc- 
tion of  the  optic  axis,  or  along  the  principal 
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axis  of  the  prism,  and  green  at  right  angles  to 
this  direction,  or  pei-pendicularly  to  the  pris- 
matic faces.  In  ruby  the  dichroism  is  not  so 
marked  as  in  sapphire.  Viewed  in  the  dichroi- 
scope  one  image  may  be  deeper  tlian  tlic  other ; 
the  red  of  the  one  incUning  to  violet,  that  of 
the  other  to  yellow. 

The  ruby  may  be  distinguished  from  all  other 
red  stones  by  its  superior  hardness.  From  spinel 
and  rubellite  it  may  be  separated  by  its  high 
specific  gravity.  If  the  dichroism  can  be  de- 
tected, this  character  will  distinguish  it  from 
either  garnet  or  spinel,  since  these  minerals 
crystallise  in  the  cubic  system  and  are  conse- 
quently not  pleochroic. 

Coloured  corundums  frequently  contain  mi- 
nute fluid  cavities  and  microscopic  crystals,  ' 
•which  have  been  studied  by  H.  C.  Sorby  and 
P.  J.  Butler  (Pr.  17,  ISli!),  2!)1).  According 
to  these  observers  the  fluid  cavities  are  more 
numerous  in  sapphire  than  in  ruljy  ;  while  the 
inclosed  crystals  arc  more  abundant  in  ruby 
than  in  sapphire.  The  inclusions  often  give  a 
milky  and  defective  appearance  to  the  stone, 
and  when  definitely  orientated  produce  curious 
optical  phenomena.  It  seems  due  partly  to 
these  lines  of  inclusions,  and  partly  to  a  system 
of  striations  intersecting  at  GO',  that  certain 
corundums,  when  cut  with  a  convex  surface, 
display  by  reflected  light  a  luminous  six-rayed 
star.  This  phenomenon  is  not  uncommon  in 
blue-grey  opalescent  sapphires,  which  are  conse- 
quently known  as  astcrias  or  star-sai^phircs 
{Saphir  astiirii;  Stcnisapphir).  It  is  notable 
that  the  hardness  of  the  sapphire  slightly  ex- 
ceeds that  of  the  ruby. 

Sapphires  are  found  as  rolled  crystals  and 
pebbles  in  detrital  deposits  in  Ceylon  ;  and  they 
occur  with  rubies  in  Upper  Burma.  A  few  years 
ago  fine  sapphires  were  discovered  in  the 
Zanskar  range  of  the  Himalaya  mountains ;  and 
largo  deposits  of  dark-coloured  stones  have  been 
found  in  the  province  of  Batambong  in  Siam. 
Near  Helena,  in  Montana,  U.S.,  rolled  crystals 
of  sapphire  are  found  in  placer  mining.  In 
Europe  small  sapphires  occur  in  certain  basaltic 
rocks,  as  in  the  Siebengebirge  on  the  IJhine,  and 
at  Expailly,  near  Puy-en-Velay  in  France  ;  but 
the  European  stones  are  worthless. 

Sapphire  is  not  uncommon  in  the  gold-bear- 
ing drifts  of  N.  S.  Wales  and  Victoria,  but  the 
ruby  is  rare.  Tlie  late  A.  M.  Thomson,  of 
Sydney,  made  Die  following  analyses,  cited  by 
A.  Liversidge  in  the  Min.  of  N.  S.  W.,  1888. 
196: 

Fc,0,   C;iO  IfgO 

Sapphire  (Mudgee)  .  98-57  2  '25  0-15  — 
Euby  (Two-mile  Flat)     97-90    1-39    0-03  0-52 

Most,  if  not  all,  of  the  so-called  '  Australian 
rubies  '  recently  (1888)  brought  to  this  country 
are  merely  garnets.  In  like  manner  the  garnets 
from  the  diamond  mines  at  Kimberley  pass  in 
trade  under  the  name  of  '  South  African  rubies.' 

The  true  ruby  is  of  much  more  limited  dis- 
tribution than  the  sapphire.  It  occurs  but 
sparingly  in  the  gem-bearing  detritus  of  Ceylon, 
where  sapphires  are  common.  The  chief  ruby 
localities  are  at  Mogok,  Kyatpyen,  and  Kathey, 
in  Upper  Burma,  where  the  rubies  occur  in 
detrital  deposits  and  in  a  bed  known  locally  as 
]r>iion.     (it.  Gordon,  P.  l\.  G.  S.,  May  1888, 


201).  The  Burmese  ruby  has  been  found  by 
Barrington  Brown  in  a  matrix  of  calc-spar  (r. 
Proc.  Gcol.  Soc.  1888.  91  ;  and  G.  S.  Streeter, 
Journ.  Soc.  Arts,  Feb.  22,  1889). 

The  artificial  production  of  ruby  has  been 
effected  at  various  times  by  Gaudin,  Eisner, 
Ebelmen,  De  Senarniont,  Sainte-Claire  Dexalle, 
and  Caron  and  Debray  ;  but  it  was  not  until  the 
experiments  of  Fremy  and  Fell  in  1877  that 
the  substance  was  obtained  on  a  commercial 
scale.  By  fusing  a  mixture  of  alumina  and  red 
lead  in  a  tire-clay  crucible,  these  experimentalists 
obtained  a  fused  aluminate  of  lead,  which  was 
decomposed  by  the  silica  of  the  crucible  with 
formation  of  silicate  of  lead,  while  free  alumina 
crystallised  out,  on  cooling,  as  white  corundum. 
By  the  admixture  of  from  2  to  3  p.c.  of  potassium 
bichromate  with  the  original  materials,  the  re- 
sulting alumina  separated  in  the  form  of  ruby, 
while  the  association  of  a  small  proportion  of 
oxide  of  cobalt  with  the  potassium  bichromate 
determined  the  production  of  sapphire  (C.  R. 
85,  1877,  1029).  More  recently  Fremy  and 
A.  Verneuil  obtained  fine  artificial  rubies  by  the 
reaction  of  barium  fluoride  at  a  red  heat  on 
amorphous  alumina  containing  traces  of  potas- 
sium bichromate.  The  substance  thus  obtained 
possesses  all  the  physical  characteristics  of 
natural  rubies,  and  Des  Cloizeaux  has  shown  that 
thev  agree  in  crystalline  form  (0.  B.  100,  1888, 
505"^,  507). 

The  jewellery  trade  was  much  disturbed  about 
188G  by  the  appearance  of  large  numbers  of 
rubies,  of  tine  colour,  sold  by  a  house  in  Geneva. 
Having  excited  suspicion,  the  stones  were  placed 
by  the  Paris  '  Syndicate  dcs  Diamants '  in  the 
hands  of  M.  Friedel  for  careful  examination.  He 
found  them  to  agree  with  the  natural  ruby  in  all 
respects,  except  that  they  contained  little 
spherical  blebs,  readily  seen  with  a  hand  lens ; 
whence  he  concluded  that  they  had  been  formed 
by  the  fusion  of  a  number  of  snnvll  rubies. 
Stones  of  small  size  are  of  comparatively  little 
value,  while  a  large  ruby,  of  fine  colour,  always 
commands  a  very  high  price.  Terrcil  and 
Verneuil  have  fused  amorphous  alumina  in  the 
oxyhydrogon  blowpipe,  and  E.  Jannettaz  has 
examined  the  behaviour  of  this  product  when 
subjected  to  electric  discharge  in  Crookes's  ex- 
hausted tubes,  and  found  it  to  agree  with  that 
of  the  Geneva  rubies  and  the  natural  corundum 
by  glowing  with  a  vivid  red  light  (Bl.  S.  F.  M., 
9,  1880,  321).  G.  F.  Kunz,  of  New  York, 
after  an  exhaustive  examination  of  the  Geneva 
rubies,  has  concluded  that  they  were  manu- 
factured by  Fremy  and  Feil's  method,  and  not 
by  fusion  of  small  stones,  since  fusion  lowers  the 
density,  Gaudin  having  shown  that  amorphous 
alumina  after  fusion  in  the  OH  blowpipe  has  a 
sp.gr.  of  onlv  3- 15  (Min.  Res.  U.  S.  for  1880,601  ; 
Traus.  N.  Y.  Acad.  Sc.,  October  4,  1880). 

F.  W.  B. 

CORUNTINE  V.  VEr.KTo-.\LKAT,oins. 

CORYDALINE  v.  Vkoeto-.\lkai.ou)S. 

COTTON  is  the  soft  hairy  filament  inclosing 
the  seedsof  various  species  of  the  plant  Gossypiuni, 
nat.  ord.  Malraccie.  These  plants  are  either  her- 
baceous, shrubby,  or  arboreous  iu  habit,  and  are 
said  by  Parlatore  to  embrace  seven  primary 
sjiccies.  Other  botanists  limit  the  classifica- 
tion to  four  distinct  species,  the  rest,  in  their 


COUMARIN. 


G13 


opinion,  being  merely  varieties.  The  four 
enumerated  are 

1.  Gossyjiitiin  harbadcnsc,  herbaceous,  em- 
bracing the  long-stapled  Sea  Island  cotton  and  a 
large  part  of  the  crop  of  Alabama,  Mississippi, 
and  other  States  of  North  America. 

2.  G.  •pcriivianum,  arboreous,  indigenous  to 
Peru,  Brazil,  and  neighbouring  countries  of 
South  America. 

3.  G.  heiiinccum,  shrubby,  indigenous  to  Asia, 
producing  Indian  or  '  Surat '  cotton. 

4.  G.  arborcum,  tree-like,  China  and  India. 
The  cotton-plant  flourishes  best  in  a  warm  damp 
climate,  free  from  excessive  rains  and  frost. 
Seed  is  sown  from  March  to  May,  and  picking 
takes  place  from  August  to  October  according  to 
circumstances.  The  seeds  of  the  plant  are  in- 
closed in  a  pod  containing  along  with  them 
fibrous  locks  of  cotton-wool  which  on  the  burst- 
ing of  the  ripened  pod  is  seen  to  be  of  a  some- 
what variable  whiteness.  The  fibres  are  at- 
tached to  the  seeds  and  require  to  be  torn  from 
them  by  ginning  after  being  picked  from  the 
bolls. 

Crum  described  the  fibre  of  mature  cotton 


as  consisting  of  a  hollow,  shrivelled,  irregularly- 
twisted  cylinder  thickest  at  the  seed  from  which 
it  originates  and  gradually  diminishing  as  it 
recedes  from  it.  Bowman,  who  has  minutely 
examined  and  delineated  the  structure  of  the 
fibre,  finds  three  main  groups : 

1.  Those  where  no  internal  structure  is  ap- 
parent. 

2.  Where  the  structure  seems  to  be  simply 
tubular  with  a  well-defined  transparent  cell- 
wall. 

3.  Where  the  structure  is  tubular  and  the  in- 
terior of  the  cell  tilled  with  secondary  deposits 
which  almost  entirely  fill  up  the  internal  cavity, 
giving  the  fibre  a  dense,  almost  opaque  appear- 
ance. 

The  same  authority  states  that  the  fibres  of 
wild  cotton  exhibit  large  and  weak  tubes  when 
compared  with  cultivated  specimens.  The  value 
of  the  cotton  commercially  is  affected  by  even 
thickness  of  the  fibre,  but  still  more  by  the  length 
of  the  staple.  The  following  table  shows  the 
relative  length  and  diameter  of  fibre  in  various 
descriptions  of  cotton  : — 


Lcucjtli  and  Diameter  of  Cotton  Fibres. 


Leiigtli  of  staple 

Diameter  of  fibre 

Place  of  growth 

Description  of  cotton 

Inches 

Inches 

Mill. 

Jfax. 

Mean 

Hill. 

Max. 

Mean 

United  States  . 

New  Orleans 

0-88 

I-IG 

1-02 

•000580 

•000970 

■000775 

Sea  Island  . 

Long  stapled 

1-41 

1-80 

1-tll 

■000460 

•000820 

■000640 

South  America 

Brazilian 

1-U3 

1-31 

1-17 

•(l()0(;20 

•0(10060 

•000790 

]';gypt  . 

Egyptian  . 

1-31 

l-fi2 

l-ll 

•OdOO'.iO 

•000720 

■000655 

Indigenous  . 

0  77 

1-02 

O-si) 

•OOOdl'J 

■0(11040 

■000844 

India  .       .  <| 

American  seed  . 

O'jo 

1-21 

1-08 

•000654 

•000906 

•000825 

Sea   Island  and 

Egyptian  seed  . 

1-36 

1-G5 

1-50 

•000576 

■000864 

•000730 

(From  the  Science  of  Modern  Cotton  Spinning,  vol.  1,  by  Evan  Leigh. 


Perfectly  ripe  cotton  fibre  consists  of  almost 
pure  cellulose.  There  are,  however,  other  sub- 
stances usually  present.  Schunck  treated  yarn 
with  boiling  water  containing  soda-ash,  and 
mixed  the  resulting  dark-brown  liquor  with  an 
excess  of  sulphuric  acid  which  gave  a  precipi- 
tate of  a  light-brown  colour.  Two  estimates 
gave  — 

DhoUerah  0-337  p.c. 

Middling  Orleans,  0-480  p.c. 

Cotton  contains  from  2-3  to  6-9  p.c.  of  ash 
consisting  chiefly  of  oxide  of  iron,  alumina,  and 
aluminium  silicate,  the  remainder  being  calcium 
sulphate  and  sodium  sulphate.  The  other  sub- 
stances consisted  of  — 

1.  Cotton-wax,  a  substance  closely  resem- 
bling vegetable  waxes  such  as  cerosine  prepared 
from  the  leaves  of  the  sugar-cane,  and  the  wax 
from  the  leaves  of  the  Carnauba  palm  (Corypha 
ccrifera).  It  is  insoluble  in  water,  but  soluble 
in  alcohol  and  ether ;  it  fuses  at  86°C.,  and 
solidifies  again  at  80°  to  82^'C.  Pure  cotton- 
wax  is  insoluble  in  caustic  alkalis  ;  it  contains 
C  80-3,  H  14-4,  0  5^3. 

2.  Fatty  acid,  similar  to  margaric  acid  or  a 
mixture  of  stearic  and  palmitic  acids,  fusing  at 
55^5°C.  and  solidifying  again  at  50^o''C.,  and 
of  the  composition,  C  75  5,  H  13  0,  0  115. 


3.  Colouring  matter  A,  easily  soluble  in 
alcohol,  containing  from  5^22  to  8-03  p.c. 
nitrogen ;  one  specimen  gave  C  58-48,  H  5-80, 
N  5-31,  0  30-41. 

4.  Colouring  matter  B,  scarcely  soluble  in 
alcohol:— C  67-77,  H  6-05,  N  8-74,  O  27-44. 

5.  Pectic  acid. 

6.  Albuminous  matter. 

Mem.  Lit.  and  Phil.  Soc,  Manchester ; 
Schunck  [3]  4  ;  and  Bowman's  Structure  of  the 
Cotton  Fibre. 

/CH:CH 

COUMAUIN  C„H,0.,  =  CH/        |     (1,  2), 

\0-C0 

was  obtained  by  Vogel  (Gilb.  Ann.  64,  161)  in 
1820,  from  the  tonka  bean  (the  seed  of  Lipterix 
(Coumaroiina)  odorata),  or  from  the  melilot 
{Melilotiis  officinalis),  and  from  the  woodrult 
(Aspcrula  odorata),  but  was  mistaken  by  him  for 
benzoic  acid.  Guibort,  however,  showed  that 
the  crystalline  odoriferous  principle  of  the  tonka 
bean  was  distinct  from  benzoic  acid,  and  named 
it  coumarin.    It  occurs  in  many  other  plants. 

It  was  first  obtained  synthetically  by  Perkin 
by  heating  the  sodium  compound  of  salicylalde- 
hyde  with  acetic  anhydride  (C.  .1.  1868,  53)  or 
more  simply  by  boiling  together  salicylaldehyde, 
acetic  anhydride,  and  dry  sodium  acetate  (C.  J. 
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1887,  388  ;  see  also  Tiemann  and  Herzfeld,  B.  10, 
281).  Acetyl  coumaric  acid  is  first  formed  : 
Cjj  /CHO  CH,CO^ 

_  p  „  /-CH:CH.COOH  ^  „  ^ 

which  then  parts  with  acetic  acid  yielding 
couniarin  : 

p  jr  /'CH:CH.COOH 
^«^'\O.CO.CH, 


CH:CH 


-CO 


+  CH3.COOH. 


Coumarin  is  also  formed  in  small  quantity 
by  heating  a  mixture  of  ijhenol  and  malic  acid 
with  sulphuric  acid : 

CH.COOH 
C,H,.OH+| 

CH(OH).COOH 
/CH-.CH 
=  C„H/        I    +C0  +  3II..0 

\o-co 

(Von  Pochmann,  B.  17,  029). 

It  forms  rhombic  crystals  melting  at  C7°  ; 
boils  at  290-2!)0-5°;  has  a  pleasant,  aromatic 
odour ;  is  scarcely  soluble  in  cold  water,  readily 
soluble  in  boiling  water,  very  soluble  in  alcohol 
and  ether. 

It  dissolves  in  caustic  alkalis,  and  is  re- 
precipitated  on  addition  of  acids.  If,  however, 
it  is  heated  for  some  time  with  concentrated 
caustic  alkali,  or  better,  with  sodium  ethylate,  a 
solution  is  formed  from  which  acids  precipitate 

coumaric    acid    C„H,<;;^^jJ-^"-<^^0^    (1,  2). 

This  compound  can  be  reconverted  into  cou- 
marin by  heating  it  with  acetic  anhydride ;  but 
when  heated  alone  it  is  decomposed,  yielding 
phenol  and  other  substances. 

In  Germany,  woodruff  (Ger.  Waldmeister)  is 
steeped  in  white  wine,  to  which  it  imparts  the 
pleasant  aroma  of  couuiarin  {i\[aitrcin,  Mai- 
trank).  Instead  of  woodruff,  an  alcoholic  solu- 
tion of  couniarin  is  employed  for  the  same 
purpose  under  the  name  of  Maiwcincssenz. 

In  larger  doses  coumarin  is  stated  to  have  a 
narcotic  action.  F.  R.  J. 

COUPIER'S  BLUE  r.  Indulixes. 

COVELLITE.    ( 'iipric  sulphide  v.  Copi-eb. 

COWDIE  GUM  r.  Kksins. 

COW  TREE  WAX  r.  W.vx. 

CREAM  OF  TARTAR  v.  Tartaiuc  Acid. 

C  a  EATINE  Malln/l-ylijcocijamini'. 

KlI :  C(XH,).N(CHj)CH,.COOH 
in  the  anhydrous  state  forms  an  opaque,  white, 
solid,  inodorous  substance,  possessing  a  some- 
what bitter  acid  taste.  Its  mouohydnite  crystal- 
lises in  clear  prisms,  losing  their  water  of  crys- 
tallisation at  100°C.  Creatine  is  soluble  in 
about  70  parts  of  water,  but  almost  insoluble  in 
absolute  alcohol.  Creatine  is  one  of  those  con- 
stituents of  moat  soups  and  extracts  which  im- 
_))art  appetising  taste  and  stimulating  action  to 
"tlie  heart  and  muscular  centres.  T.  J.  Mays 
has  shown  that  creatine  solutions  as  weak  as 
1 : 2,000  are  capable  of  re-animating  a  frog's 
heart  whicli  has  been  fatigued,  and  finally  ar- 
rcstoil,  by  adniin'stration  of  sodium  chloride. 
Kol.ert  (C.  Z.  1SS8,  KHVi).  as  the  result  of  experi- 
lueut,  recommends  thispriucinleas  of  undoubted 


'  value  as  an  excitant  of  muscular  action  in  the 

case  of  the  heart,  dif;(  stive  organs,  and  general 
muscular  system  (.S.  C.  I.  f^.  47i;). 

CEEOS  jTE  or  KEEJSOTE  (from  KpfV  j,  con- 
tracted genitive  of  K^f'at,  meat,  and  tTwC"-;  I  save 
or  preserve).  NYood  tar,  and  coal  tar.  when  sub- 
jected to  distillation  j-isld  fractions  technically 
known  as  '  creosote,'  both  of  which,  the  latter 
more  especially,  find  extsnsive  and  important 
uses  in  the  industrial  arts. 

Keichcnbach,  in  the  year  1832,  applied  the 
term  'kreosote'  to  a  substance  derived  from 
wood  tar,  and  which  had  been  found  to  possess 
powerful  antiseptic  properties ;  shortly  after- 
wards Runge  discovered  carbolic  acid  in  coal  tar, 
and  the  two  products  were  for  a  considerable 
time  regarded  as  identical ;  similar  compounds, 
however,  have  since  been  procured  from  other 
source.^,  and  in  view  of  this  fact,  and  in  order 
to  avoid  confusion,  it  has  been  suggested  that 
the  term  '  creosote '  should  be  applied  in  a 
generic  sense  as  referring  to  the  phenols  and 
phenoloid  bodies  derived  indifferently  from  wood 

1  tar,  coal  tar,  blast-furnaee  tar,  and  sliale  oil. 

j  Wood-tar  creo  ote.  The  tar  derived  from 
the  distillation  of  beechwood,  when  subjected 
to  further  distillation,  yields  certain  fractions 
that  are  heavier  than  water,  and  which  after 
agitation  with  solution  of  caustic  soda,  and 
separation  from  insoluble  oils,  are  boiled  with 
free  access  of  air  in  order  to  oxidise  various 
impurities  present ;  the  alkaline  solution  thus 
obtained  is  decomposed  with  dilute  sulphuric 
acid,  the  crude  creosote  which  separates  is  again 

,  submittsd  to  a  similar  alkaline  and  acid  treat- 

I  meut,  and  the  product  finally  distilled,  reserving 
the  fraction  passing  over  between  200'  and  220"C. 
This  represents  the  ordinary  '  wood-tar  creosote' 
of  commerce.  It  is  a  complex  mixture  of  phen- 
oloid compounds,  the  proportions  of  which  are 
materially  influenced  by  the  method  originally 
followed  in  distilling  the  beechwood  from  which 
it  was  obtained. 

AVood-tar  creosote  when  freshly  prepared  is 
a  colourless,  transparent  liquid  of  an  oily  con- 
sistency, and  which  retains  its  fluidity  at  a  very 
low  temperature  ;  its  sp.gr.  varies  from  1-037  to 
1-087  ;  it  boils  at  20.5-225X.,  and  dissolves  in 
about  200  parts  of  water;  its  odour  is  strong 
and  penetrating,  resembling  that  of  wood  smoke, 
or  rather  of  smoked  meat;  it  retracts  light 
powerfully,  and  burns  with  a  very  sooty  flame. 
Wood-tar  creosote  is  powerfully  antiseptic,  but 
its  power  of  coagulating  albumen  has  been 
denied ;  nevertheless,  it  preserves  animal  sub- 
stances as  effectively  as  carbolic  acid.  It  is  less 
caustic  than  carbolic  acid  and  is  not  poisonous. 

Wood-tar  creosote  may  be  regarded  as  con- 
sisting of  a  mixture  of  compounds  included  in 
several  homogeneous  series,  chiefly  of  acid  me- 
thylic  ethers  of  catechol,  and  the  presence  of 
the  following  bodies  has  been  established : — 

Boiling 
point 


N.ime  Formula 
1.  Monohj/dric  2}h2nols : 

Phenol,     carbolic  \  n  pj  qjj 

acid  .       .       .J  "  •■  ' 

Paracresol.  cresy-  I  cjl /CH.jOII 

lie  acid     .       .  /  " 

^Sr!"  °'  }''^'^°'.}  CA(CH,)PH 


182° 
20.'$° 
220° 


CREOSOTE. 


Clo 


dimethyl-g 
col  . 


2.  Mctlujlic  ethers  of  dihydric  phenols  : 

Boilin? 

Name  Ffiniiu'a  point 

Guaiacol,  or  me- 1  ^  tt  /  OCH,,  "| 

thyl  catecholate  /  \  OH     (       •  ■^^^ 

Creosol,  or  methyl  1  ,  /-vprj  -i 

methyl-catecho-  .  C,B,(CHJ  ^'  I  219'" 
late  ...  J  ^  -' 

Homocreosol,    orT  r  nrTT  i 

r.iaia-  j>  CJI,(CH,),  |  230° 

C«rulignol,  or  pro- 1    ^  j^^^        f  OCII,  | 
pyl-guaiacol     .  /      ■    "  '      1,  OH  J 

3.  Mctlujlic  ctJicrs,  or  trihydrtc  pheiwls  : 

Dimethyl  pyrogal-  I    c  H  J  OCH;  l       .  253° 
late  .       .       .j  I^Qjj  J 

Dmiethyl- methyl- 1     f  n  ^CH  ^^orn'  '  ORr.o 
pyrogallate       .J    WCH,)  ^)GIL,  j.  26. 

Dimethyl  -  propyl-  ~|  f  OCH,  ~| 

pvrogallate  (pi-  CJ1,(C,H-)  OCH,  285° 
camar)      .       .J  [  OH  J 

Methyl  -  propyl  -]  cji„(C,H,)  \  Oh"']  290° 
pyiogauate       .  I  1  I 

Of  these  compounds  phenol  is  present  in 
extremely  small  quantity,  paracresol  in  larger, 
and  phloral  in  notable  proportion,  but  the  two 
principal  constituents  of  creosote  are  guaiacol 
and  creosol,  althougli  not  e(p7ally  present  in  all 
varieties  ;  guaiacol,  according  to  Allen,  jnedomi- 
nates  in  Rhenish  creosote,  whilst  witli  Morson's 
creosote  from  'Stockhohii  tar,'  creosol  is  the 
chief  constituent.  Homocreosol,  and  cc_erulignol 
are  present  in  small  (juantity  only,  but,  according 
tu  Griitzel,  the  latter  body  possesses  such  energetic 
and  astringent  qualities  that  a  single  drop 
placed  on  the  tongue  causes  bleeding ;  purified 
creosote  should  therefore  be  absolutely  free  from 
this  compound  which  may  be  detected  by  the 
blue  colouration  produced  by  barium  hydroxide. 

The  less  valuable  portions  of  wood-tar  creo- 
sote have  been  found  by  A.  W.  Hofmann  to 
contain  the  methylic  ethers  of  pyrogallol  and  its 
homologues  ;  these  bodies  are  of  interest  from 
the  remarkable  colouring  matters  (originally  dis- 
covered by  Runge)  which  may  be  derived  from 
them  by  oxidation  ;  thus,  if  the  odium  derivate 
of  dimethyl  pyrogallate  be  mixed  with  the  sodium 
derivate  of  dimethyl  methyl-pyrogallate  and 
excess  of  sodium  hydrate,  and  heated  in  the  air, 
a  substance  called  eupittonic  acid  is  formed 
according  to  the  following  equation  :  — 

(C,H,„0.,),,  +  a,H,,,0,  +  O,  =  C,,H, ,0„  -I-  3H,0 
Eupittonic  acid  has  the  constitution  of  a  hexa- 
methoxyl  aurin,  C|,,Hj(0CH|)|j03.  Reichenbach's 
'pittaeal,'  called  by  Wichelhaus  '  enpittone,' was 
a  salt  of  eupittonic  acid.  Wood-tar  creosote  has 
been  met  with  adulterated  to  a  considerable 
extent  with  crude  carbolic  and  cresylic  acids, 
and  from  the  fact  that  the  reactions  of  these 
substances  closely  resemble  those  of  wood 
creosote,  the  distinction  between  the  two,  es- 
pecially when  in  admixture,  is  attended  with 
some  difficulty.  Genuine  beeehwood  tar  is 
soluble  in  solutions  of  caustic  alkalis,  and 
forms  a  crystalline  compound  with  potassium 
hydrate,  but  not  with  soda  ;  on  the  other  hand, 
it  is  practically  insoluble  in  strong  annnonia. 


An  alcoholic  solution  sliould  give  no  coloura- 
tions whateve)-  (blue  or  red)  with  baryta  water  ; 
such  colouring  indicates  the  presence  of  cceru- 
lignol  and  other  impurities. 

Wood-tar  creosote  is  sharply  distinguished 
from  the  coal-tar  acids  by  its  insolubility  in 
absolute  glycerine  ;  it  is  also  distinguished  from 
the  coal-tar  acids  by  its  reaction  with  an  ethereal 
solution  of  nitrocellulose  ;  shaken  with  half  its 
volume  of  collodion,  B.  P.,  Calveit's  No.  5 
carbolic  acid  coagulates  the  gun-cotton.  Morson'f 
creosote  does  not  precipitate  the  nitrocellulost 
from  collodion,  but  mixes  perfectly  with  the 
ethereal  solution ;  when  a  mixture  of  equal 
volumes  of  Morson's  creosote  and  Calvert's  No. 
5  acid  is  thus  treated  with  the  collodion,  the 
precipitation  of  nitrocellulose  is  very  marked. 

Coal-tar  creosote,  Heavy  oils.  Dead  oils. 
This  substance,  both  as  regards  the  magnitude 
of  its  production,  and  the  extensive  uses  to 
which  it  is  applied,  occupies  a  position  of  con- 
siderable interest  and  importance.  As  a  distil- 
late derived  from  coal-tar  it  represents  the  frac- 
tion passing  over  between  204°C.  and  404°C. 

As  far  as  can  be  gathered  from  trustworthy 
statistics  the  annual  production  of  creosote  in 
the  United  Kingdom  amounts  to  about  29,900,000 
gallons,  which  is  now  more  or  less  disposed  of 
in  the  creosoting  of  timber,  softening  of  hard 
pitch,  as  liquid  fuel,  for  lighting,  burning  for 
lamp-black,  as  an  antiseptic,  and  as  a  cattle  wash 
for  the  destruction  of  animal  parasites.  Coal- 
tar  creosote  differs  considerably  in  appearance 
and  character ;  that  known  as  '  London  make  ' 
exhibits  a  deep-greenish  shade,  and  is  more  or 
less  fluorescent ;  it  is  highly  charged  with 
naphthalene,  and  is  not  unfreipiently  viscid  or 
semi-solid  at  ordinary  temperatures.  '  Midland 
or  country '  creosote  shows  less  fluorescence  and 
is  both  thinner  and  more  volatile.  The'Scotcli ' 
creosotes  derived  from  cannel  coal  are  still 
thinner  and  proportionately  more  volatile,  and 
not  unfrequently  lighter  than  water ;  creosote 
oil  from  London  coal-tar  is  always  heavier  than 
water,  the  sp.gr.  of  the  portions  last  distilling 
reaching  as  high  as  I'lO,  but  the  mean  of  the 
mixture  may  be  taken  at  I'OGS,  while  for  country 
make  it  seldom  exceeds  1'05.  Coal-tar  creosote 
possesses  a  strong  unpleasant  odour,  highly 
characteristic  of  the  fluiil,  and  which  readily 
distinguishes  it  from  all  others. 

Any  attempt  to  determine  the  absolute  com- 
position of  coal-tar  creosote  is  attended  with 
nuich  difficulty,  but  the  following  substances  are 
known  to  be  present :  Naphthalene,  phenan- 
threne,  anthracene,  pyrene,  chrysene,  carbazole, 
benzerythrene,  and  other  solid  hydrocarbons 
accompanying  the  distillation  of  the  tar. 

Various  phenoloid  bodies  are  also  present 
consisting  of  carbolic  and  cresylic  acids,  with 
higher  phenols  concerning  which  little  is  really 
known :  Basic  substances  consisting  of  the 
heavier  members  of  the  pyridine  series,  crypt- 
idine  -quinoline  — and  acridine  are  also  present 
together  with  the  so-called  indifferent  oils,  fluid 
at  ordinai-y  temperatures,  and  about  which  still 
less  is  known.  Carbolic  and  cresylic  acid  vary 
greatly  in  t'ne  proportion  found;  for  'London 
creosote  '  the  average  yield  of  total  tar  acids  may 
be  stated  at  4  to  7  p.c. ;  while  for  '  country  make ' 
the  (|uantity  is  often  considerably  higher,  but 
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the  bulk  of  the  pyridine  or  basic  Itoilies  containeil  1 
in  the  coal  tar  passes  over  in  distillation  of  the  I 
lighter  oils. 

Employment  of  creosote  oil  for  prescri  inr/ 
timber  {creosoting). —The  preservation  of  timber 
by  antiseptic  treatment,  more  especially  when 
employed  for  railway  sleepers,  telegraph  poles, 
piles  for  harbours,  marine,  and  such  like  pur- 
poses, has  become  an  established  industry,  the 
importance  of  which  is  now  widely  recognised 
both  in  England  and  abroad.  By  far  the  larger 
l)ortion  of  the  oils  distilled  from  gas  tar  is  con- 
sumed and  utilised  in  the  creosoting  of  timber, 
and  to  an  extent  that  has  from  the  earliest  period 
of  the  ojieration  closely  connected  it  with  the 
lirocess  of  tar  distilling;  indeed,  there  is  little 
diliiculty  in  tracing  the  earlier  development  of 
'  tar  distilling  '  to  the  demands  for  such  oils  con- 
sequent upon  the  introduction  of  Bethell's  pro- 
cess in  the  year  1838. 

The  preservation  of  timber  by  antiseptic 
methods  has  engaged  the  attention  of  many 
chemists  and  engineers ;  and  in  the  treatises  of 
Adolf  Mayer,  Chemische  Technologic  des  Holzes  I 
(Braunschweig,  1872),  Burescks  Der  Schutz  des 
Holzes  (2nd  ed.,  Dresden,  1880),  and  Heinzer-  | 
ling's  Die  Conservirung  des  Holzes  (Halle,  1885)  [ 
a  vast  amount  of  detail  has  been  furnished. 
From  Mr.  Boulton's  treatise  (The  Antiseptic 
Treatment  of  Timber,  Proc.  Inst.  Civ.  Eng. 
1883-8i,  78,  4)  we  gather  that  as  far  back  as 
the  year  1838  four  important  systems  of  preserv- 
ing timber  were  before  the  public,  viz. :  (1)  Cor- 
rosive sublimate,  known  since  1705,  and  again 
introduced  by  J.  H.  Kyan  ;  (2)  sulphate  of  copper, 
known  since  17C7,  principally  introduced  by 
Margary  and  Boucherie ;  (3)  chloride  of  zinc, 
known  since  1815,  patented  again  by  Sir  W. 
Burnett ;  and  lastly,  (4)  heavy  oil  of  tar,  after- 
wards called  creosote  oil,  by  John  Bethell ;  the 
latter  process  exceeds  the  others  in  utility,  and 
in  England  has  replaced  them  entirely.  j 

The  apparatus  generally  used  for  the  creosot- 
ing of  timber  was  originally  suggested  by  Breant, 
director  of  the  Paris  Mint  in  1831,  modified  by 
J.  Bethell,  and  finally  considerably  improved  by  , 
H.  1'.  Burt.    Practically  it  consists  of  a  strong, 
horizontal,  wrought-iron  cylinder  6  to  7  feet  in 
diameter,  and  30  to  CO  feet  long.    The  timber  to 
bo  impregnated  is  packed  on  iron  trueks  wliich  ' 
are  run  upon  rails  into  the  cylinder,  the  opening 
to  whicli  is  finally  closed  by  an  air-tight  cover 
swung  in  front  of  the  cylinder.    Attached  to  this 
cylinder  is  a  suitable  air-pump,  by  means  of  . 
which  the  contained  air  is  withdrawn  until  the  j 
air-gauges  indicate  an  exhaustion  eipuil  to  the 
I  or  i  of  an  atmosphere;  creosote  oil  heated  to  a 
temperature  of  about  50°  is  then  adniitlod,  and, 
in  consequence  of  the  partial  vacuum  and  removal 
of  air  from  the  pores  of  the  wood,  penetrates  to 
some  extent  into  its  mass  ;  when  the  oil  ceases 
to  be  imbibed,  a  force-pump  is  brought  into  play, 
and  more  creosote  is  injected  into  the  cylinder 
till  a  pressure  of  8  to  10  atmospheres  has  been 
obtained.    This   operation   is   nuiintained   for  ' 
several  hours,  during  which  time  fir  timber,  under 
treatment,  will  take  up  from  40  to  ()0  gallons  per  j 
load  of  50  cubic  feet.    One  of  the  chief  dilliculties 
encountered  in  carrying  out  the  process  thus 
described  is  the  presence  of  moisture  in  the 
timber ;  as  freshly  cut,  or  as  removed  from  the 


'  timber  ponds,'  it  is  not  in  a  condition  suitable 
for  creosoting,  and  requires  several  months 
stacking  as  a  jireliniinary  to  the  operation. 
Nmnerous  attempts  have  been  made  to  obviate 
the  loss  of  time  consequent  upon  this  method  of 
drying,  but  all  endeavours  to  employ  artiticial 
heat  have  failed.  It  has  been  found  that  the 
application  of  such  heat  at  a  temperature  sutli- 
eient  to  drive  off  rapidly  the  contained  moisture 
invariably  injures  the  woody  fibre. 

Attempts  have  also  been  made  to  inject 
creosote  oils  in  the  state  of  vapour  (Lukin,  1812  ; 
Franz  Moll,  183(5;  and  Bethell,  18(;4),  but  the 
heat  of  the  injected  vapour  seriously  impaired 
the  value  of  the  timber. 

Blythc,  of  Bordeaux  (G.  P.  10,  423),  patented 
a  method  of  injecting  superheated  steam  into 
creosote  oil,  and  allowing  the  mixed  vapours  of 
steam  and  oil  to  act  upon  the  timber.  This 
process  has  been  tried  on  a  large  scale,  especially 
in  France;  but  the  dilliculties  attending  the  in- 
jection of  creosote  into  timber  in  the  form  of 
vapour  are  as  yet  insuperable.  By  no  method 
can  creosote  be  volatilised  and  injected  under 
pressure,  except  at  a  temperature  which  will 
injure  the  timber.  The  boiling-point  of  creosote 
ranges  from  204-5°C.  to  404'5'^C.,  whereas  it  is 
dangerous  from  an  engineering  point  of  view  to 
subject  timber  to  a  greater  heat  than  about  121^C. 
In  practice,  therefore,  the  temperature  neces- 
sary to  volatilise  the  creosote  is  not  reached, 
whence  it  follows  that  only  the  vapour  of  water 
can  be  driven  into  the  creosote  ;  hence,  wherever 
this  process  is  still  used,  it  is  supplemented  by 
the  injection  of  creosote  in  the  ordinary  fluid 
condition  (v.  Mittheilungen  des  Architekten- 
und  Ingenieur-Vcreines  im  konigreichc  Bohmen, 
and  Minutes  of  Proceedings  of  Civil  Engineers, 
78,  part  4,  Session  1883-4). 

One  of  the  most  effective  methods  of  de.aling 
with  damp  timber  is  that  patented  by  S.  B. 
Boulton  (B.  P.  No.  1854  of  1879),  by  which  the 
timber  may  be  introduced  into  the  creosoting 
cylinder  quite  wet ;  it  may  be  briefly  described 
as  follows : 

The  timber  to  be  creosoted  is  placed  in  a 
cylindrical  vessel  provided  with  a  somewhat  high 
dome,  and  from  which  an  exit  pipe  passes  on- 
wards to  a  condensing  worm  and  receiving  tank 
in  direct  connection  with  an  air-pump.  After 
the  air  has  been  withdrawn  in  the  usual  manner, 
the  creosote  is  introduced  at  a  temperature  of  a 
little  above  100 C  and  in  quantity  so  that  the 
dome  shall  at  all  times  be  enii)ty.  The  exhaust- 
ing process  is  continued  until  the  whole  of  the 
moisture  contained  in  the  pores  of  the  wood  has 
been  vajwuri.teil  bij  the  heat  of  the  creosote,  oils, 
and  has  been  drawn  away  by  the  air-pumps  con- 
nected therewith. 

As  the  temperature  employed  is  considerably 
below  the  boiling-point  of  creosote,  this  licpiid  is 
not  converted  into  vapour,  and  with  charges  of 
wet  sleepers  the  patentee  has  succeeded  in  with- 
drawing water  ecpial  to  50  gallons  per  load  of 
timber,  and  replacing  this  water  with  an  equal 
volume  of  creosote  by  the  action  of  the  air-pump 
alone.  The  process  thus  described  involves  a 
trifling  additional  cost  and  a  few  more  hours  for 
the  treatment  of  very  wet  timber,  but  the  ex- 
penditure in  time  and  money  is  not  so  g:cat  as 
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would  be  required  by  storing  the  wood  before 
creosoting. 

With  respect  to  the  suitabihty  of  a  given 
creosote  for  the  purpose  of  creosoting,  it  has 
been  held,  on  the  one  hand,  that  those  products 
known  as  '  country  make,'  rich  in  tar  acids, 
possessed  the  highest  value.  On  the  other  hand, 
it  has  been  argued  that  the  quantity  of  tar  acids 
present  is  no  measure  of  its  appHcability  to 
timber  preserving,  and  that  the  tar  acids  them- 
selves, i.e.  carbolic  and  crcsylic  acid,  although 
highly  useful  as  sanitary  antiseptics,  are  of  no 
permanent  value  in  the  preservation  of  timber, 
owing  to  their  volatility  and  their  solubility  in 
water,  and  that  they  do  not  enter  into  permanent 
combination  either  with  allnuuen  or  woody  fibre. 
It  has  been  found  that  the  lieavier  basic  bodies 
of  the  pyridine  series,  with  aoridine,  and  even 
naphthalene,  play  an  important  part  in  deter- 
mining tlie  character  of  creosote  as  an  antiseptic. 

Mr.  Boulton  is  of  opinion  that  the  tar  bases 
(pyridine  series),  and  especially  acridine,  are  also 
very  useful  as  antiseptics  in  creosote,  and  his 
view  has  been  fuU.y  borne  out  by  trials  made  by 
Mr.  Greville  Williams  (Journal  Gas  Lighting, 
June  5,  1883).  It  is  now  generally  held  that 
the  '  creosote  employed  for  preserving  timber 
should  be  of  a  heavy  rather  than  of  a  light  de- 
scription, i.e.  that  it  should  contain  oils  which 
are  given  off  at  a  high  temperature,  together 
with  other  matters  that  become  solid  within  the 
timber  after  the  creosote  has  been  allowed  to 
cool  to  a  normal  temperature.'  ' 

In  accordance  with  these  views  a  form  of 
specification  for  creosote  was  prepared  by  Dr. 
Tidy,  wliich  has  since  become  very  generally  re- 
cognised in  the  selection  of  that  substance. 

It  stipulates  : 

1.  Tliat  the  creosote  shall  be  completely 
liquid  at  a  temperature  of  lOU'^F. ;  no  deposition 
afterwards  taking  place  until  the  oil  registers  a 
temperature  of  95°F. 

2.  That  the  creosote  shall  contain  at  least 
25  p.c.  of  constituents  that  do  not  distil  over  at 
a  temperature  of  600°F. 

3.  Tliat  the  creosote  shall  yield  a  total  of 
8  p.c.  of  tar  acids. 

The  process  for  determining  the  quantity  of 
tar  acids  is  as  follows  : — 

1.  100  c.c.  of  the  well-mixed  creosote  are 
distilled  at  a  temperature  of  600°F.,  until  no 
further  distillate  comes  over.  The  distillate  is 
mixed  and  well  shaken  in  a  stoppered  llask, 
with  30  c.c.  of  a  solution  of  caustic  soda,  having 
a  sp.gr.  of  1'200.  The  mixture  is  then  lieated, 
tlic  stopper  replaced  in  the  flask,  and  the  hot 
mixture  again  vigorously  shaken  for  at  least  a 
minute. 

The  contents  of  the  flask  arc  now  to  be 
poured  into  a  separating  funnel,  and  the  soda 
solution  drawn  off.  The  creosote  is  to  be  heated 
a  second  and  a  thii'd  time  in  a  similar  manner 
with  the  caustic  soda  solutions,  except  that  only 
20  c.c.  of  the  soda  solution  are  used  tor  the 
second  and  third  extraction,  instead  of  30  c.c,  as 
in  the  first  extraction. 

2.  The  three  soda  solutions  are  now  to  be 

'  It  may  be  stnted  tliat  attempts  li.avo  recently  been 
maile  in  America  toemploy  the  thinner  creo>otcsfnr  timber 
preserving,  bnt  they  were  tuuuti  to  be  less  ellioaeiaus  than 
the  heavier  oils. 


mixed  together.  When  cold,  any  particles  of 
creosote  are  to  be  removed  by  a  separating 
funnel.  The  solution  is  then  to  be  thoroughly 
boiled,  in  order  to  expel  the  last  traces  of 
creosote  present  in  the  solution.  When  cold 
dilute  sulphuric  acid  (1  of  acid  to  3  of  water)  is 
to  be  added  (about  3.5  c.c.  will  be  required)  until 
the  solution  becomes  acid  to  litmus.  The  whole 
is  then  to  be  poured  into  a  separating  funnel, 
and  allowed  to  stand  until  perfectly  cold,  and 
the  tar  acids  separated. 

3.  The  tar  acids  are  now  to  be  dissolved  in 
20  c.c.  of  the  caustic  soda  solutions  (si5.gr.  1-200) 
and  10  c.c.  of  water.  The  mixture  is  then  to  be 
1  boiled  and  filtered  through  a  funnel  fitted  with  a 
plug  of  asliestos.  The  asbestos  plug  is  to  be 
washed  with  not  more  than  5  c.c.  of  boiling 
water.  The  solution  is  to  be  allowed  to  cool 
perfectly  in  a  100  c.c.  measure.  It  is  then  to  be 
rendered  slightly  acid  with  dilute  sulphuric  acid 
(1  to  3  ;  10  c.c.  will  probably  be  found  sul'licient 
for  this  purpose).  The  whole  is  again  allowed 
to  stand  for  2  hours  until  perfectly  cold,  when 
the  percentage  of  the  tar  acids  is  to  be  read  off. 

Process  to  bo  adopted  in  cst'unatimj  the 
quantity  of  distillate. — The  operation  is  to  be 
conducted  in  a  retort  (fitted  with  a  thermometer) 
immersed  in  an  oil  or  hot-air  bath.  The  heat  at 
first  to  be  low,  and  the  temperature  gradually 
raised  to  ()00°F.,  and  continued  until  no  further 
matters  distil  over. 

Sir  Frederick  Abel  has  also  devised  a  specifi- 
cation and  test,  known  as  that  of  January  2, 
1884.  It  agrees  very  closely  with  that  of  Dr. 
Tidy. 

Employment  of  creosote  oils  for  softening 
pitch  (v.  Pitch). 

Employment  of  creosote  oils  for  lightiiig. — ■ 
CTreosote  oil  has  long  been  employed  as  a  source 
of  light  in  the  construction  of  harbours  and 
out-door  work,  where  smoke  was  of  little  conse- 
quence or  inconvenience  ;  but  when  it  is  wished 
to  burn  this  oil  to  the  greatest  advantage,  and 
with  the  least  possible  amount  of  smoke  and 
soot,  it  becomes  necessary  to  employ  lamps  so 
constructed  that  a  jet  of  air  or  of  steam,  more  or 
less  superheated,  may  be  introduced  in  such  a 
manner  as  to  ensure  more  perfect  combustion. 

Flartmann  and  Lucke  (Ger.  Patent,  No. 
9,195,  August  9,1879)  construct  a  lamp  specially 
intended  for  the  consumption  of  creosote  oils,  in 
which  the  oil  is  automatically  supplied  to  a  dish- 
shaped  receptacle,  over  which  is  placed  a  funnel- 
shaped  cylinder  ;  in  the  centre  of  the  dish  or 
receptacle  receiving  the  oil  from  its  attached 
reservoir  is  placed  a  conical  tube,  reaching  a 
little  above  the  surface  of  the  oil,  and  through 
which  a  jet  of  superheated  or  dry  steam  may  be 
driven.  In  using  the  lamp,  the  dish  or  re- 
ceptacle referred  to  is  allowed  to  till  with  oil ; 
it  is  then  ignited  at  its  surface,  the  funnel- 
shaped  cylinder  placed  over  it,  and  steam  cau- 
tiously admitted  through  the  conical  tube.  It 
will  readily  be  seen  that  the  arrangement  closely 
resembles  the  old  '  Herapath  blowpipe,'  with 
the  difference  that  steam  is  forced  through  a 
body  of  combustible  fluid,  issuing  just  above  its 
surface,  in  place  of  air  forced  through  a  body  or 
envelope  of  combustible  gas,  and  issuing  at  a 
point  or  position  that  may  be  called  its  surface. 
The  oil  thus  burns  without  wick  or  chimney, 
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anil  affords  a  light  of  180  standard  candles, 
with  an  hourly  consumption  of  a  little  over  2  lbs. 
of  creosote. 

An  apparatus  for  a  similar  purpose  has  been 
patented  by  Lyle  and  Hannay,  under  the  name 
of  the  '  Lucigen.'  It  consists  of  an  oil  tank  or 
reservoir,  titled  with  a  special  burner  at  the  top 
of  a  tube,  which  may  be  extended  to  any  length  ; 
into  this  reservoir  compressed  air  is  introduced 
by  an  india-rubber  pipe,  so  attaclied  as  to  make 
tlie  '  Lucigen  '  portable.  On  the  compressed 
air  being  admitted  into  the  oil  tank  or  recep- 
tacle, it  forces  the  oil  up  tlirough  an  internal 
tube,  and,  escaping  at  the  same  time  with  the 
oil  in  the  burner,  ])roduces  a  spray  which  is  set 
on  tire.  A  liglit  of  about  2,000  candle-power  is 
given  by  the  '  Lucigen.'  The  flame  is  large,  the 
light  well  diffused,  and  the  eyes  arc  not  dazzled 
by  it.  There  is  little  or  no  smoke  from  the 
flame,  and  the  lamp  burns  equally  well  under 
heavy  rain  or  spray  ;  it  requires  no  lantern,  and 
has  no  parts  which  can  be  damaged  by  rough 
usage. 

In  the  'Doty'  light,  pressure  is  brought  to 
bear  on  the  surface  of  the  oil  or  creosote  by 
means  of  an  air  pump,  whereby  the  oil  is  forced 
through  a  coil  surrounding  the  lower  portion  of 
the  flame,  and  becomes  distilled  into  gas. 

Creosote  oil  has  also  been  employed  for  the 
purpose  of  illuminating  and  healing,  bj'  direct 
conversion  into  permanent  gas.  A  ton  of  creo- 
sote is  capable  of  yielding  18,800  cubic  feet  of 
gas,  with  an  illuminaliiig  power  of  14  candles  ; 
a  yield  of  2i),800  cubic  feet  may  be  obtained,  but 
of  8A  candle-power  only  ;  the  chief  drawback  to 
this  method  of  utilisation  is  in  the  high  tem- 
perature necessary  to  decompose  the  oils,  and 
which  results  in  the  production  of  low  candle- 
power  gases. 

Employment  of  creosote,  oil  as  f  uel. — Creosote 
oil  is  extensively  employed  as  a  fuel,  both  for 
marine  and  stationary  purposes,  and,  from  theo- 
retical considerations,  would  appear  to  be  emi- 
nently adapted  to  the  purpose,  1  lb.  of  coal-tar 
creosote,  when  effectively  burnt,  being  capable  of 
evaporating  11'24  lbs.  of  water,  a  result  con- 
siderably in  excess  of  that  obtained  from  coal  or 
coke. 

Various  methods  have  been  devised  for  burn- 
ing the  oil  to  the  greatest  advantage  ;  these  may 
be  briefly  summarised  under  the  following 
heads :— 

1.  Injection  into  the  furnace  by  moans  of 
compressed  air,  with  '  atomising  '  apparatus. 

2.  Injection  into  the  furnace  by  means  of 
steam,  with  '  atomising  '  apparatus. 

8.  Feeding  into  the  furnace  by  simple  gravi- 
tation, alone  or  in  combination  with  coke. 

G.  F.  Dexter  (.lour.  Gas  Lighting,  .June  2!), 
lfiS(),  pp.  1212-1241),  in  a  table  showing  the 
relative  calorilic  values  of  certain  coal-tar  dis- 
tillates, refers  to  creosote,  or  heavy  oils,  as 
under  :  — 

Average  formula  Cull,,.. 

Boiling-point,  240°  to  270°  and  upwards. 

Proportionate  weight  of  constituents  :  — 

Carbon  0-1)8!)  18 

Hydrogen     ....  0U(iJ87 
Caloritic  value :  — 
Carbon  units       .       .       ,       .  407 
Hydrogen  units    ....  210 


I  Employment  of  creosote  oil  as  an  antiseptic 
and  for  the  puri>oscs  of  a  cattle  iraih  and  sheep 
rfi/'.— Creosote  oil  as  a  fluid,  and  apart  from 
timber  preserving,  tinds  but  little  application  as 
an  antiseptic,  chiefly  owing  to  its  disagreeable 

I  smell,  and  insolubility  in  and  immiscibility  with 

I  water. 

I  The  latter  drawback  was  removed  by  tha 
process  of  Mr.  Little  (Patent  No.  198,  January  18, 
1870).  by  which  coal-tar  creosote  was  rendered 
completely  miscible  with  water.  According  to 
this  patent,  a  mixture  is  formed,  consisting  of 
coal-tar  creosote,  .OD-l  ;  rosin  oil,  2!t-li ;  oleate  of 
potash,  5-9  (containing  0-.5;>  potash),  and  5-4  of  a 
10  p.c.  solution  of  caustic  soda  (containing  0-54 
soda)  =  100-00. 

I       These  substances  are  blended  in  a  special 

'  manner  set  forth  in  the  patent,  and  yield  a  fluid 
scarcely  differing  in  appearance  from  ordinary 
ci-cosote,  but  differing  greatly  in  character — that 

1  is  to  say,  it  may  be  added  to  water  in  considerable 
quantity,  forming  a  clear  milky  emulsion,  without 

I  any  separation  of  creosote  or  oily  particles,  and 
which  remains  permanent  on  standing.  This 
patent  is  worked  by  the  lirm  of  Morris,  Little  A 
Son,  of  Doncaster,  and  is  the  product  sold  under 
the  name  of  '  soluble  phenyle.'   Mixed  with  water 

I  in  the  proportion  of  1  to  100,  or  even  stronger, 
it  is  extensively  used  as  a  sheep  dip  for  the 
destruction  of  tick  and  other  organisms  of 
parasitic  origin. 

Further  patents  having  a  similar  object  were 
afterwards  secured  by  .1.  and  \V.  Jeyes  (No.  4,(i8(), 
December  7,  1877,  and  No.  5,249,  December  28, 
1878),  by  which  the  use  of  rosin  oil  and  soft  soap 
was  obviated. 

Samples  analysed  by  the  writer  from  material 
made  under  these  patents,  and  supplied  as  sheep 
dips,  gave  the  following  tigures  : 

Creosote  00-4 

Eosin  29-1) 

Caustic  soda  ....  2-4 
\Yat«.r  7-6 

100^ 

These  substances,  blended  in  the  manner  set 
forth  in  the  patents  referred  to,  furnish  a  fluid 
equally  capable  of  mixing  or  emulsifying  most 
perfectly  with  water,  which  is  in  extensive  use 
under  the  name  of  '.Jeyes'  disinfectant.' 
I  Similar  preparations  are  also  in  the  market 
I  utider  the  name  of  '  carbolated  creosote.' 

The  consumption  of  these  fluids  (exported 
to  America,  Australia,  and  other  great  cattle 
stations)  is  very  considerable.    Creosote  oils  to 
I  the  extent  of  about  100,000  gallons  per  annum 
are  consumed  in  the  preparation  of  these  'dips.' 
I  The  pre])aralions  thus  brielly  described  arc  non- 
I  poisonous,  which  gives  them  considerable  ad- 
vantage over  many  in  use  containing  arsenic  and 
metallic  preparations. 

Tlie  best  method  of  ascertaining  tlie  complete 
solubility  or  '  miscibility  '  of  these  preparations 
in  water  consists  in  tilling  a  dial  glass  six  inches 
in  diameter  about  tlirce-fourths  full  of  distilled 
water,  and  placing  one  drop  of  the  prepared 
creosote  on  its  inner  surface  in  close  proximity 
to  that  of  the  water.  As  the  drop  runs  down 
and  meets  the  water  it  is  rapidly  taken  up, 
plaiiing  over  its  surface  with  a  rapid  vwliuii, 
rendering  it  milky  or  opaque,  and  so  on  till 
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complete  disappearance.  Any  residue  of  creosote 
or  of  the  preparations  left  adherent  to  the  glass 
betrays  an  imperfectly  made  material. 

Creosotes  from  other  sources  {blast  furnace, 
coke  ovens,  and  shale  oil). — Several  creosotes  of 
this  character  have  been  studied  by  Watson 
Smith  and  A.  H.  Allen ;  they  have  been  found 
to  differ  materially  from  those  derived  from  coal 
and  wood  tar,  occupying  an  intermediate  position. 
The  waste  gases  issuing  from  blast  furnaces  de- 
posit a  considerable  quantity  of  tar  yielding  a 
creosote  greatly  resembling  that  furnished  by 
gas  tar ;  it  differs,  however,  in  the  character  of 
the  phenoloids  obtained  from  it ;  one  of  these 
bodies  extracted  by  Watson  Smith  contained 
only  1-33  p.c.  of  real  phenol,  boiling  at  182'^C., 
whereas  the  tar  acids  from  Lancashire  tars  yield 
05  p.c.  of  crystallisable  carbolic  acid.  The  frac- 
tions passing  over  between  210°  and  230°C.  con- 
tain phloral  and  creosol,  and  those  following  at 
a  higher  temperature— viz.  3(i0°— furnish  com- 
pounds allied  to  tlic  eupittonnic  acid  obtained 
from  wood  tar. 

A  similar  feature  characterises  tlie  products 
furnished  by  coke  oven  and  other  allied  tars. 
All  yield  phenoloids  that  approximate  ]nore 
closely  to  those  from  wood  tar;  but  creosote 
derived  from  shale  oil,  although  presenting  a 
close  resemblance  to  that  from  wood  tar,  differs 
in  several  respects  ;  creosol  appears  to  be  en- 
tirely absent ;  on  the  other  hand,  phloral  is 
present,  as  also  a  cymenol  boiling  at  2.37°C. 
The  pyrogallic  ethers  boiling  respectively  at 
253°,  2G.3°,  and  2S5°C.,  found  by  Hofmann 
in  wood  creosote,  have  also  been  separated  from 
shale  creosote.  '  Blast  furnace  creosote  oil '  is 
now  produced  in  vast  quantities  in  Scotland,  and 
the  question  of  application  has  received  a  con- 
siderable amount  of  attention.  To  a  certain 
extent  it  has  been  employed  for  creosoting 
timber,  in  producing  the  '  lucigen  '  light,  and 
as  a  liquid  fuel.  It  furnishes  from  20  to  3.5  p.c. 
of  plionoloid  substances  soluble  in  caustic  soda, 
as  against  4  to  7  p.c.  in  London  coal  tar  creosote, 
and  about  16  p.c.  for  Midland  or  country  make. 
Allen  and  Angus,  who  have  closely  studied  these 
bodies,  liave  recently  secured  by  patent  their  use 
as  an  antiseptic  under  the  name  of  '  neosote,' 
a  word  signifying  'new  preserver'  (K.  P.  11,(1811, 
August  2',(,  1887).  Experiments  have  sliown  that 
the  substance  comjiares  favourably  with  carbolic 
acid,  while  its  caustic  properties  (wdien  applied 
to  the  skin)  are  very  much  less  marked.  When 
freshly  prepared  the  fluid  is  almost  colourless, 
and  bears  the  gi-eatest  resemblance  to  wood  tar 
creosote. 

Bihliajraphij. — Lunge's  Coal  Tar  and  Am- 
monia, 2nd  edit.  18S7 ;  Boulton  on  the  Anti- 
septic Treatment  of  Timber  (Proceedings  of  the 
Institution  of  Civil  Engineers,  78,  session  18H3- 
84, part  4) ;  Allen's  Commercial  Organic  Analysis, 
2nd  edit.  1880.  B.  k. 

CRESOL  C,H,(CII,)OH.  The  three  isomeric 
cres(ds  exist  in  coal  tar  (Williamson  and  Fairlie, 

A.  02,  310;  Ihle,  J.  pr.  [2]  14,  442;  Tiemann 
and  Schotten,  B.  11,  7(i7,  783)  in  about  the  fol- 
lowing proportions :  Orthocresol  35  ji.c,  meta- 
cresol  40  p.c,  and  paracresol  25  p.c.  (Sehuize, 

B.  20,  410). 

The  cresols  can  be  separated  from  the  oily, 
non-crystallisable  mother  liquors   obtained  in 


the  purification  of  crude  phenol  by  fractiona- 
tion and  crystallisation,  by  dissolving  tliem  in 
soda-ley,  freeing  the  solution  from  naphthalene 
or  other  hydrocarbons  by  a  current  of  steam, 
and  then  fractionally  precipitating  witli  sul- 
phuric acid.  Tlie  first  fractions,  owing  to  the 
greater  acidity  of  phenol,  contain  chiefly  cresols, 
and  are  further  purified  by  distillation  (Miiller, 
Z.  1805,  270).  The  isomeric  cresols,  however, 
cannot  be  obtained  pure  from  this  product,  and 
must  be  prepared  synthetically. 

Preparation  of  ortho-  and  para-crcsol.  Pure 
ortho-  and  para-cresol  can  be  obtained  by  fusing 
the  potassium  salts  of  the  corresponding  toluene- 
sulphonic  acids  with  alkali  (Engelhardt  and 
Latschinow,  Z.  1809,  020),  or  by  diazotising  the 
corresponding  toluidines.  For  this  purpose  the 
toluidine  (15  parts)  is  dissolved  in  sulphuric  acid 
of  sp.gr.  =  1-8  (15  parts)  diluted  with  500  parts 
of  water,  treated  with  an  aijueous  solution  of 
potassium  nitrite  (12  parts),  and  the  product 
gradually  heated  with  steam.  The  resulting 
I  cresol  is  then  distilled  with  steam,  the  distillate 
]  treated  with  soda-ley,  then  with  sulphuric  acid, 
and  the  liberated  cresol  extracted  with  ether  and 
finally  distilled  in  a  current  of  carboi  dioxide 
(T.  &  S. ;  I.). 

OrtJiocresol  can  also  be  obtained  from  car- 
vacrol  by  treatment  with  phosphorus  pentoxide 
(Kekule,  B.  7,  1000).  It  is  crystalline,  melts  at 
30°  (T.  &  S. ;  I.),  at  31-31-5°  (K.),  boils  at  188^ 
(T.  &  S.),  and  on  fusion  with  caustic  potash  is 
converted  into  salicylic  acid.  When  nitrated  it 
yields  dinitro-orthooresol  (m.p.  =  85-8°)  (Nolting 
I  and  Salis,  B.  14,  087). 

I  Metitcresol  is  prepared  by  heating  thymol 
j  (100  parts)  with  half  its  weight  of  phosphorus 
pentoxide  for  10-12  hours  until  propylene  ceases 
to  be  evolved,  adding  the  product  to  115-120 
parts  of  fused  alkali,  and  further  heating  the 
fused  mixture  for  5-10  minutes  to  decompose 
the  cresyl  phosphate  formed.  The  melt  is  then 
dissolved  in  water,  treated  with  ether  to  remove 
any  undecomposed  cresyl  phosphate  and  other 
impurities,  then  acidified  with  hydrochloric  acid, 
and  the  separated  metacresol  extracted  with 
ether,  and  finally  distilled  in  a  current  of  car- 
bon dioxide  (E.  &  L.,  T.  A  S.).  It  is  ordi- 
narily a  liquid,  but  has  been  obtained  in  crystals 
melting  at  3  4°  (Stiidel,  P..  18,  3443)  ;  it  boils  at 
201°  (Oppenheim  &  Pfaft',  B.  s,  880).  Its  aqueous 
solution  is  coloured  blue  by  ferric  chloride. 
When  fused  with  caustic  potash  it  is  converted 
into  metahydroxybenzoic  acid,  and  on  nitration 
it  yields  a  trinitro-  derivative  (Nolting  &  Salis, 
B.  14,  087;  15,  1858). 

Paracresol  crystallises  in  prisms,  melts  at 
30°  (Barth,  A.  1.54,  358),  30-37°  (T.  &  S.),  and 
boils  at  198°  (I.),  at  198-199°  (T.  &  S.)  Its 
aipieous  solution  gives  a  blue  colour  with  ferric 
chloriile.  When  fused  with  caustic  potash  it 
is  converted  into  parahydroxybenzoic  acid,  and 
on  nitration  it  yields  a  dinitro-  derivative 
(m.p.  =  82-5°)  (Kichter,  A.  230,  313;  Nolting  & 
Sails,  I.e.). 

A  mixture  of  nitro-  derivatives,  obtained  by 
sulphonating  coal  tar  cresol  and  nitrating  the 
sodium  salt  of  the  resulting  cresolsulphnuic, 
acid  with  nitric  acid  of  sp.gr.  =  1'2,  has  been 
employed,  under  the  names  '  Victoria  yellow,' 
'  saffron  surrogate  '  (2- v.),  as  a  dye  for  wool  and 
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Bilk,  and,  although  poisonous  (compare  Weyl, 
E.  20,  2S35  ;  21,  512),  is  occasionally  used  as 
a  colouring  matter  for  butter,  cheese,  &'C. 

CEESOL  EED  v.  Azo-  colouring  matters. 

CEESYLIC  ACID.  The  non-crystallisable, 
higher  boiling  portion  of  tlie  phenols  obtained 
in  the  purilication  of  phenol  (q.  v.)  is,  after 
rc-distiliation,  known  commercially  as  cresylic 
acid  or  liquid  carbolic  acid.  It  is  a  colourless, 
oily  liquid,  consisting  chiefly '  of  the  three 
isomeric  cresols,  and  has  a  sp.gr.  =  1-014.  It 
does  not  solidify  at  —80°,  is  much  less  soluble 
in  water  and  alkaUs  than  phenol,  and  also  boils 
at  a  higher  temperature  (about  185-203°).  Its 
antiseijtic  i^ropcrtics  are  more  marked  than  those 
of  phenol  (Lunge,  Coal  Tar  and  Ammonia,  ed. 
1887,  1-42). 

CRITH.    The  weight  of  a  litre  of  hydrogen 
at  0  ^C.  and  7G0  mm.  pressure  —viz.  0'0896  grams. 
CROCEIN  V.  Azo-  coLouniN'G  matters. 
CRaCEIN,  BRILLIANT,  v.  Azo-  colouriho 

MATTERS. 

CROCE'iN    ORANGE    v.    Azo-  colouring 

matters. 

CROCEIN    SCARLET    v.    Azo-  colouring 

matters. 

CROCEIN  YELLOW  v.  Nat>hth.\i,ene. 

CROCIDOLITE.  [Krokijdolith,  Ger.)  In  1831 
Hausmann  gave  this  name  to  a  fibrous  mineral 
from  South  Africa,  which  was  shown  by  Stro- 
meyer  to  be  a  hydrated,  silicate  of  iron,  sodium, 
and  magnesium  (Getting,  gelehr.  .\nz.  18.'51, 
1,585;  P.  A.  23,  153).  The  name  (from  KpoKis, 
'  wool ')  alluded  to  the  asbcstiform  texture  of 
the  mineral.  A  similar  substance,  brought  from 
near  the  Orange  River  by  the  African  traveller 
Lichtenstein,  had  been  examined  by  Klaproth, 
wlio  described  it  as  early  as  1815  under  the  name 
of  lUauciscnstciii  (Beitr.  G,  1815,  237).  In  some 
varieties  the  fibres  are  blue,  in  others  brown. 
The  original  crocidolite  has  been  generally 
regarded  by  modern  mineralogists  as  closely 
related  to  arfvcdsonilc,  a  soda-bearing  mineral 
of  the  hornblende  group  (Rammelsberg,  Min. 
Ch.  2  Auf.  1,  1875,  408).  An  analysis  by  Kenard 
and  Element  gave  SiO.„  51-89;  Fe.O.,,  li)-22 ; 
FeO,  17-53  ;  CaO,  0-40  ;  MgO,  2-43  ;  Na.O,  015  ; 
K.,0,  0-15  ;  11,0,  2-3(i  (Bull.  Ac.  Roy.  Bclg.  s.  3, 
t.  8,  1884).  Assuming  that  part  only  of  the 
water  is  basic,  the  authors  deduce  for  crocidolite 
the  following  formula : 

Si,,Fe,Fe,(Mg.Ca)(Na.K)J-LO,,-i-H.,0. 

Klaproth  was  aware  of  the  existence  of 
another  South  African  mineral  occurring  with 
the  crocidolite,  but  regarded  by  him  as  a  librous 
form  of  quartz.  This  Fascrqiiarz,  which  was 
afterwards  confounded  with  the  true  crocidolite, 
is  the  mineral  which  has  of  late  years  become 
fashionable  as  an  ornamental  stone.  It  is  a 
hard  fibrous  mineral,  generally  of  rich  brown 
colour,  but  in  some  cases  blue  or  bluish-green 
and  occasionally  white.  Formerly  it  was  ex- 
ceedingly scarce,  and  known  only  in  mineralogical 
cabinets,  but  since  the  development  of  the  dia- 
mond fields  of  Griqualand  West  immense  quan- 
tities have  been  brought  to  Europe.    Like  most 

'  K.E.  Sc1iu:zc  li;is  fimiun  :3  :5.nia  1  :2  M  xylenol  in 
thp  coal  tar  fniotiou  17u-210°  (B.  20,  110),  mid  it  is  there- 
fore reiisouablo  to  suppose  that  .wlcuols  c.\ist  iii  'cresylic 
aciJ,'  although  uot  yet  Ueteeled  in  it. 


fibrous  minerals,  it  presents  when  polished  a 
luminous  band  running  transversely  across  the 
fibres ;  and  hence  when  cut  cn  caboclion  (i.e. 
■with  a  convex  surface)  it  is  known  as  '  South 
African  cat's-eye.'  Large  quantities  are  cut  and 
polished  in  the  Obersteiu-Idiir  district  {v.  Ag.ite), 
where  it  is  generally  termed  Tigeraugc,it  brown, 
and  Falkcnaugc,  if  blue.  As  artificial  methods 
of  modifying  the  natural  colour  are  practised,  a 
considerable  diversity  of  tints  is  now  obtainable. 
An  analysis  of  this  brown  tiger-eve  stone  by  F. 
1  Wibel  gave  SiO.„  57-4(5 ;  Fe..O„  57-5'G  ;  H.O,  5-15 
!  (N.  Jahrb.  f.  Min.  1873,  3G7).  His  analysis  of 
j  the  blue  variety  yielded  SiO..,  97-27  ;  FeO,  1-G7  ; 
CaO,  0-15  ;  H.,0,  0-57.  The"  sp.gr.  of  the  brown 
is  recorded  as  3-05  ;  and  of  the  blue  2-G!l.  From 
microscopic  examination  of  thin  sections  Wibel 
concluded  that  the  ordinary  brown  mineral  is  a 
mixture  of  colourless  fibrous  quartz  and  GOthitc, 
while  the  bluish  variety  is  a  mechanical  aggre- 
gate of  quartz  and  crocidolite.  The  fibi-ous 
quartz  was  regarded  in  both  varieties  as  pseudo- 
moi-phous  after  crocidolite. 

A  very  careful  study  of  these  substances  was 
made  in  18S4  by  A.  Renard  and  C.  Klement  (Bull. 
Ac.  Roy.  Belg.  3,  8),  whose  conclusions  differed 
essentially  from  those  of  Wibel.  Their  analysis 
of  the  brown  tiger  eye  yielded  SiO.,  93-05 ; 
Fe-A,  AUOj,  6-GG;   CaO,  0-44';  MgO, 

0-2G ;  H.O,  0-76.  This  comes  nearer  to  the 
original  analysis  of  Klaproth,  wlio  obtained 
SiO.^,  98-5  ;  Fe_,03, 1-5.  The  blue  hawk's-ej-e  was 
found  by  Renard  and  Klement  to  contain  Si0.„ 
93-45;  Fe.O.,,  2-41;  FeO,  1-43;  Al.O,,  0  23"; 
CaO,  0-13  ;  MgO,  0  22  ;  H,0,  0-82.  Their  micro- 
scopic study  of  the  stone  leads  them  to  conclude 
that  the  quartz  is  not  a  pseudomorph  after 
fibrous  crocidolite,  but  was  deposited  between 
the  fibres  of  the  original  crocidolite  from  a 
siliceous  solution  which  permeated  the  mineral. 
The  rocks  in  which  it  is  found  have  unq  iestiou- 
ably  been  much  altered. 

Both  the  true  crocidolite  and  the  pseudo- 
crocidolite,  or  association  of  quartz  and  crocido- 
lite, occur  with  jasper  and  magnetite  in  thin 
scams,  more  or  less  contorted,  intercalated  in 
the  jaspideous  schists  of  the  Asbestos  Mountains 
and  the  Doornberg.  It  is  the  fibrous  crocidolite, 
formerly  mistaken  for  asbestos,  which  has  given 
the  name  to  the  Asbestos  Mountains. 

F.  W.  E. 

CROCIN  V.  Glucosides. 
CROCOISITE.    Native    load    chromate  v. 
CmtoiirM. 

CROOKESITE  v.  Thallium  and  Selenium. 

CROTON  OIL  !-.  Oils. 

CROWN  GLASS  v.  Glass. 

CRUCIBLES.  A  perfect  crucible  should  with- 
stand the  highest  temperatures  without  fusion, 
should  bear  sudden  changes  of  temperature 
without  fracture,  and  should  be  unacted  upon 
by  tlie  materials  which  are  to  be  heated  in  it. 

Clay  crucibles  are  prepared  from  selected 
clay  ;  of  the  Stourbridge  clay  worked,  only  about 
5  p.c.  is  available  for  this  purpose.  Its  plasticity 
is  much  increased  by  exposure  for  some  months 
in  a  moist  condition  to  the  air.  During  this 
process  of  '  weathering  '  it  becomes  disintegrated 
and  the  removal  of  foreign  matter  is  thereby 
facilitated.  The  presence  of  iron  pyrites  is  es- 
pecially injurious;,  furnace  gases  convert  it  into 
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the  oxide  which  acts  as  a  flux  and  forms  cavities 
in  the  crucible.  Lime  is  also  luntful,  except 
■wlieu  in  very  small  quantities  and  uniformly 
distributed.  Potash  and  soda  are  invariably 
present  in  clay,  and  when  in  small  quantity 
increase  the  coherence  of  the  crucible  without 
appreciably  impairing  its  power  of  witliLtanding 
the  action  of  heat. 

In  order  to  reduce  the  tendency  to  crack,  and 
to  increase  its  refractory  character,  the  clay  is 
usually  mixed  with  sand,  ground  flints,  burnt  clay 
(old  broken  crucibles),  graphite  or  coke.  These, 
which  are  either  less  fusible  than  the  clay  or 
altogether  infusible,  form  a  skeleton  which  up- 
holds and  prevents  deformation  of  the  crucibles 
at  temperatures  at  which  the  clay  would  tend  to 
fuse.  The  most  refractory  crucibles  contain  the 
largest  proportion  of  silica. 

The  clay,  which  should  be  of  the  greatest 
possible  fineness,  is  well  beaten  to  remove  air 
bubbles  and  mixed  with  the  proper  quantity  of 
the  refractory  material.  According  to  Berthier 
(Traitii  des  Essais,  1,  GG),  when  silica  is  used,  it 
should  not  be  too  tine,  as  the  tendency  to  combine 
with  the  clay  and  thus  increase  the  fusibility 
would  thereby  be  increased.  Crucibles  of  fine 
grain  are  also  more  liable  to  fracture. 


Small  crucibles  are  usually  baked  in  a  kiln, 
but  the  large  casting  pots  of  Stourbridge  clay 
are  not  baked  until  immediately  before  use. 
When  the  temperature  of  the  baking  is  high, 
the  crucible  is  more  liable  to  fracture  on  re- 
heating. 

All  clay  crucibles  are  more  or  less  acted  upon 
by  litharge,  but  metals  and  most  ores  may  be 
heated  in  them  without  danger.  Berthier  re- 
commends a  lining  of  such  material  as  silica, 
alumina,  or  magnesia  previously  moistened. 
A  lining  of  chalk  renders  a  crucible  less  per- 
meable to  litharge. 

Stourbridge  clay  crucibles  are  made  from  a 
mixture  of  raw  ground  clay  with  about  one  half 
its  weight  of  powdered,  sifted,  old  glass  pots, 
from  which  all  adherent  glass  has  been  re- 
moved, the  mixture  being  made  in  a  disc  mill, 
and  kneaded  to  the  proper  consistency.  Percy 
gives  the  composition  of  the  Stourbridge  clay 
used  for  the  best  crucibles  as  silica,  79'"25 ; 
alumina,  13-57  ;  iron  oxide,  1-38  ;  lime,  0-08  ; 
magnesia,  0'42  ;  water,  5-11. 

The  following  analyses  sliow  the  composition 
of  cei'tain  varieties  of  crucibles.  Nos.  1-7  are 
by  Berthier,  No.  8  by  Dick,  Nos.  9-12  by  Brand, 
and  Nos.  13-15  by  Mene  : 


Silica 

Alu- 
mina 

Iron 
oxide 

Mag- 
uesia 

Lime 

Potasli 

Sul- 
pluu- 

Carbon 

Water 

1. 

French,  made  by  Beaufay 

at  Paris  .... 

G4-G 

34-1 

1-0 

2. 

French,  made  by  Doyeux 

at  Savignies  . 

72-3 

10-5 

3-9 

1-8 

3. 

Hessian    .       c       .  . 

70-'J 

24-8 

3-8 

4. 

English  steel 

71-0 

23-0 

4-0 

5. 

St.  Etienne  steel 

G5-2 

35-0 

7-2 

G. 

Glass  pots,  Nemours  . 

G7-4 

32-0 

0-8 

7. 

,,       ,,    Bohemia . 

G8-0 

29-0 

2-2 

0-5 

8. 

Cornish,  made  by  Juleff  . 

72-3U 

25-32 

1-07 

trace 

0-38 

1-14 

<). 

Steel  crucible  ;  clay  . 

53-92 

40-57 

0-23 

10. 

,,         coke  clay  . 

42-78 

34-71 

0-49 

18-GO 

11. 

,,        ,,         graphite  . 

24-G3 

27-89 

0-27 

40-43 

12. 

Magnesia  .... 

4-8 

2-49 

92G2 

0-099 

13. 

English  blacklead 

51-40 

22-00 

3-50 

0-20 

20-00 

1-80 

14. 

Ditto  

45-10 

1G-G5 

0-95 

0-09 

34-5 

2-50 

15. 

Ditto  

50-00 

20-00 

1-5C 

0-50 

25-50 

3-00 

Hessian  crucibles  are  composed  of  equal 
weights  of  almerode  clay  and  sand.  They  are 
usually  triangular,  of  coarse  texture,  porous, 
rapidly  destroyed  by  litharge,  and  liable  to  frac- 
ture on  sudden  change  of  temperature,  but  will 
withstand  a  very  high  degree  of  heat. 

French  crucibles  are  made  from  a  mixture  of 
1  part  raw  Ardennes  clay  and  2  parts  of  the 
same  which  has  been  burnt.  They  are  refractory 
and  of  fine  texture. 

Cornish  crucibles  are  largely  used  for  copper 
assaying.  They  are  round,  of  coarse  grain,  and 
of  a  mottled  greyish-white  colour.  They  are 
kiln-burnt,  and  withstand  sudden  changes  of 
temperature,  but  cannot  be  heated  to  whiteness. 
Cornish  crucibles  are  now  made  by  the  Morgan 
Crucible  Company  at  Battersea. 

London  crucibles  are  of  reddish-brown  co- 
lour and  close  texture.  They  will  not  stand 
sudden  change  of  temperature,  but  withstand 
the  action  of  litharge  fairly  well. 


White  fluxing-  pots  are  made  by  the  Mor- 
gan Company  from  a  highly  refractory  fire- 
clay from  Kouen.  Crucibles  containing  carbon 
are  now  largely  used.  For  very  high  tem- 
peratures, crucibles  cut  from  a  block  of  gas 
carbon  or  similar  material  may  be  em^Dloyed. 
Clay  crucibles  may  also  be  tilled  with  a  moist 
mixture  of  charcoal  with  starch,  treacle,  gum- 
water,  or  oil,  or,  for  large  crucibles,  gas  tar. 
The  mass  is  forced  with  considerable  pressure 
into  the  crucible  and  is  then  cut  out,  leaving  a 
coating  of  about  j|-inch  in  thickness,  or  the  coat- 
ing is  imt  into  the  crucible  and  smoothed  with  a 
glass  rod.  The  crucible  is  then  filled  with  pow- 
dered charcoal  and  heated  to  redness. 

For  the  fusion  of  metals,  lAumbago  or  coka 
crucibles  are  of  great  value,  but  they  are  not 
largely  used  for  assaying.  At  the  Battersea 
works  the  following  process  of  manufacture  is 
employed  : — Hand-picked  Ceylon  plumbago  is 
ground,  sifted,  digested  with  dilute  sulphuric 
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acid  to  remove  the  greater  part  of  tho  iron,  and  ' 
mixed  and  kneaded  to  a  sliUi  paste,  witli  about 
an  eciual  weif,')it  of  line  fireclay.  The  mixture 
is  passed  tbrough  a  pug-mill,  and  is  cut  into 
blocks.  \Yhen  recjuired  for  use,  tbe  blocks  are 
again  passed  through  the  mill,  and  made  by 
hand  on  a  wheel  or  moulded  by  machinery. 
They  are  then  dried  and  baked  in  saggars. 

Graphite  crucibles  are  of  fine  grain,  and  will 
withstand  the  highest  temperatures  and  repeated 
sudden  changes.  The  graphite  is  slowly  oxi- 
dised by  metallic  oxides  or  by  the  furnace  gases. 
To  minimise  this,  the  crucible  may  be  coated  by 
dipping  in  a  paste  of  clay  and  solution  of 
borax.  Aiiy  iron  which  is  present  in  the  graphite 
is  liable  to  become  introduced  into  the  melt,  and 
the  carbon  itself  combines  with  iron  or  steel 
(v.  Brand,  C.  C.  15,  407  ;  and  D.  P.  J.  250,  227). 

Salamander  crucible,  made  by  the  Morgan 
Company,  contain  a  much  smaller  proportion  of 
carbon.  They  witlist,\nd  sudden  changes  of  tem- 
perature perfectly. 

Lime  crucibles  arc  absolutely  infusible.  They 
are  cut  from  blocks  of  w-ell-burnt  (preferably 
slightly  hydraulic)  lime.  Their  use  in  Deville's 
oxyhydrogen  furnace  is  described  under  Plati- 
num. 

Magnesia  was  introduced  by  Caron  as  a 
refractory  basic  material  for  making  crucib'cs 
or  for  lining  reverberatovy  furnaces  for  melt- 
ing and  deijhosphor.'sing  steel.  Magnesia  con- 
tracts considerably  when  heated;  it  is  there- 
fore necessary,  before  making  it  into  bricks  or 
crucibles,  to  expose  it  to  a  higher  temperature 
than  that  to  which  it  will  be  heated.  The 
strongly  calcined  magnesia  is  made  into  a  paste 
with  15-.S0  p.c.  of  raw  (slightly  calcined)  mag- 
nesia, and  10-15  p.c.  of  water,  and  is  moulded, 
dried,  and  baked  at  a  red  heat.  The  highly- 
heated  magnesia  would  not  cohere  without  ad- 
mixture with  the  raw  material.  Magnesia  cru- 
cibles are  not  injured  by  exposure  to  the  atmo- 
sphere. Gaudin  makes  crucibles  from  a  mixture 
of  1  part  magnesia  and  1  part  bauxite. 

Alumina  crucibles  withstand  sudden  changes 
of  temperature,  and  are  not  affected  by  the 
materials  fused,  even  sodium  being  without 
action.  According  to  Deville's  process  (A.  Ch. 
[8]  -10,  195),  alumina  precipitated  at  low  tem- 
perature from  ammonia  alum  solution  is  mixed 
with  an  equal  weight  of  powdered  marble,  and 
is  exposed  to  the  highest  temperature  of  a  wind 
furnace.  The  mixture  so  produced,  which  may 
be  considered  as  consisting  of  calcium  aluniinate, 
is  mixed  with  its  own  weight  of  moist,  pre- 
cipitated alumina,  and  is  made  into  a  crucible, 
dried  and  baked.  When  the  crucible  is  required 
to  withstand  higher  temperatures,  the  amount 
of  the  calcium  aluminate  may  be  reduced,  but 
the  proportion  of  lime  should  not  fall  below  10 
to  20  p.c. 

Bauxite  has  been  used  to  replace  alumina. 
It  is  extremely  refractory  (v.  Bauxite,  art. 
AniMiNiuir). 

Porcelain  crucibles  v.  Poucelmn. 

Platinum  crucibles  v.  IVati.n'um. 

Se(!  further,  Korl,  Handb.  Thonvaaron  Ind. 
1S79,  528-534  ;  and  Percy,  Metallurgy  (Fuel  &c 
1S75),  110-141. 

CRYOLITE.  {Kn/olilh,  Ger.)  A  native  fluor- 
ide of  aluniinituu  and  sodium,  found  almost 


exclusively  in  Greenland,  whence  it  has  been 
sometimes  called  'Greenland  spar.'  The  name 
cryolite,  or  '  ice-spar '  (Eixslcin)  refers  to  the 
general  resemblance  of  the  mineral  to  ice  (xpuoi) 
and  to  its  ready  fusibility  in  a  candle-Hame.  The 
mineral  was  discovered  by  the  Danes  in  1794, 
and  described  in  the  following  year  by  Schu- 
macher. Nearly  all  the  cryolite  of  commerce  is 
obtained  from  a  single  locality  at  Evigtok,  about 
12  miles  from  Arksut,  in  W.  Greenland.  This 
locality  was  visited  by  Giesecke,  and  later  by 
J.  W.  Taylor  (Quart.  Jour.  Geol.  Soc,  12,  140). 
The  cryolite  occurs  as  a  large  deposit  in  gneiss, 
and  contains  (especially  near  its  junction  with 
the  inclosing  rock)  a  number  of  metallic  minerals, 
such  as  galena,  pyrites,  and  chalybite  (r.  P.  John- 
strup,  N.  Jahrb.  f.  Min.  188(>,  1,  Ref.  28). 

Cryolite  is  usually  found  in  cleavable  trans- 
lucent masses,  of  snow-white  colour,  with  a 
vitreous  lustre.  H.  2-5  ;  S.G.  2-9-3.  Crystals 
are  rare,  and  their  relations  have  been  the  sub- 
ject of  much  discussion.  Formerly  considered 
to  be  ortliorhombic,  they  were  afterwards  re- 
garded by  Descloiseaux  and  Wehsky  as  triclinic, 
while  recently  Krenner  and  Groth  have  described 
them  as  monoclinic  (Zeit.  f.  Kryst.  7,  1883, 
375).  Although  cryolite  is  usually  white,  it  is 
sometimes  coloured  brown  or  reddish,  and  is 
said  to  pass  downwards,  in  the  Greenland 
deposit,  into  a  black  mass.  The  black  variety 
loses  its  colour  when  heated.  BB.  cryolite  fuses 
to  a  white  enamel. 

The  composition  of  cryolite  may  be  repre- 
sented by  the  formula  Al  F.,.()XaF.  This  corre- 
sponds to  13  p.c.  Al,  32-81  Na,  and  54-19  F.  An 
analysis  of  the  Greenland  crvolitc  bv  Chodncw 
yielded  13  23  p.c.  Al,  and  32-71  Na,  w"ith  0-83  of 
Mn^a  and  MgO  (Verh.  Petersb.  min.  Ges., 
1815-6,  209).  Dnrnew  found  in  the  cryolite 
of  Miask,  in  tho  Urals,  13-41  p.c.  M,  32-31  Na, 
0-55  Fe.O,,  and  Mn ,0,  and  0-35  CaO  (P.  S3,  587). 
Ucville  found  in  the  (ireenland  cryolite  0  018  p.c. 
of  vauadic  acid  and  a  small  proportion  of  phos- 
phoric acid.  An  analysis  of  cryolite  from  near 
Pike's  Peak,  California,  by  Cross  and  Hillebrand 
yielded  Al  12-9,  Na  324,  F  53-55,  Fe.O,  04, 
Ca  0-28,  H,0  0-3  (Am.  J.  S.  [3]  26, 1883,  271). 

Cryolite  was  formerly  a  rare  mineral,  but 
about  1855  it  was  introduced  into  Europe  com- 
mercially, and  at  once  found  numerous  applica- 
tions in  the  arts.  By  heating  finely  powdered 
cryolite  with  sodium,  or  with  magnesium, .J.  Percy 
and  A.  Dick  obtained  metallic  aluminium  (P.  M. 
10,  1855,  3(i4).  H.  Kose  and  Wohler  about  the 
same  time  prepared  aluminium  by  heating  cryo- 
lite with  KCl  or  NaCl.  Devillo  found  that  fused 
cryolite  is  decomposed  by  the  passage  of  an 
electric  current,  with  elimination  of  free  alumi- 
nium. At  the  present  time  aluminium  is  not 
obtained  from  cryolite,  as  the  metal  prepared  in 
this  way  has  been  found  to  contain  phosphorus. 

A  wide  range  of  ajiplications  was  suggested 
when  Julius  Thomsen  showed  in  1850  that  cryolite 
is  readily  decomposed  by  ignition  with  carbonate 
of  calcium,  and  that  aluminate  of  sodium  may 
be  thus  obtained : 

Al..F,.6NaF  -t-  6CaC0, 
=  3Na,b.Al,0.,  +  6CaF,  +  (iCO,. 
If  ignited  with  quicklime,  a  similar  decomposi- 
tion is  effected,  of  course  w'ithout  evolution  of 
CO.,.    The  aliuuiuate  of  soda  has  been  used  iu 
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the  manufacture  of  alum,  and  in  the  preparation 
of  caustic  soda  for  soap-making.  By  lixiviation, 
the  ahiniinate  is  easily  dissolved  out ;  and  by 
the  passage  of  CO^  through  the  solution,  Na^CO., 
is  obtained,  while  alumina  separates  in  a  gela- 
tinous form.  The  decomposition  of  cryolite 
may  also  be  effected  by  boiling  the  hnely-pul- 
verised  mineral  with  milk  of  lime.  By  adding 
an  excess  of  powdered  cryolite  to  the  resulting 
solution,  the  aluminate  is  decomposed,  the  alu- 
mina being  precipitated  while  fluoride  of  sodium 
remains  in  solution  : 

3Na,,0.Al  ,03  +  Al,F„.GNaF  =  2AhO,  +  12NaF. 

Cryolite  can  be  readily  decomposed  by  the 
action  of  sulphuric  acid,  with  format-ion  of  sul- 
phate of  sodium,  wliich  can  be  easily  converted 
into  carbonate  ;  but  the  process,  after  trial  at 
Copenhagen,  has  been  abandoned  in  consequence 
of  the  inconvenience  arising  from  the  evolution 
of  hydrofluoric  acid  : 

Al,F,.GNaF-KiH,SO, 
=  Al,(Sb,),  +  3Na,S0>  12HF. 

The  manufacture  of  soda  from  cryolite  is 
carried  on  at  Oersund  in  Denmark,  and  at 
Natrona,  near  Pittsburg  in  Pennsylvania.  The 
mineral  is  also  employed  in  the  preparation  of 
an  opaline  glass,  somewhat  resembling  porcelain. 
This  glass  may  be  formed  by  fusing  together 
100  parts  of  siHca,  35  or  36  of  cryolite,  and  13 
or  14  of  oxide  of  zinc.  C.  Weinreb  has  in- 
vestigated the  cause  of  the  milkiness  of  cryolite- 
glass,  and  believes  that  it  is  due  to  the  presence 
of  fluoride  of  aluminium,  which  oir  the  cooling 
of  the  fused  mass  separates  in  a  highly  com- 
minuted condition,  and  being  distributed  through 
the  glass  renders  it  more  or  less  opaque  (D.  P.  J., 
250,  3(il).  F.  W.  R. 

CRYPTOPINE  V.  VEOETO-ALKAi.nins. 

CRYSOBERYL  or  CHBISOBERYL  v.  Beryl- 

LIU5I. 

CRYSTALLIN  v.  ALr.ujnxoiDS. 
CRYSTAL    PONCEAU  v.   Azo-  coloubisg 
MATT}';i;s. 

CRYSTAL  VIOLET  v.  TnirnnNYL  methane 

COLOtUnXC  MATTEL'S. 

CRYSTAL  VARNISH  or  PAPER  VARNISH  v. 

Yaknish. 

CUBE  ORE.  Phasmacosidcritc ;  Sidcritc.  An 
iron  arsenate  found  crystallised  in  cubes  in  Corn- 
wall, Cumberland,  France,  Haxony,  and  Aus- 
tralia. Of  an  olive-green  colour,  passing  into 
grass-green  and  emerald-green,  or  to  honey-yellow 
and  brown.  Subtranslucent ;  sectile  ;  pyro-elec- 
tric.    Sp.gr.  2''.).    Hardness  2'5. 

CUBEBS  CAMPHOR  v.  Camwioks. 

CUBEBS,  OIL  OF,  v.  Oils,  essential. 

CUDBEAR  V.  AitcniL. 

CULLEN'S   EARIH  or  COLOGNE  EARTH 

V.  PicillENTS. 

CULLET  r.  Glass. 

CUI  M  r.  Anthracite,  art.  Fuel. 

CUMENES.  Cumoh.  The  name  cttmcnc, 
originally  applied  to  isopropylbenzene 

C,H,.CH(CHJ_, 
to  indicate  its  connection  with  ciniiic  acid,  from 
which  it  was  obtained  by  distillation  with  lime, 
is  freipiently  employed  as  a  generic  term  to 
denote  any  of  the  isomeric  benzene  hydrocarbons 
of  tlio  formula  C,,!!,.^.  Theory  predicts  the  exis- 
tence of  eight  of  these,  all  of  which  are  known. 


Fropylb  rzenes. 

1.  Normal pi-opijlbciupnc  C,H ,.CH,.CH,.CH,. 
By  the  action  of  sodium  on  a  mixture  of  bromo- 
benzene  and  propyl  bromide  in  ethereal  solution 
(Fittig,  Schiift'er  and  Konig,  A.  149,  324).  From 
Ijenzyl  chloride  C,H-.CH.,C1  and  zinc-ethyl 
(Paterno  and  Spica,  B.  10,  2114).  Liquid  boiling 
at  158-5°  under  751'(j  mm.  pressure;  sp.gr. 
0-S702      (R.  Schilf,  A.  220,  93).    Yields  benzoic 

acid  on  oxidation. 

2.  Isoproi>ylbcuzenc  (Cumctic) 

C„H,.CFI(CH3),. 
By  distilling  cumic  acid 

C,H,;CH(CH,),,1C0  JI(1,  4) 
with  lime  or  baryta  (Oerhardt  and  Cahours, 
A.Ch.L3]  1,87).  From benzal chloride C„H,.CHCl3 
and  zinc-methyl  (Liebmann,  B.  13,  46).  From 
benzene  and  either  isopropyl  bromide  or  normal 
propyl  bromide  in  presence  of  aluminium 
bromide  (Grustavson,  B.  11,  1251).  Licjuid  boil- 
ing at  152-5-153°  (cor.);  sp.gr.  0-87970  at  0^ 
Yields  benzoic  acid  on  oxidation. 

Methylethylbenzenes.     The  three  methyl- 
ethylbenzenes  are  obtained  by  the  action  of 
sodium  on   a  mixture   of  the  corresponding 
]  bromotoluenes  (ortlio-,  meta-,  or  para-)  with  ethyl 
bromide  or  iodide. 

1.  o-Mctlii/lctln/Ibcmrne 

C„h;(CH,)(CPP,){1,2). 
Liquid  boiling  at  158-159  ;  sp.gr.  0-8731  at  10°. 
Dilute  nitric  acid  oxidises  it  to  o-toluic  acid 
C,Hj(CH,)CO,H(l,  2). 

2.  m-MctlitiJethylbcmcnc 

C,H,(CH,)(C.,H,J(1,  3). 
Liquid  boiling  at  158-159°;  sp.gr.  0-809  at  20°. 
Chromic  acid  oxidises  it  to  isoplithalic  acid 
C,H,(CO,H),  (1,  3). 

3.  jj-Mctliijlcihylbcnzciie 

C„n,(CH,)(C„H  )(1,  4). 
Liquid  boiling  at  161-162^ ;  sp.gr.  0-8652 at  21°. 
Yields  on  oxidation  ^j-toluic  and  terephthalic 
acids. 

Trimethylbenzenes. 

1.  Coniieciitivc  irimctJn/lbcnzcne 

C„H,(CH,),(i,  2,  3). 
By  heating  the  calcium  salt  of  o-isoduric  acid 
i  C'H,(CH,,),C0.,H  with  lime.     Liquid  boiling  at 
168  "170°  (Jacobsen,  B.  15,  1857). 

2.  TJnsymmctrical  trimcthylbemcne  (pseudo- 
cuincne)  C^H,(GH,)3(1,  2,  4),  occurs  together 
with  mesitylene  in  coal-tar  (Beilstein  and  Kogler, 

I  A.  137,  317).  By  the  action  of  sodium  on  a 
mixture  of  either  bromo-paraxylene  or  bromo- 
metaxylene  with  methyl  iodide.  In  order  to 
isolate  it  from  coal-tar,  Armstrong  recom- 
mends (C.  N.  38,  5;  B.  11,  1697)  that  the 
mixture  of  pseudocumene  and  mesitylene  (v. 
infra)  boiling  between  160'^  and  170°,  obtained 
from  coal-tar  by  fractional  distillation,  should 
be  converted  by  treatment  with  an  equal  volume 
of  concentrated  sulphuric  acid  into  sulphonic 
acids.  The  mixture  of  sulphonic  acids,  which 
separates  as  an  oily  layer  on  carefully  adding 
water  to  the  sulphuric  acid  solution,  is  heated 
with  concentrated  hydrochloric  acid  in  a  scaled 
tube  for  1  hour  at  100^.  In  this  way  the 
mesitylene  suljjhonic  acid  is  decomposed,  re- 
generating mesitylene,  whilst  the  psendo- 
cumene-splphonic  acid  is  not  attacked.  After 
Eoparating  the  mesitylene  the  pseudocuuK.-ne- 
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sulphonic  acid  is  precipitated  from  the  hydro- 
chloric acid  solution  b}'  sulphuric  acid,  purilied 
by  recrystallisation  from  dilute  sulphuric  acid 
and  tiiially  decomposed  by  heatin;,'  with  hydro- 
chloric acid  at  140-1.50°,  when  it  breaks  up  into 
pseudocumene  and  sulphuric  acid.    Jacobsen  j 
(B.  9,  25G)  treats  the  mixture  of  sulphonic  acids 
with  barium  or  calcium  carbonate,  which  re-  ! 
moves  the  excess  of  sulphuric  acid  and  converts  , 
the  sulphonic  acids  into  barium  or  calcium  salts ; 
transforms  these  by  double  decomposition  with 
sodium  carbonate  into  sodium  salts ;  heats  the  ' 
latter  with  phosphorus  pentachloride,  with  which 
they  yield  the  sulphonic  chlorides  C,,H,,.S0.C1 ;  ' 
converts  the  chlorides  into  the  sulphonamides 
C,,H,|.SO_.NH..  "by  the  action  of  ammonia;  and 
separates  the  two  isomeric  sulphonamides  by 
recrystallisation  from  alcohol,  in  which  mesityl- 
ene  sulphonamide  is  readily,  pseudocumene  : 
sulplionaniide  only  sparingly  soluble.    The  sul- 
phonamides are  then  hydrolysed  by  heating  with 
concentrated  hydrochloric  acid  to  175'^ : 

C,,H„.SO  ,.NH,  +  2H.fi  =  C,;h:,.,  +  H.SO,  +  NHj. 
Pseudocumene  boils   at  1C9'8°  (cor.) ;  sp.gr. 
0-8()13  at  0°.    On  oxidation  with  nitric  acid  it 
yields  two  isomeric  acids  of  the  formula 

C,H3(CK,),C0,H 
— xylic  acid  and  ^j-xylic  acid — and  a  small 
quantity  of  xylidic  acid  C,H,,(CH,)(CO  H).. 

3.  Si/mmctrical  trimdhijlhcnzene  (MesiUjlcnc) 
C,H,(CH,),  (1,  3,  5).  In  coal-tar  (Pittig  and 
Wackeuroder,  A.  151,  292).  By  distilling 
acetone  with  sulphuric  acid 

3C0(CH,),,  =  C,H,,(CR,)3  +  3H  ,0 
(Kane),  or  by  dissolving  allylone  CH,C:CH  in 
sulphuric  acid  and  distilling  with  water 

3CHj.CICII  =  C,H,(CH,), 
(Fittig  and  Schrohe,  B.  8, 17).    (On  the  isolation 
of  mesitylcne  from  coal-tar  and  the  method  of 
separating  it  from  pseudocumene  v.  preceding 
paragraph.)     Liquid  boiling  at  IGl'.")  ;  sp.gr. 

0-8G9-1      (R.  Schil'f,  A.  220,  94).    Dilute  nitric 

acid  oxidises  it  to  mesity Ionic  acid 

C„H,,(CH,),.COJI 
and  uvitic  acid  C  J-I,(CH,,)"(CO",H), ;  with  potas- 
sium pnrman'^anato  it  yields  uvitic  acid  and 
triniosic  acid CJi,(C0,I-I)3(l,  3,  5).       F.  R.  J. 

CUMIDINE  C„H„N.  Of  the  eleven  isomeric 
cuinidiucs  which  have  hitherto  been  obtained, 
Ijseudo-  or  >|'-cumidine  and  mesidine  are  perhaps 
the  most  important.  Those  bases  are  derivatives 
of  pseudocumene  and  mesitylcne  respectively, 
the  first  of  which  is  theoretically  capable  of 
yielding  three  isomeric  i(i-cumidiucs,  and  the 
latter  one  cumidinc  only. 

Psendocumidine,  <\i-cumi(linc, 
(Ciy,C,H,,.NII,[CIL,:CH,:CH.,:NH,,  =  l:3:4:G], 
can  be  obtained  by  nitrating  pseudocumene  with 
fuming  nitric  acid  in  the  cold,  and  reducing  the 
nitro-  compound  (ni.p.  =  71°)  with  tin  and  hydro- 
chloric aciil  (Schaper,  Z.  [2]  3,  12).  The  base  is 
prepared  technically  by  digesting  xylidine  hydro- 
chloride with  methyl  alcohol  in  an  autoclave  at 
280°-300°,  converting  the  crude  product  into  tlie 
nitrate,  separating  the  sparingly  soluble  nitrates 
by  means  of  a  centrifugal  machine,  washing  the 
product  with  water  and  finally  treating  with  an 
alkali.  The  mixture  of  bases  consisting  of 
cumidincs  and  xylidines  is  then  fractionated  and 
the  portion  distilling  between  225-245°  is  allowed 


to  crystallise,  and  finally  freed  from  non-crrsfal- 
lisable  bases  by  pressure  (.\ktiengesellschaft  fiir 
Anilinfabrikation,  German  Patent  22,205).  The 
cuniidine  so  obtained  contains  uiesidiue  and 
other  imi)uritics  (Hofmann,  B.  17,  1912;  Engel, 
B.  18,  2229)  but  consists  chieliy  of  Schaper's 
psendocumidine  (cf.  Hofmann,  B.  15,  2895)  which 
can  be  prepared  in  the  pure  state  by  digesting 
o-ortho.\ylidiue  [XIl^:CHj:CHj  =  1:3:4]  or  para- 
xylidine  with  methyl  alcohol  under  similar  con- 
ditions (Nolting  and  Forel,  B.  18,  2080). 

Properties. —  Pseudocuniidine  crystallises  in 
large,  lustrous  prisms,  melts  at  G3°  (Hofmann), 
at  08°  (Auwers,  B.  18,  2GG1)  and  boils  at  234°. 
It  is  insoluble  in  water  but  readily  soluble  in 
alcohol.  The  nitrate  is  characterised  by  being 
very  sparingly  soluble  in  water.  Its  acetyl- 
derivative  crystallises  in  compact  white  needles, 
melts  at  1GI°  (Edler,  B.  18,  029;  Nolting  and 
Buumann)  at  164°  (.Vuwers)  and  boils  above 
300°.  Pseudocumidine  is  used  as  a  source  of 
azo-  dyes  (German  Patents  3,229  (1878),  22,205 
(1882)). 

)j,-cumidine  [CH,:CH,:CH,:NH,=  1:3:4:5]  has 
been  prepared  bv  Edler  (I.e.).    It  melts  at  30°. 

i/^-cumidlne  [CH,:CH,:CH,:XH,  =  1:3:4:2]  is 
obtained  by  digesting  ^-orthoxvlidine  hydro- 
chloride [N"H,:CH3:CH3  =  1:2:3]  with  methyl  al- 
cohol in  an  autoclave  at  300°  (Nolting  and 
Forel ;  cf.  Mayer,  B.  20,  972).  It  boils  at  240° 
(Nolting  and  Forel),  23G°  and  does  not  solidify  at 
—  15°  (Mayer).  Its  acetyl- derivative  melts  at  18(i"\ 

Mesidine  [CH,:NH,:CH,:CHj  - 1:2:3:5]  is  ob- 
tained by  treating  mesitylcne  with  nitric  acid 
(sp.gr.  =  1-38)  and  reducing  the  nitro-  derivative 
with  tin  and  hydrochloric  acid  (Fittigand  Storer, 
A.  147,  3).  It  can  also  be  prepared  by  digest- 
ing a-metaxylidine  [NH,:CH,:CHj=  1:2:4]  (Hof- 
mann, B.  5,  715;  8,  01)  or  j8-metaxylidine 
[NH_,:CH,:CHj=  1:2:0]  hydrochloride  (Nolting 
and  Forel)  with  methyl  alcohol  at  300°. 

P;o/)t')7u's.  — Mesidine  is  a  colourless  liquid, 
which  boils  at  230  and  has  a  sp.gr.  =  0-9(>33. 
The  acetyl-  derivative  melts  at  210-'  and  crystal- 
lises in  prisms. 

Isocumidine,  prepared  bv  digesting  T'-meta- 
xylidine  [NH,:Cir,:CH,  =  1:3:5]  hydrochloride 
with  methyl  alcohol,  at  300°  (Nolting  and  Forel), 
melts  at  ()7-()S  ,  boils  at  245°,  and  yields  an 
acetyl-  derivative  melting  at  103-104°. 

Paramidopropylbenzene,  formed  by  heating 
aniline,  propyl  alcohol,  and  zinc  chloride  at  280° 
for  8  hours  (Louis,  B.  10,  105  ;  Francksen,  B. 
17,  1221),  boils  at  224-220°.  The  acetyl-  deriva- 
tive melts  at  87°. 

Paraminoisopropylbenzene  (Louis,  B.  IG, 
111;  if.  Nicliolson.  A.  O.".,  58)  boils  at  210-218'\ 

Ethylorlhoioluidine,  prepared  by  treating 
orlhotoluidine.  ethvl  alcohol,  and  zinc  chloride 
at  270'  (Benz,  B.  i5,  1050),  boils  at  229-230°. 
The  acetyl-  derivative  melts  at  105  105-5^  and 
boils  at  313-315°. 

Bases  isomeric  with  these  have  also  been  de- 
scribed by  Tafel  (B.  19,  19.iO),  Filcti  (G. 
13,  379),  and  Kugel  (B.  18,  2229). 

CUMIDINE  PONCEAU.  Cumidinc  red  v. 
Azo-  rm.orr.iNc;  MALmriS. 

CUMIDINE  RED  v.  Azo-  colodrino  iutters. 

CUMIN,  OIL  OF,  V.  Oils,  essenti.vl. 

CUMOLS  V.  CrMKNES. 

CUPRITE.    Copper  suboxide  v.  Coppeb. 


CURAKINE. 
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•     CTJPROPLUMBTTE  v.  Lead. 

CURAEA.  Curare,  Urari,  Wotirari,  WouraJi, 
Wourara.  Curara  is  the  arrow  poison  of  those 
tribes  of  South  American  Indians  which  inhabit 
the  districts  lying  between  the  Amazon  and  tlie 
Orinoco.  It  was  first  brought  to  Europe  by  Sir 
Walter  Ealeigh  in  1695,  and  from  that  time  to 
this  its  origin  and  preparation  have  been  much 
discussed  by  travellers  and  botanists.  A  sum- 
mary of  the  earlier  observations  of  La  Con- 
damine,  A.  v.  Humboldt  and  Bonpland,  Watertou, 
Schomburglv,  Castelnau,  Weddell, Thirion,  Jobert, 
Crevaux,  and  others  is  given  in  a  recent  exami- 
nation of  the  subject  by  Plauchon  (Ph.  [3J  11, 
i09,  401,  .529,  589,  693,  a.  751).  It  is  shown  that 
curara  is  an  aqueous  extract  of  a  mixture  of 
many  plants,  one  of  which  is  always  a  species  of 
Stri/cJuios,  and  gives  to  it  the  chief  toxic  power, 
■while  the  remainder  contribute  those  other 
qualities  which  render  the  extract  suitable  for 
the  tipping  of  arrow-heads.  The  method  of  pre- 
paration adopted  by  one  tribe  of  Indians  is  de- 
scribed by  Schomburgk  (Ph.  [3]  10,  tlG).  The 
product  differs  somewhat  witli  the  locality  in 
which  it  is  prepared.  Planclion  distinguishes 
four  varieties  :  the  curara  of  the  Orinoco,  of  tlie 
Upper  Amazon,  of  French  Guiana,  and  of  British 
Guiana.  Tlie  chief  active  ingredient  in  the  pre- 
paration of  the  first  is  a  Slrychnos  plant,  closely 
allied  to  Bentham's  S.  torifcra  (J.  Ph.  18.S2, 
(5)  5,  20),  of  the  second,  S.  Castrhumua 
(Weddell),  of  the  third,  S.  Crcvair.rii  (Plauchon), 
and  of  the  fourth,  S.  toxifcra  (Benth.). 

As  seen  in  Euro^je,  curara  is  a  brown  to  black, 
nearly  solid,  or  even  brittle,  extract.  It  has  a 
bitter  taste,  and  in  its  poisonous  action  it  is 
related,  though  opposed,  to  strychnine.  In 
medicine  it  has  been  employed  in  the  treat- 
ment of  tetanus,  epilepsy,  and  hydrophobia.  It 
is  best  administered  hypodermically  in  the  form 
of  aipieous  solution  (<?/.  Moss,  Ph.  [3]  8,  421). 
The  active  part  of  curara  is  soluble  in  cold  water, 
and  constitutes  three-fourths  of  the  whole.  This 
portion  is  nearly  insoluble  in  alcohol,  and  quite 
insoluble  in  ether  (Sachs,  A.  191,  25.1). 

A  more  or  less  definite  and  active  alkaloidal 
product  of  curara  under  the  name  curarine  was 
described  by  Ptoulin  and  Boussingault  (A.  Ch.  [2] 
39,  24),  A.  V.  Hmnboldt  (A.  Ch.  [2]  39,  30),  Pel- 
leticr  and  Pd;troz  (A.  Ch.  [2]  40,  213),  Pryer  (Z. 
8,  381  ;  BL  [2]  4, 238),  Dragendorff  (Z.  [2]  3,  28), 
and  Fliickiger  (N.  E.  P.  22,  (55).  Evidence  of  the 
same  constituent  in  the  root  bark  of  S.  toxifcra 
has  been  obtained  by  Villiers  (.J.  Ph.  [5]  11,  053). 
Pryer  announced  the  discovery  not  only  of  crys- 
talline salts  of  curarine,  but  of  the  base  itself 
in  a  crystalline  form,  for  which  he  proposed  a 
formula.  These  results  are,  however,  rendered 
doubtful  by  the  experiments  of  Sachs  (A.  191, 
251),  which  show  that  Pryer's  crystalline  cura- 
rine sulphate  consisted  of  calcium  phosphate, 
together  with  traces  of  carbonate  and  moclia- 
nically  adhering  curara,  to  which  last  its  slight 
physiological  activity  is  ascribed.  IMoreover, 
Pryer's  formula,  though  derived  from  an  un- 
doubted platinum  salt  of  curarine,  is  erroneous 
on  account  of  the  salt  having  suffered  decom- 
position. 

Sachs  prepared  a  number  of  salts  of  curarine 
by  precipitation  from  a  solution  of  the  acetate, 
which  solution  he  obtained  as  follows.    A  solu- 
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tion  of  potassium  mercuric  iodide  was  added  to 
a  cold  aqueous  solution  of  curara,  and  the  pre- 
cipitate which  formed  was  collected.  After 
washing,  it  was  suspended  in  water  and  treated 
with  sulphuretted  hj'drogen,  which  removes  the 
mercury,  while  the  alkaloid  goes  into  solution. 
Lead  acetate  was  then  employed  to  separate  the 
iodine,  and  finally  the  excess  of  lead  was  preci- 
pitated by  sulphuretted  hydrogen.  The  plathmiii 
salt  obtained  from  this  solution  by  the  addition 
of  platinic  chloride  and  hydrochloric  acid  is  pale 
yellow,  and  has  the  composition 

(C„H3,N.HCl),PtCl„ 

but  changes  rapidly  with  the  formation  of  a 
violet-coloured  compound  of  a  different  com]!)osi- 
tion.  The  guld  salt  also  quickly  decomposes. 
Neither  the  sulphate  nor  the  hydrochloride  are 
crystallisable.  The  most  stable  and  best-defined 
salt  is  the  2ncratc  C„H3,N.C,H,(0H)(N0,);„  from 
which  Sachs  deduces  the  formula  C|^II.,-^N  for 
the  free  base.  He  also  points  out  that  the 
alkaloid  exists  in  the  extract  combined  with 
sulphuric  acid. 

Boehm  (B.  20,  144R.)  treats  the  aqueous  so- 
lution of  curara  directly  with  platinic  chloride, 
and  by  a  series  of  operations,  in  which  the  pre- 
sence of  free  mineral  acid  is  avoided,  obtains 
the  free  base  as  an  amorphous  yellow,  or  in 
thicker  layers  orange-red,  powder.  If  an  aqueous- 
solution  of  this  powder,  which  has  a  green 
fluorescence,  be  evaporated  with  a  little  dilute 
acid,  there  result  crystals  of  a  physiologically  in- 
active compoimd  not  yet  further  examined. 

Curarine  salts,  according  to  Peliken  (A.  Ch. 
44,  507),  Pryer,  Fliickiger,  and  others,  give  a 
colour  reaction  with  potassium  dichroniate  and 
sulphuric  acid  similar  to  that  of  strychnine,  but 
more  permanent.  Their  behaviour  towards  sol- 
vents, especially  water  and  benzene,  serves  to  dis  - 
tinguish them  from  strychnine  salts  (Fliickiger). 
Sachs  obtained  a  red  and  not  a  blue  colour  by 
treating  curarine  salts  with  sulphuric  acid,  con- 
trary to  the  statements  of  Pryer  and  Fliickiger 
(c/.  S.  C.  I.  1889,  476).  For  extraction  of 
curarine  in  poisoning  cases  cf.  Koch  (C.  C.  1871, 
219)  and  Salomon  (Fr,  10,  454). 

Boehm  (B.  20,  143R.)  announces  the  discovery 
of  a  non-poisonous  alkaloid  citrine  in  curara. 
It  constitutes,  indeed,  the  chief  part  of  that 
extract,  and  being  only  sj^aringly  soluble  in 
water,  is  found  partly  in  the  aqueous  solution  to- 
gether with  the  curarine,  and  partly  in  the  residue. 
From  the  latter  it  is  extracted  by  dilute  sulphuric 
acid,  and  from  either  solution  it  is  precipitated 
by  ammonia.  The  precipitate  is  extracted  with 
ether,  the  ether  removed,  and  the  residue  ex- 
tracted with  alcohol,  and  the  alcoholic  solution 
precipitated  by  water.  Thus  obtained,  curine  is 
a  white  crystalline  or  amorphous  powder,  very 
slightly  soluble  in  cold  water,  soluble  in  alcohol 
and  chloroform,  and  less  so  in  ether.  It  melts 
at  100°,  and  in  solution  gives  a  characteristic 
voluminous  precipitate  with  metaphosphoric 
acid.  The  platinum  salt  contains  19'3  p.c.  Pt. 
It  is  noteworthy  that  while  itself  inert  a  new 
base  is  obtained  by  treating  curine  with  methyl 
iodide  that  is  exceedingly  poisonous,  acting  in  a 
manner  similar  to  curarine.  A.  S. 

CURARE  V.  CuEATtA. 

CURARINE  V.  CuKAiiA  ;  Vegeto-.vlkat,(>ii)S. 
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CURCUMKIX. 


CTTRCUMEIN  or  NEW  YELLOW  or  CITRO- 
NIN.  A  mixtuie  of  nitnxtcil  dipheuylamme 
orange  with  nitrocliphenylamine. 

CUKCUMIN  V.  TLiiiiEitic. 

CURCUMIN  S  V.  Stilbene. 

CURINE  r.  CuRUiA. 

CUSCAMINE  V.  Vegeto-alkaloids. 

CUSCONINE  v.  Vegeto-alkwjids. 

CUSPARIA  BARK.  Angostura  bark ;  Carony 
bark.  (Ecorce  d' Angmtnre,  Ft. ;  Angostura- 
Binde,  Ger.)  The  bark  of  the  Galipea  Ciisparia 
(St.  Hilaire),  a  tree  inhabiting  the  mountain 
districts  drained  by  the  Orinoco  (c/.  Bentl.  a.  T. 
43).  Confusion  has  sometimes  occurred  between 
cusparia  and  nux  vomica  bark.  The  two  barks 
may,  however,  bo  readily  distinguished  by  treat- 
ment with  a  drop  of  nitric  acid,  which  either 
deepens  the  colour  of  the  cusparia  or  gives  it  a 
bluish  shade,  while  nux  vomica,  similarly 
treated,  exhibits  a  blood-red  colour.  Several 
other  barks  have  from  time  to  time  been  substi- 
tuted for  true  angostura.  For  these,  and  the 
mode  of  detecting  them,  v.  Pereira  (Mat.  Med. 
3rd  ed.  2,  191.5) ;  Maisch  (Am.  J.  Pharm.  187-1, 
50);  Cazeneuve  (Rep.  de  Pharm.  1874,  261); 
Oberlin  a.  Schlagdenhauffen  (Pharm.  Zeit.  1878, 
853). 

Among  early  analyses  of  cusparia,  those  of 
Pfaff  and  Fischer  (Pereira)  are  the  most  impor- 
tant. These  observers  find  in  the  dried  bark 
DOp.c.  of  liguin  together  with  gum,  resins,  volatile 
oil,  and  a  peculiar  bitter  extractive.  The  bitter 
extractive,  examined  in  1833  by  Saladin  (J.  de 
Chira.  M6d.  9,  388),  was  found  to  contain  a  crys- 
talline neutral  to  which  the  name  ciisparin  or 
angosturin  was  given.  This  substance  is  said  to 
melt  at  45°,  to  be  soluble  in  alcohol,  sparingly 
soluble  in  water,  and  to  be  precipitated  by  a 
solution  of  tannic  acid.  The  existence  of  this 
compound  has  not  been  confirmed  by  subsefjuent 
investigators.  The  rolalilc  oil  of  cusparia  has 
been  studied  by  Hcrzog  (Ar.  Ph.  [2]  !);5,  146  ; 
J.  1858,  414)  and  by  Oberlin  a.  Schlagdenhauffen 
(J.  Ph.  [4]  26,  130).  The  bark  yields  0-2  p.c.  of 
oil.  It  boils  at  266-267°,  has  a  sp.gr.  0-934,  and 
has  a  dextrorotatory  power  of  -f  5-4°.  Its  com- 
position is  CijH^iO,  and  it  is  probably  a  mixture 
of  a  hydrocarbon  and  an  oxygenated  oil.  An 
alkaloid,  aiuiosturinc,  C|„H,„NO,|,  ditTering  from 
the  cuspariu  of  Saladin,  was  isolated  by  Oberlin 
and  SchlagdcnhaulTen  (J.  Ph.  [4]  28,  263).  It 
melts  at  85°,  is  crystalline  and  bitter.  It  gives 
with  sulphuric  acid  a  red,  and  w'ith  sulphuric 
and  nitric  acids  a  green  colour.  Another  cus- 
■jmrina  was  found  in  the  bavk  by  Kiirner  and 
Bohriuger  (G.  13,  363),  who  announce  the  dis- 
covei'y  of  several  new  basic  and  acid  constituents. 
The  cusparine  of  tliese  chemists  has  the  com- 
position C|„U|,.N03.  It  is  crystalline,  and  melts 
at  92°.  It  is  sparingly  soluble  in  etlier,  but 
soluble  in  alcohol.  The  sulphate,  oxalate,  and 
hydroclilorate  are  only  sparingly  soluble  in  water. 
The  platinum  salt  consists  of  orange-yellow 
crystals.  Treated  with  potassium  hydroxide, 
cusparino  breaks  up  into  a  new  crystalline 
alkaloid  and  an  aromatic  crystalline  acid.  The 
mother-liquors  from  which  cusparine  is  obtained 
contain  another  alkaloid,  gallipcinc  C.,„H..,NO,. 
It  consists  of  white  needle's,  melting  a"t  115-6°. 
The  salts  are  more  soluble  than  the  correspond 
iug  sails  of  cnspariuc.    The  sulphate  contains 


'  711,0.  It  melts  at  50°,  and  at  100°  breaks 
up  into  the  sulphate  of  a  ncv:  alkaloid  and  a 
crystalline  compound,  containing  nitrogen,  and 
melting  at  19G°.  The  platinum  salt  of  gallipeine 
tryjtallises  in  prisms.  A  third  base,  melting 
at  180°,  was  also  obtaiue*!.  It  is  sparingly 
soluble  in  ether,  but  may  be  crystallise<l  from 
alcohol.  Its  salts,  when  in  solution,  exhibit 
a  blue  fluorescence. 

Cusparia  is  employed  in  medicine  as  a 
tonic  in  such  derangements  of  the  alimentary 
canal  as  dyspepsia,  diarrhuja,  and  dysenterv. 

A."  S. 

CUTCH.    Terra  jajwiica  v.  CATECur. 
CYANIDES.    Compounds  of  tlie  radical  NC 
or  '  Cy.'     For  the  production   of  combined 
cyanogen  the  following  reactions,  among  others, 
are  available  : — 
j       (1.)  A  mixture  of  acetylene  and  nitrogen,  in 
!  contact  with  an  alkali,  is  exposed  to  the  action 
!  of  a  spark-cuiTent.    CJl, N,  =  2NCH  (Hcrlhc- 
lot).    Ammonia  is  passed  over  red-hot  charcoal 
j  2NK,  -I-  C  =  NCH.NH,  +  U,  (Langlois). 

(2a.)  In  the  presence  of  iwtassiuni  carbonate, 
potassium  cyanide  is  producetl  (Scheele). 

(3.)  Dry  nitrogen  is  passed  over  a  mixture  of 
charcoal  and  alkali,  or  barium  carbonate,  at  a 
red  heat.  The  basylous  metal  unites  with  nitro- 
t  gen  and  carbon  into  cyanide.  Barium  carbo- 
nate works  best,  although  it  is  not  reducible  to 
metal  by  charcoal  aloniB  (Dcsfosses,  Fownes, 
Bunsen,  and  Playfair). 

(4.)  Metallic  potassium  is  heated  with  charcoal 
containing  nitrogen — i.e.  nitrogenous  animal- 
matter,  or  the  char  derived  from  such  matter,  is 
fused  with  potassium  carbonate ;  potassium 
cyanide  is  produced.  This  is  the  only  reaction 
which  is  used  at  all  extensively  in  chemical 
industry.  For  its  rationale  v.  Prtissiatc  of 
potash. 

(5.)  Carbon  bisulphide  and  ammonia  are 
made  to  act  upon  one  another  in  dilute  alcoholic 
solution.  Ammonium  thiocyanate  is  produced 
(Millon).  The  presence  of  alcohol  is  not  abso- 
lutely essential. 

Probably  in  the  first  instance, 

CS,  +  H,0  -f  2NH,  =  CS<Q^,y' ;  then 
CS<|^g'  =  NCS.NH,  f  H.O  +  H,S, 

the  HjS  uniting  with  the  surplus  ammonia. 

Of  technically  available  sources  of  ready- 
made  cyanogen,  we  may  mention 

(1.)  The  tar-watcr  produced  in  the  making  of 
gas  from  coal,  which  contains  ammonium 
cyanide  and  thiocyanate,  and  the  crude  gas, 
which  contains  ammonium  cyanide. 

(2.)  The  volatile  products  formed  in  iron- 
smelting,  which,  as  Bunsen  and  Playfair  showed, 
include  a  very  noteworthy  proportion  of  potas- 
sium eyanido. 

Of  the  large  number  of  cyanides,  the  one 
known  as  yellow  prussiatc  of  potash  is  the  most 
important  for  us  here,  because  it  serves  as  a 
starting-point  for  the  preparation  of  the  rest. 

Yellow  Prussiate  of  Potash.  (Ger.  Blutlau- 
gcnsah.)  Polaxfiium fcrroc!/anidcCy,.Fe.Ky'iIl..O. 

Histonj. — The  pigment  called  rmssian  blue 
was  discovered  accidentally  by  a  colour-maker, 
Diesbach  of  Berlin,  about  the  beginning  of  last 
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century.  The  chemist  Dii^pel  found  out  a 
method  for  its  production,  which  is  to  fuse 
blood-solids  with  carbonate  of  potash  in  an 
iron  vessel,  to  lisivate  the  fused  mass  with  hot 
water,  to  add  ferrous  (and  ferric)  salt  to  the 
solution,  and  to  acidify  with  mineral  acid.  The 
blue  separates  out  as  a  precipitate.  It  was 
found  subsequently  that  any  kind  of  nitrogenous 
animal  matter,  if  taken  conjointly  with  finely 
divided  iron,  acts  like  blood-solids.  Scheele 
made  the  important  discovery  that  Prussian 
blue,  if  boiled  with  caustic  potash  ley,  yields  a 
Ijrecipitate  of  ferric  hydrate  and  a  solution  of 
the  potash  salt  of  the  acid  of  which  the  blue 
substance  is  the  ferric  salt.  This  potash  salt, 
which  forms  the  essential  component  of  £'Zi(<Za;/(7i', 
Scheele  found,  can  be  precipitated  from  its 
aqueous  solution  by  means  of  alcohol.  The 
salt  became  known  as  BhUlaugcnsalz,  which 
name  has  currency  in  Germany  to  the  present 
day.  (For  further  historical  information,  v. 
Bibliography,  1.) 

For  the  manufacture  of  yellow  prussiate,  we, 
of  course,  need  not  produce  Prussian  blue  and 
decompose  it,  as  Scheele  did ;  it  suffices  to 
evaporate  blood-Icy  to  crystallisation,  to  collect 
the  crystals  formed,  and  to  purify  them  by 
re-crystallisation.  This  method,  indeed,  is  used 
almost  exclusively  at  the  present  day.  None  of 
the  numerous  other  processes  which  have  been 
proposed  in  the  course  of  time  has  been  found 
to  be  commercially  successful. 

Manufacture  of  Prussiate  of  Potash. — The 
raw  materials  used  are  :  — 

(1.)  Carbonate  of  potash  as  extracted  from 
wood-ashes,  or  made  by  the  Leblanc  process 
from  native  chloride. 

(2.)  Iron  lilings  or  borings. 

(.3.)  Some  kind  of  nitrogenous  animal  matter, 
or  the  char  produced  from  such  matter  by  dry 
distillation.  The  following  list  gives  the  names 
of  the  most  frequently  used  materials,  and 
their  average  percentages  of  nitrogen,  according 
to  Ivarmrodt  (Bibliography,  4) : — 

rei'centaGr*^  of  int-rof^oii. 


Horn   15  to  17 

Charred  horn  (50  p.c.)'        .       .  7 

,,         (;-)0  p.c.)         .       .     4  to  5 

,,         which    has  gone 

through  the  fusion  process  once  0-5  to  0-75 

Ox-blood  dried     .       .       .       .  15  to  17 

Woollen  rags,  good  quality  (up  to)  16 

,,         bad  quality  (about)  10 

,,         good  quality  (75  p.c. 

char)   12-5 

Woollen  rags,  good  quality  (25  p.c. 

char)  1-5  to  2 

Sheep's  wool,  waste    .       .       .  Ki  to  17 

Hair  of  oxen,  cows,  and  calves    .  15  to  17 

Pig's  bristles       .       .       .       ,  9  to  10 

Feathers   17 

Old  shoes   G  to  7 

Leather  cuttings,  from  tanners    .  4  5  to  5 

Bone  charcoal     ....  1 


Bone  charcoal,  however,  is  practically  out  of 
the  question,  nobody  would  care  to  use  it.  On  the 
other  hand,  '  suint '   (that  complex  of  things 

'  The  re^iiliie  left  if  born  be  cb.irred  uutil  it  is  reduced 
to  50  p.c.  of  its  original  weight. 


mostly  soluble  in  water,  which,  when  wool  ig 
being  washed  with  water,  passes  away  from  it) 
might  be  added  to  our  list,  although  it  is  of 
importance  rather  as  a  source  of  carbonate  of 
potash  than  as  one  of  organic  nitrogen.  Suint, 
if  weighed  dry,  amounts  to  about  one-third  of 
the  weight  of  the  wool.  According  to  Miirker 
and  E.  Schulze  (Bib.  6)  it  contains  38  to  41  p.c. 
of  inorganic  matter  (carbonic  acid  deducted), 
and  68  to  CO-5  of  organic  matter,  including  1-9 
to  3-4  of  nitrogen,  of  which  latter  0-OG  to  0-48 
are  present  as  ammonia.  The  analyses  of  the 
ashes  of  two  different  samples  gave :  Potash, 
K.O,  59,  and  G3-5  p.c. ;  soda,  Na.O,  2-8,  and  a 
mere  trace  ;  carbonic  acid,  25-8  and  25-4 ;  mean 
25  G,  corresponding  to  80-3  of  carbonate,  KXO^. 

_  P.  Havrez,  in  1870  (Bib.  7),  recommended 
suint  for  making  prussiate  of  potash.  In  the 
works  of  Peltzer  at  Vervicrs  it  was  used  ex- 
perimentally in  conjunction  with  wool-refuse. 
The  liquor  obtained  by  lixiviatiou  of  the  melt 
contained,  for  every  100  parts  of  carbonate  of 
p'otash  (originally  employed  in  the  shape  of 
suint?),  17'3  of  potassium  cyanide,  equal  to  19 
of  pirussiate.  From  the  raw  wool  imported  into 
Great  Britain  from  Australia  alone  an  immense 
quantity  of  potash  might  be  recovered  as  prus- 
siate or  in  other  forms,  but  it  is  questionable 
whether  this  would  pay,  because  potash  now-a- 
days  is  so  very  cheap.  At  present  suint  is  used 
very  largely  (perhaps  chiefly?)  for  the  making  of 
lanoliitc. 

The  fusion  process,  in  former  times,  used  to 
be  carried  out  in  pear-shaped  cast-iron  muitles, 
suspended  over  a  tire,  as  shown  in  tig.  1.  Suit- 


 ^ 

Fiii.  1. 


able  dimensions  are :  Length,  1-2  metres ; 
breadth,  O'B  m. ;  strength  of  body,  12  to  15 
centimetres.  In  most  works,  however,  these 
vessels  have  been  replaced  by  shallow  iron 
dishes,  1  to  1-8  metres  in  diameter,  10  centi- 
metres deep,  and  10  centimetres  strength  of 
body,  which  form  the  soles  of  reverberatory 
furnaces  (fig.  2).  A  door  at  the  side  of  the 
fiu'nace,  which  is  opened  only  when  necessary, 
enables  the  pan  to  be  charged,  and  the  fused 
mass  to  be  ladled  out,  at  the  end  of  the  opera- 
tion. 

In  the  customary  practice  the  carbonate  of 
potash  and  the  iron  are  introduced  first ;  when 
complete  fusion  has  been  established,  the  animal 
matter,  which  must  be  as  free  from  water  as 
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possible,  is  introduced  in  instalments,  with  con- 
stant at^itation.  With  wool,  horn,  and  similar 
materials  equal  weights  of  animal  matter  and 
alkaline  carbonate  are  usually  eniploj'ed ;  but 
the  proportions  vary  very  much,  even  for  the 
same  kind  of  animal  matter,  from  one  worker  to 


Fio.  2. 

another.  When  all  the  animal  matter  is  in- 
corporated, the  heat  is  raised,  the  furnace  closed, 
and,  finally,  the  thinly-tluid  mass  is  ladled  out 
into  iron  basins,  where  it  solidifies  into  a  hard 
black  mass,  known  as  metal.  A  fusion,  as  a 
rule,  takes  about  three  hours.  The  fiirnace- 
gases  are  utilised  for  heating  the  lixiviation  and 
the  evaporation  pans. 

In  the  open-pan  system  care  should  be  taken 
that  the  fiame  is  of  a  reducing  character,  be- 
cause fused  cyanide  takes  up  oxygen  and  be- 
comes cyanate ;  but  the  large  volumes  of  com- 
bustible gases  evolved  during  the  process  aid  in 
protecting  the  melted  mass  against  furnace 
gases  and  atmospheric  oxygen. 

The  lixiviation  of  the  metal  is  effected  in 
flat  iron  pans  at  a  temperature  near  the  boiling- 
jioint  of  water.  It  lasts  about  nine  hours.  The 
insoluble  black  residue  is  washed  systematically, 
and  the  wash-waters  are  used  for  subsequent 
extractions. 

The  solution,  in  addition  to  prussiate,  con- 
tains large  quantities  of  potassium  carbonate 
and  sulphide,  and  also  more  or  less  of  potassium 
thiocyanate.  It  is  evaporated  to  32"^  Beaimie 
=  1-279  sp.gr.,  and  allowed  to  cool,  when  a  very 
impure  prussiate  crystallises  out.  The  mother- 
liquor  is  evaporated  further  (to  32  15.)  and  a 
second  crop  of  still  more  impure  prussiate 
obtained.  The  last  mother-liquor  is  evaporated 
to  dryness  and  the  residue  calcined,  to  produce 
a  very  impure  carbonate  of  potash  known  as 
blue  salt,  which  is  utilised  in  subsequent  fusions. 
The  impure  prussiate  is  dissolved  in  hot  water, 
and  the  hot-saturated  solution  is  allowed  to  cool 
very  slowly  in  iron  tanks,  within  which  strings 
are  suspended  or  stretched  out  to  encourage 
crystallisation.  A  small  proportion  of  red 
prussiate  is  sometimes  added,  to  impart  to  the 
crystals  a  darker  shade  than  their  natural 
colour,  in  order  to  please  customers. 

The  commercial  salt  is,  as  a  rule,  contami- 
nated with  potassium  sulphate,  wliich  is  not 
easily  removed  by  re-crystallisation.  As  this 
impurity  does  not  interfere  with  any  of  the 
industrial  applications  of  the  salt,  the  manu- 
facturer makes  no  great  effort  to  remove  it.  A 


laboratory  method  is,  to  add  to  the  solution  as 
nearly  as  possible  the  right  amount  of  barium 
acetate,  to  remove  the  barium  sulphate  by  filtra- 
tion, and,  from  the  concentrated  filtrate  to 
precipitate  the  prussiate  by  addition  of  alcohol. 

Pure  iirussiate  of  potash  crystallises  from  its 
aqueous  solution  in,  as  a  rule  truncated,  quadra- 
tic octahedra  ;  the  crj-stals  are  very  soft  and  of 
a  lemon-yellow  colour.  Their  sj)  gr.  is  1-83. 
The  erj-stals  are  stable  in  air  at  the  ordinary 
temperature  ;  at  00°  the  water  begins  to  go  off, 
but  complete  dehydration  demands  long  con- 
tinued exposure  to  100°,  or  to  higher  tempera- 
tures. The  salt  stands  considerably  higher 
temperatures  without  decomposition.  It  dis- 
solves in  4  parts  of  cold  and  in  2  parts  of  boiling 
water.  The  light-yellow  solution,  when  exposed 
to  the  light,  is  slowly  decomposed,  with  forma- 
tion of  a  blue  precipitate  of  a  cyanide  of  iron. 
If  the  solution  is  boiled  in  the  presence  of  air 
(is  the  presence  of  air  essential'?),  it  gives  off 
ammonia  very  slowly,  and  becomes  alkaline. 
Though  a  cyanide,  prussiate  of  potash  is  not 
poisonous. 

The  theory  of  the  pi-tissiate.  process  was 
elaborated  by  Liebig  (Bib.  2),  partly  on  the 
basis  of  experiments,  to  which  Iteinhold  Hoff- 
mann subsequently  furnished  a  valuable  supple- 
ment (Bib.  5).  The  animal  matter,  if  heated  by 
itself,  would  yield  a  residue  of  nitrogenous  char- 
coal, a  cyanide  of  carbon  as  one  might  call  it. 
But  potassium  carbonate,  together  with  carbon, 
at  a  red  heat,  represents  so  much  potassium ; 
this  potassium  unites  with  the  quasi  cyanogen 
of  the  charcoal  into  cyanide  of  potassium.  The 
volatile  part  of  the  organic  nitrogen  may  furnish 
some  cyanogen,  and  probably  does  so,  but  in  the 
ordinary  mode  of  working  most  of  it  goes  into 
the  chimney  as  ammonia  and  nitrogen.  But 
the  animal  matter  invariably  contains  combined 
sulphur,  and  the  pearl-ash,  as  a  rule,  is  con- 
taminated with  potassium  sulphate,  and  this 
salt,  when  heated  with  charcoal,  yields  potas- 
sium bisulphide,  thus : 

2K,S0^  +  t;C  =  K,S,  +  K,CO,  +  SCO  .  .  ( 1.) 
which,  by  the  action  of  the  potassium  cyanide, 
is  reduced  to  mono-sulphide,  K_,S  ;  hence 
there  are  two  reasons  why  the  potassium 
cyanide  should,  in  part,  pass  into  thiocyanate. 
This  salt,  indeed,  is  always  present  in  the  leys 
derived  from  the  metal.  It  has  been  asserted 
by  many  chemists  that  the  metallic  iron  added 
in  the  fusion-process  reduces  the  thiocyanate! 
to  cyanide.  Nollner especially  asserted  that  this 
was  so  (Bib.  S),  but  Reinhold  Hoffmann  denied 
it  in  this  sense  at  least  that  under  manufacturing 
conditions  the  reduction  fails  to  take  place  (Bil). 
5) ;  and  ail  subsequent  experience  substantially 
confirms  Hoffmann's  view.' 

In  regard  to  the  part  played  by  the  thiocyan- 
ate in  the  fusion  process,  It.  Hoffmaim  records 
some  curious  observations.  As  found  by  him, 
potassium  cyanide  and  potassium  sulphate,  it 
fused  together,  yield  thiocyanate  and  cyanate, 
presumably  thus  : 

4KNC-^k,SO,  =  (NC)SK  +  3NCOK-^K  0  .  (11.) 
Now  potassium  thiocyanate,  if  fused  with  a  large 
excess  of  carbonate,  is  destroyed,  perhaps  tlius  : 
2NCSK-f  K,C03  =  2NCOK-l-K,S,-l-CO  .  (111.) 

'  Liiib'.e,  iu  a  sense,  to  a  qualification  ;  see  p.  G33,  Ist 
coluuni. 
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but,  if  the  mass  is  again  fused  with  charcoal, 
thiocyanate  is  re-generated,  perhaps  thus  : 
2NC0K  +  K.,S,.  (from  above)  +0 

=  2NCSK  +  K,0  +  C0  .  .  .  (IV.) 
and,  as  charcoal  is  always  present,  thiocyanate 
once  produced  is  not  destroyed  by  the  carbonate. 
Bat  the  formation  of  thiocyanate  from  the  sul- 
phate of  pearl-ash  can  be  prevented  by  fusing 
the  alkali  with  iron  and  ordinary  (wood)  char- 
coal before  adding  the  animal  matter.  By  doing 
this  we,  in  the  tir'st  instance,  realise  eq.  I. ;  but 
the  bisulphide  and  the  carbonate  then  act  upon 
each  other  in  the  presence  of  charcoal  thus  : 

K,S ,  +  K,C03  -(-20  =  2ICS  +  SCO  .  .  (V.) 
Part  of  the  potassium  bisulphide  produced  (eq. 
I.),  however,  is  decomposed  by  the  iron  with 
formation  of  a  double  sulphide  of  iron  and 
potassium,  possessing  curious  properties.  It 
dissolves  in  hot  water  with  formation  of  a  dark- 
green  solution ;  on  standing  in  the  cold  the 
green  solution  assumes  the  form  of  a  magma, 
the  mother-liquor  being  almost  pure  water. 

On  re-heating  everything  passes  into  solu- 
tion and  the  original  green  liquid  is  re-produced. 
On  addition  to  it  of  a  concentrated  solution  of 
carbonate  of  potash,  the  double  sulphide  is 
precipitated  as  such.  Potassium  cyanide  solu- 
tion does  not  act  upon  the  solid  double  sulphide 
at  all  readily  in  the  cold ;  but,  if  solutions  of  the 
two  are  mixed  and  heated,  prussiate  of  potash 
is  i^roduccd  thus  : 

ONCK  +  FeS  +  .tK.,S 
=  (NC)„FeK,-H  (.r +  1)K,S   .    .  (VI.) 
According  to  Hoffmann  it  is  this  reaction  which, 
in  the  process  of  lisiviation,  converts  the  cyanide 
of  the  fused  mass  into  prussiate. 

Liebig  (Bib.  2)  gives  it  as  a  result  of  experi- 
ment that  metallic  iron  is  dissolved  by  hot  solu- 
tion of  potassium  cyanide  with  evolution  of 
hydrogen  and  formation  of  prussiate,  and  caustic 
potash ;  in  the  cold,  if  air  be  present,  the  potas- 
sium is  eliminated  likewise,  but  converted  into 
potash  by  the  action  of  atmospheric  oxygen, 
without  evolution  of  hydrogen.' 

K.  Hoffmann  says  of  his  double  sulphide 
that  it  is  decomposed  by  acids  without  elimina- 
tion of  sulphur  and  consequently  must  have  had 
the  composition  FeS  t  xK^.S.  It  has,  however, 
been  since  shown  by  G.  Preiss  (Bib.  9)  that,  by 
the  fusion  at  high  temperatures  of  finely  divided 
iron  (1  part),  carbonate  of  potash  (5  parts),  and 
sulphur  (.5  parts),  a  crystalline  double  sulphide 
of  the  composition  Fe^S  j.ICS  can  be  produced ; 
and  supposing  this  sulphide  to  be  produced  in 
the  prussiate  process,  the  surplus  sulphur  in  the 
Fe.^S3,  in  the  subsequent  process  of  lixiviation, 
may  give  rise  to  the  formation  of  thiocyanate  at 
this  stage.  According  to  Preiss  his  (ferric) 
double  sulphide  is  produced  in  the  prussiate- 
fusion-process,  if  the  temperature  is  sufficiently 
high  ;  the  leys  are  then  clear-yellow,  and  yield 
relatively  much  crystallised  prussiate ;  if  the 
temperature  is  relatively  low,  a  potassio-/crro!(S 
sulphide  is  produced,  which  is  soluble  in  water 
with  a  green  colour ;  it  causes  the  fornuition  of 

'  I  have  trk'tT  to  realise  the  fii'st  of  Liebig's  reactions 
as  a  lecture  experimeut,  but  failed  to  observe  a  visib.e 
evolution  of  liyilrogen,  and  even  to  obtain  prussiate; 
ordinary  sulphide  of  iron,  as  used  for  the  prcp.aratiou  of 
sulphuretted  hydrogen,  also  yielded  no  prussiate  in  my 
hands. 


green  leys  yielding  relatively  little  prussiate. 
Preiss  offers  no  exiDerimental  evidence  to  dis- 
prove Hoffmann's  theory.  We  are  inclined  to 
think  that  Preiss's  ferric  double  sulphide  is  pro- 
duced in  the  prussiate  fusion  process  (beside 
Hoffmann's),  and,  besides  contributing  towards 
the  conversion  of  cyanide  into  prussiate,  yields 
thiocyanate  in  the  lixiviation  stage.  At  any  rate 
thiocyanate  is  produced  invariably,  and  this  in 
considerable  quantity.  E.  Hoffmann  reports  on  a 
long  series  of  experimental  fusions,  made  with  a 
variety  of  animal  matters,  and  sulphate-free 
pearl- ash  or  such  ash  and  blue  salt  derived  from 
such  ash,  on  a  manufacturing  scale,  and  con- 
trolled by  quantitative  determinations.  In  the 
nine  cases  which  he  reports  on,  the  ratios  of 
cyanide  of  jjotassium  present  as  prussiate  to 
cyanide  of  potassium  present  as  thiocyanate 
were,  severally:  11-3;  li-G;  5;  7-4;  10-5;  13; 
18  ;  6-7  ;  17-7  to  one. 

In  connection  with  the  conversion  of  the 
cyanide  into  pi'ussiate,  we  may  refer  to  a  pro- 
posal of  Habich's  (Bib.  10),  which  is,  to  effect  it 
by  added  powdered  iron-spar,  FeCO^.  If  the  ore 
is  contaminated  with  lime  or  magnesia,  he  pro- 
poses to  remove  these  by  digestion  with  ferric 
chloride  solution.  Carbonate  of  iron,  Habicli 
says,  acts  more  readily  and  exhaustively  on 
the  cyanide  solution  than  any  other  kind  of 
ferrous  compound,  and  besides  eliminates  the 
the  potassium  in  the  convenient  form  of  car- 
bonate. 

Of  the  very  large  excess  of  potash  used  in 
every  individual  fusion,  a  considerable  portion 
comes  back  to  the  manufacturer  in  the  form  of 
blue  salt.  Karmrodt  (Bib.  4),  in  a  valuable 
memoir  on  the  prussiate  process,  gives  the  re- 
sults of  a  complete  analysis  of  a  blue  salt  de- 
rived from  six  weeks'  working.  He  found  in  100 
parts : — 

Potassium  carbonate,  KXO,  .  .52-75 
Potassium  silicate,  SiO._,.2KX5  .  10-57 
Potassium  sulphide,  ICS  .  C-IS 
Potassium  oxide,  K,^0  .  .  7-22 
Potassium  prussiate,  /     „  o> 

(NC),Fe.K,-f-3H,0  .  .\ 
Potassium  chloride  .  .  .  1-15 
Potassium  pihosphate,  K^PO,  .  2-04 
Potassium  sulphate  .  .  4-34 
Potassium  thiocyanate  .  .  a  little 
Insoluble  matter,  chieiiy  silica  S-Sft 
Organic  matter,  loss  and  errors  3-07 


100-00 

A  glance  at  this  analysis  shows  that  blue 
salt  is  practically  a  very  impure  pearl-ash ; 
but,  apart  from  this,  it  does  not  by  far  cover 
the  loss  of  alkali  involved  in  the  fusions. 
In  other  words,  the  prussiate  maker,  in  the 
course  of  a  year,  say,  has  to  buy  considerably 
more  potassium  in  the  form  of  carbonate  than 
he  sends  out  in  the  shape  of  prussiate.  The 
causes  of  this  loss  have  been  ascertained  by 
Hoffmann.  Very  little  carbonate  is  lost  by 
volatilisation.  At  the  temperature  prevailing  in 
the  fusion-jjan  potassium  chloride  volatilises 
very  freely,  but  carbonate  and  sulphate  do  not ; 
if  jjotassium  sulphate  is  found  in  the  flues,  this 
was  produced  from  what  were  originally  potas- 
sium chloride  and  ammonium  sulphate.  The 
lost  potash,  according  to  Hoffmann,  must  be 
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searched  for  in  the  black  sludges  left  after  lixi- 
viation  of  the  metal  by  water,  which  contain 
abundance  of  potassium  in  the  relatively  in- 
soluble form  of  potassio-sulphides  of  iron,  and 
as  part  of  insoluble  silicates.  Besides,  some  of 
the  recovered  soluble  potash  salt  is  silicate, 
■which,  in  the  sense  of  the  prussiate  process,  is 
not  equivalent  to  carbonate,  being,  unlike  it,  not 
reducible  to  potassium  by  the  action  of  carbon 
at  a  red  heat.  In  the  successive  recoverings  of 
blue  salt,  the  silicate,  indeed,  accumulates  to 
such  a  degree  that  the  salt  from  time  to  time 
requires  to  be  de-silicated  to  become  fit  for  use. 
If  the  black  sludge  be  allowed  to  lie  in  the  air, 
the  sulphides  of  potassium  and  iron  are  oxidised, 
the  former  to  sulphate,  which  can  be  extracted 
by  means  of  water  and  thus  recovered.  Far  more 
important,  however,  than  the  loss  of  potash  is  the 
loss  of  nitrogen  involved  in  the  process.  In  con- 
nection with  this  subject,  Karmrodt  (Bib.  4) 
records  an  interesting  series  of  experiments.  In 
each  of  the  fusions  referred  to,  the  alkali  used 
consisted  of  .500  pounds  of  pearl-ash,  or  of  100 
of  ash  and  400  of  blue  salt,  or  ol  150  of  ash  and 
350  of  blue  salt. 

1.  Average  result  of  ten  fusions,  each  made 
■with  500  pounds  of  best  woollen  rags.  Total 
nitrogen  used  =  800  lbs.  Total  prussiate  ob- 
tained =7G1  lbs.;  nitrogen  in  the  prussiate  = 
152  lbs.  Hence,  nitrogen  recovered  as  prussiate 
'=  19  p.c.  of  the  nitrogen  emjjloyed. 

2.  Set  of  ten  fusions,  each  with  500  lbs.  of 
clean  horn.    Nitrogen  recovered  =  20  p.c. 

3.  Set  of  ten  fusions,  each  with  500  lbs.  of 
cows'  hair.    Nitrogen  recovered  =  15  ]).c. 

4.  Set  of  ten  fusions,  each  with  GOO  lbs.  of 
leather  cuttings.    Nitrogen  recovered  =  32  p.c. 

5.  Set  of  ten  fusions,  each  with  400  lbs.  of 
horn-char,  containing  7  p.c.  of  nitrogen.  Nitro- 
gen recovered  =  58  p.c,  showing  that  the  charred 
material  gave  a  greater  proportion  of  its  nitro- 
gen as  prussiate  than  any  of  the  several  kinds 
of  natural  animal  matter.  The  nitrogen  re- 
covered-as  prussiate,  it  is  true,  amounts  to  only 
12-6  p.c.  of  that  contained  in  the  8,000  lbs.  of 
horn  from  which  the  4,000  lbs.  of  char  were 
derived  (the  horn  was  the  same  as  that  which 
served  for  exp.  2,  and  the  char  weighed  half  as 
much  as  the  original  horn) ;  but,  if  we  adopt  the 
rule  of  first  charring  a  substance  and  using  only 
the  cliar  for  the  fusion  process,  the  large  quan- 
tities of  nitrogen,  which  in  the  charring  escape 
as  ammonia  &c.,  need  not  be  allowed  to 
go  up  the  chimney.  For  the  utilisation  of  the 
ammonia  of  the  vapours,  Karmrodt  recommends 
to  pass  them  at  a  red  heat  over  a  reagent  which 
ho  calls  Kolilenlcali  and  wliich  he  prepares  as 
follows :  20  parts  of  carbonate  of  potash  are 
dissolved  in  10  parts  of  hot  water,  and  the  solu- 
tion is  mixed  with  the  washed  but  undriod  pre- 
cipitate produced  from  8  parts  of  ferrous  sulphate 
by  addition  of  0  parts  of  carbonate  of  potash, 
30  parts  of  charcoal  in  pieces  of  the  size  of  a 
hazel-nut  are  added  to  the  magma,  and  the 
whole  is  made  thoroughly  dry  over  a  charcoal 
fire.  Karmrodt  constructed  a  small  experimental 
furnace  which  enabled  him  to  distil  a  given 
material  and  pass  the  vapours  through  a  red-hot 
column  of  Kohlcnhali.  The  product  was  worked 
up  into  prussiate  and  the  latter  determined  (by 
direct  weighing  of  the  crystals  or  by  analytical 


determination  of  the  (NC)^Fe  in  the  solution 
produced '?).  In  a  set  of  five  experiments,  in 
each  of  which  3  lbs.  of  commercial  ammonium 
carbonate  were  used,  the  nitrogen  recovered  as 
prussiate  amounted,  on  the  as'erage,  to  35-7  p.c. 
of  the  nitrogen  present  in  the  carbonate  of  am- 
monia by  analysis.  In  each  of  another  set  of 
experiments  10  lbs.  of  Kohlcnkali  were  used  in 
conjunction  with  3  lbs.  =  96  Loth  of  horn. 
Nitrogen  used  in  all  =  46  Loth ;  nitrogen  re- 
covered as  prussiate  =21  Loth  or  45-7  p.c.  of 
the  total  nitrogen  in  the  horn  employed.  These 
results  certainly  were  encouraging,  but  we  are 
not  aware  that  Karmrodt's  process  was  ever 
used,  even  by  himself,  on  a  manufacturing  scale. 

Some  time  before  Karmrodt,  Brunnquell 
(Bib.  3),  also  a  manufacturer  of  prussiate  of 
potash,  had  published  a  critical  investigation  of 

!  the  prussiate  process.    After  having  pointed  out 

j  the  shortcomings  of  the  customary  process,  and 
especially  those  of  the  fusion-pan,  he  recom- 

;  mends,  as  a  good  modification,  to  convert  any 
unwieldy  animal  matters  into  char  before  use, 
and  then  to  use  this  char  in  conjunction  with 
richly  nitrogenous,  compact,  and  well-dried  (un- 
charred)  animal  matter.  Good  proportions  for 
the  generality  of  cases,  according  to  him,  are — 

I  200  lbs.  of  pearl-ash  (or  133  of  blue  salt  and  67 
of  fresh  carbonate),  40  of  char,  130-140  of  clean 
and  dry  uncharred  animal  matter,  IG  of  iron 

I  borings.  The  alkali  is  fused  over  a  brisk  fire, 
and  the  iron  and  the  half  of  the  char  are  next 

I  added  with  constant  stirring.  The  licating  is 
continued  until  a  peculiar  kind  of  smoke  is  seen 
to  rise  from  the  fused  mass.  The  animal  matter 
is  now  added,  and,  lastly,  the  second  half  of  the 
char.  In  the  ordinary  process  the  greater  part 
of  the  nitrogen  of  the  animal  matter  goes  away 
as  ammonia.  Brunnquell  proposes  to  save  part 
of  it  as  cyanide  by  a  modified  construction  of 
the  fusion  apparatus.  Instead  of  the  customary 
pan  he  recommends  a  combination  of  two  com- 
municating egg-shaped  iron  pots  superposed 
upon  one  another,  and  so  suspended  in  a  gas- 
furnace  that  they  can  be  heated  independently 
of  each  other.  Each  of  the  two  pots  has  a  disc- 
shaped stirrer,  that  of  the  upper  has  a  tube  for 
a  rod  ;  the  rod  of  the  lower  passes  through  this 
tube,  so  that  either  of  the  two  discs  can  be  agi- 
tated by  itself.  The  lower  pot  is  charged  with 
alkali  and  natural  animal  matter,  the  upper  with 
alkali  and  charred  animal  matter,  and  tlie  heat- 
ing process  is  so  conducted  that  tlie  contents  of 
the  uijper  pot  are  in  a  state  of  fusion  before 
those  of  the  lower  have  lost  much  of  their  vola- 
tile matter.  The  lower  pot  is  then  heated,  and 
the  ammoniacal  vapours  produced  there  are 
compelled  to  bubble  through  the  fused  mass  in 
the  upper  pot,  which  gives  their  nitrogen  a  good 
chance  of  conversion  into  cyanide.  An  imita- 
tion of  the  projected  apparatus  was  made  out  of 
a  tall  crucible  and  charged  with  leathcr-char 
above  and  blood-solids  below.  The  yield  of 
prussiate  was  33'2  p.c,  of  which  28  6  were  found 
in  the  lower  part  of  the  crucible.' 

An  apparatus  based  on  tlie  same  idea  as 
Bruunquell's  was  patented  in  1883  by  C.  Engler 

'  This  probably  me.ans  33-2  p.arts  per  100  of  animal 
matter  used  .as  such  or  as  leatlier-cliar.  Tlie  ordinary 
yield,  according  to  Bruuuquell,  is  about  10  for  every  100 
of  animal  matter  used. 
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and  C.  Bader  (Ger.  Pat.  No.  23,1?,2 ;  v.  W.  J.  for 
1883  for  a  woodcut  of  their  apparatus). 

The  real  function  of  the  added  iron,  Brnnn- 
quell  quite  correctly  says,  is  to  retard  the  de- 
struction of  the  iron  jjan,  which  otherwise  would 
have  to  supply  all  the  iron  for  the  iron  sulphide 
unavoidably  formed.  He  quotes  a  statement  of 
Fleck's,  that  a  j)an  wrought  without  iron  stood 
only  100  fusions,  while  two  other  similar  pans 
wrought  with  iron  stood  343  and  405  respec- 
tively. 

To  complete  our  account  of  jsroposed  im- 
provements on  the  old  prussiate  process  we  must 
refer  to  a  proposal  made  by  Bramwell  in  18.55 
(Bib.  2'J),  which  is  to  substitute  sulphate  for  the 
carbonate  used  in  the  fusion  process,  and  along 
with  it  a  sufficiency  of  iron  to  eliminate  the 
alkali  metal  from  the  sulphide  produced  from 
the  sulphate  by  the  action  of  the  charcoal.  It 
does  not  appear  that  Bramwell's  process  was 
ever  tried  even  experimentally.  Bramwell  re- 
commends sulphate  of  '  potash  or  soda,'  which 
implies  that,  supposing  alkaline  sulphate  not  to 
work,  soda-ash  might  be  substituted  for  the  more 
expensive  carbonate  of  potash.  Wagner,  in  re- 
porting on  Bramwell's  [>aper,  suggests  the  em- 
ployment of  a  mixture  of  tlie  two  carbonates, 
which,  as  is  w-ell  known,  fuses  more  readily  than 
either  alone.  By  properly  adjusting  the  pro- 
portions, he  says,  one  might  produce  the  salt 
(NC),.Fe,KNa;|,  which  crystallises  very  readily. 

There  can  be  no  doubt  that  for  most  prac- 
tical purposes  soda-prussiate  would  be  fully 
equivalent  to  the  customary  potash  salt ;  but  we 
have  no  right  to  take  it  for  granted  that  carbon- 
ate of  soda  is  as  active  a  cyanogen-former  as 
carbonate  of  potash.  L.  Possoz  (Bib.  31)  made 
a  series  of  comparative  experiments  on  a  manu- 
facturing scale  with  the  two  alkalis,  and  found 
that  while,  for  instance,  100  parts  of  horn  when 
fused  with  potash  yielded  on  an  average  25  parts 
of  prussiate  of  potash,  they  yielded  only  5  jsarts 
of  prussiate  of  soda  when  soda-ash  was  used. 
An  experiment  recorded  by  E.  Hoffmann  in  his 
memoir  (Bib.  5)  gave  a  different  result.  In  one 
of  his  experimental  fusions  he  used  soda-ash 
instead  of  carbonate  of  potash,  and,  from  100 
parts  of  woollen  rags  by  fusion  at  a  very  high 
temperature  obtained  ferrocyanogen  equal  to  11 
parts  of  prussiate  of  potash  crystals,  as  against 
the  10  to  14  which  he  had  obtained  in  a  series 
of  fusions  with  pearl-ash. 

In  1880  S.  Tanatar  of  Odessa  (Bib.  32)  took 
up  the  question  and  tried  to  decide  it  by  labora- 
tory experiments.  He  used  blood-char  (carho 
sanguinis)  as  a  source  of  nitrogen,  and  found 
that  it  gave  only  traces  of  cyanide  when  fused 
with  iron  and  carbonate  of  soda.  But  when  he 
added  certain  diluents  to  the  mixture  he  obtained 
better  results. 

The  following  is  an  extract  from  his  table  of 
results : — 

Ten  grams  of  blood-char  ami  iron  borings — 

(1)  When  fused  with  25  grams  of  carbonate 
of  potash  gave  cyanide  equal  to  2-15  grams  of 
crystallised  prussiate. 

(2)  When  fused  with  25  grams  of  carbonate 
of  soda  gave  0'2  grams  of  prussiate  of  soda. 

(12)  When  fused  with  25  grams  of  sodium 
chloride  and  5  of  carbonate  of  soda  gave  2'17 
grams  of  prussiate. 


(13)  When  fused  with  25  grams  of  sodium 
chloride,  5  of  carbonate  of  soda,  and  3  of  carbon- 
ate of  lime  gave  2-3  grams  of  prussiate. 

The  numbers  given  are  the  averages  of  from 
3  to  5  fusions.  Mixtures  12  and  13  were  tried 
with  a  kilogram  of  wool,  and  were  found  to  give 
more  cyanogen  than  the  same  material  did  with 
carbonate  of  potash.  Unfortunately,  Tanatar 
says,  the  crystallisation  of  the  sodium  salt  from 
the  leys  offers  great  dilliculties. 

Assay  of  the  metal. — It  is  obviously  impor- 
tant for  the  prussiate  maker  to  have  a  method 
for  the  rapid  determination  of  the  percentage  of 
prussiate  obtainable  from  a  given  metal.  Of  the 
I  many  methods  proposed  Erlenmeyer's  is  pro- 
'  bably  the  most  exact  (Bib.  11).  He  extracts  a 
;  weighed  sample  with  water  with  addition  of 
ferrous  sulphate  and,  if  necessary,  enough 
caustic  soda  to  maintain  an  alkaline  reaction, 
and  removes  the  insoluble  matter  by  filtration. 
From  the  filtrate  he  precipitates  the  ferro- 
cyanogen by  an  excess  of  ferric  chloride  in  the 
presence  of  an  excess  of  hydrochloric  acid,  as 
Prussian  blue,  which  he  filters  off,  washes, 
and  decomposes  by  means  of  caustic  potash. 
The  ferric  hydrate  is  filtered  off  and  the  ferro- 
cyanogen determined  in  the  acidified  filtrate  by 
titration  with  potassium  permanganate,  accord- 
ing to  Be  Haen's  method.  The  sulphoci/auofieii 
of  the  metal  is  in  the  filtrate  from  the  Prussian 
j  blue,  and  can  be  determined  after  further  acidi- 
fication, if  necessary,  by  titration  with  perman- 
ganate. 

NCS.H  +  O3  (as  permanganate)  gives 
j  NCH-f  Si),,  (4-manganous  salt). 

This  latter  method  of  titration,  however, 
does  not  give  perfectly  constant  results  even 
with  pure  solutions,  and  it  is  questionable 
whether  it  gives  at  all  trustworthy  results  in  the 
case  here  under  consideration. 

E.  Bohlig  (Bib.  12)  determines  dissolved 
alkaline  ferrocyanide  by  titration  with  a  standard 
solution  of  copper  sulphate,  the  addition  of  which 
is  continued  until  a  strip  of  filter-paper  dipped 
into  the  mixture  no  longer  becomes  blue  when 
a  drop  of  ferric  chloride  is  put  on  it.  Any 
sulphide  present  in  the  solution  must  first  be 
removed  by  boiling  with  lead  carbonate  and 
filtering. 

J.  Midler  (Bib.  13)  and  K.  Zulkowski  (Bib.  14) 
titrate  with  zinc  sulphate.  According  to  the 
latter,  co'istant  results  can  be  obtained  only  with 
hot  solutions.  A  suitable  standard  solution  is 
obtained  by  dissolving  one-fourth 

(ZnSO,.K,SO,  +  GH.,0)  =  111-0  grams 
of  this  double  salt  in  water  and  diluting  to  one 
litre.  To  test  a  '  metal,'  50  grammes  of  it 
(coarsely  powdered)  are  digested  in  150  c.c.  of 
water,  which  at  first  causes  considerable  evolu- 
tion of  heat.  After  the  mixture  has  cooled  dowij 
to  40°C.,  this  temperature  is  maintained  for 
about  two  hours.  The  whole  is  then  diluted  to 
250  CO.,  filtered  through  a  dry  filter,  and  jsart  of 
the  filtrate  put  into  a  burette.  10  c.c.  of  the 
zinc  solution  are  now  measured  out,  mixed  with 
5  c.c.  of  dilute  sulphuric  acid  (1  to  5)  and  20  c.c. 
of  water,  and  the  whole  is  heated  to  boiling. 
'  Metal '  solution  is  run  into  the  hot  liquid  until, 
when  a  drop  of  the  mixtui'e  is  put  on  a  piece  of 
filter  paper  and  a  drop  of  very  dilute  ferric 
chloride  solution  put  on  the  zone  of  iiapcr 
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Boaked  iu  the  solution  (the  precipitate  remains 
localised  iu  the  place  where  the  drop  was  put 
down)  it  just  produces  a  blue  colour.  The  liquid 
then,  according  to  synthetical  trials  made  with 
known  weights  of  pure  prussiate,  contains  seven 
times  (NC)sFeK, +  3H,,0  of  added  prussiate  for 
every  10  x  ZnSO^  used,  plus  0  5  milligram  of 
prussiate  for  every  cubic-centimetre  of  mixture  ; 
i.e.,  supposing  the  total  volume  of  the  mixture 
at  the  end  to  be  =  V  c.c,  it  contains 
0-740  +  0  0005  X  V  grams 
of  prussiate,  whence  the  percentage  is  easily 
calculated.  But  the  process  had  better  be  niani- 
f)ulated  as  a  purely  empirical  one,  i.e.  after  a 
preliminary  determination  of  the  strength  of  the 
'  metal '-solution,  the  exact  weight  of  prussiate 
of  potash  which,  under  the  circumstance  which 
prevailed  in  this  analysis,  is  equivalent  to  10 
c.c.  of  the  zinc-solntion,  should  be  determined 
directly  by  means  of  an  imitation  of  the  metal- 
solution  derived  from  an  exactly  known  weight 
of  pure  prussiate.  For  the  determination  of  the 
thiocyanale  in  blood  ley,  Zulkowski  adds  excess 
of  sulphurous  acid  to  destroy  the  sulphide  and 
lets  this  reagent  act  from  half  a  day  to  a  whole 
day.  The  acid  liquid  is  then  neutralised  by 
addition  of  oxide  of  zinc  and  the  ferrocyanogen 
fully  precipitated  by  addition  of  excess  of  zinc 
sulphate.  Tlie  filtered  liquor  is  concentrated 
over  a  wator-batli,  and  the  thiocyanogen  pre- 
cipitated by  addition  of  excess  of  copper  sul- 
phate and  sulphurous  acid,  as  cuprous  thiocyan- 
ate,  NCS.Cu,  which  is  filtered  off  and  weighed  as 
such  (after  drying  at  100°),  or  ignited  in  hydro- 
gen to  be  weighed  as  Cu.^S.  Of  the  several 
processes  of  analysis  here  referred  to,  Zulkowski's 
is  the  most  plausible ;  yet,  according  to  experi- 
ments made  in  Professor  Thorpe's  laboratory  by 
Dyson,  it  gives  only  moderately  exact  results 
(private  communication  from  Prof.  Thorpe). 

Proposed  New  Methods  for  the  Manueacture 
01'  PuussiiU'E  OF  Potash. 
None  of  these  has  had  more  than  a  very 
brief  existence.  They  all  agree  in  this,  that 
they  discard  the  use  of  animal  matter  and  sub- 
stitute for  it  either  atmospheric  nitrogen  or 
ammonia. 

Of  the  numerous  attempts  to  produce  cyan- 
ides from  the  nitrogen  of  the  atmosphere,  that 
of  Possoz  and  Hoissi^ire  (Bib.  15)  is  probably  the 
earliest,  and  not  the  least  successful.  Charcoal, 
impregnated  with  .SO  p.c.  of  its  weight  of  car- 
bonate of  potash,  is  kept  at  a  red-heat  in  tire- 
clay  cylinders,  through  which  a  mixture  of 
nitrogen  and  carbonic  oxide,  produced  by  passing 
air  over  red-hot  alkaliuised  charcoal,  is  passing. 
The  maximum  amount  of  cyanide  is  formed 
after  about  ten  liours.  The  process  is  continu(nis ; 
while  finished  product  is  withdrawn  from  below 
(and  made  to  cool  in  close  iron  boxes),  fresh 
charges  are  introduced  from  above.  The  pro- 
duct is  lixiviated  with  water  in  the  presence  of 
powdered  spathic  iron  ore,  to  produce  a  solution 
of  prussiate  which  is  worked  up  as  usual.  The 
inventors,  after  liaving  wrought  their  process 
in  Grenelle,  near  Paris,  witliout  a  profit,  trans- 
planted it  to  Newcastle,  and  there,  for  a  time, 
produced  as  much  as  1,000  kilograms  of  prussiate 
in  a  day.  But  the  method  could  not  compete 
with  the  old  process,  and  the  works  were  eveutu- 


'  ally  closed.  Bramwcll  simplified  the  process  by 
utilising  as  nitrogen  the  gases  of  the  furnace  in 
which  the  cylinder  is  heated. 

In  1S()1,  Margueritte  and  De  Sourdeval  (Bib. 
IG)  established  the  important  fact  that  baryta  is 
a  better  basic  reagent  for  causing  the  union  of 
nitrogen  and  carbon  into  cyanogen,  than  carbon- 
ate of  potash.  A  mixture  of  carbonate  of  baryta, 
iron  filings,  coal-tar  and  sawdust  is  ignited 
I  strongly  in  a  fire-clay  retort,  when  most  of  tlie 
I  baryta  is  reduced  to  oxide.  A  current  of  air, 
de-oxygenated  by  hot  carbon,  is  then  passed  over 
the  mass  at  a  red-heat,  wlien  barium  cyanide  is 
formed  in  abundance.  From  this  otiier  cyanides 
arc,  of  course,  easily  made,  but  the  inventors,  it 
appears,  prefer  to  use  it  for  the  generation  of 
ammonia,  by  the  decomposing  action  of  steam  at 
300^  Ba(NC)..  -h  4H.,0  =  2NH,  -I-  H.  -^  CO  -t-  BaCO,. 

About  1881,  V.  Adler,  having  found  that  the 
formation  of  cyanogen  from  charcoal,  nitrogen, 
and  basic  oxides  is  greatly  facilitated  by  the  pre- 
sence of  finely  divided  iron  or  other  metal  capa- 
ble of  combining  with  carbon  and  transferring 
it  to  the  nitrogen  and  basilous  metal,  souglit 
to  base  upon  this  a  new  method  for  the  manu- 
facture of  cyanides.  We  refer  to  the  literature 
quoted  under  17. 

A  long  time  ago  Bunsen  suggested  to  make 
potassium  cyanide  by  constructing  a  kind  of 
iron  blast-furnace  and  working  it  with  alternate 
layers  of  carbonate  of  potash  and  coal.  The 
potassium  cyanide  produced  might  be  let  out 
from  time  to  time  from  tap-holes  provided  at 
the  proper  places.  We  quote  from  W.  J.,  1855, 
p.  85,  where  the  Haudworterbuch  der  Chemie 
[4],  273,  is  referred  to. 

For  the  con  version  of  ammonia  into  cyanogen., 
one  method  is  to  pass  it  over  red-hot  charcoal, 
when  vapour  of  annnonium  cyanide  is  produced. 
Langlois  (Bib.  18),  who  was  the  first  to  study  the 
reaction,  recommends  it  as  the  best  method  for 
the  preparation  of  pure  crystals  of  this  salt. 
Kuhlmann  (Bib.  Ill)  utilised  it  experimeutally  for 
the  preparation  of  prussiate  of  potash,  by  pas- 
sing the  gaseous  product  obtained  by  heating 
charcoal  in  a  current  of  dry  ammonia  into  a 
solution  of  caustic  potash  containing  suspended 
ferrous  hydrate,  and  obtained  encouraging  re- 
sults. Brunnquell  tried  to  use  the  reaction  for 
converting  the  annnoniaof  the  vapours  resulting 
from  the  dry  distillation  of  animal  matter, 
ultimately,  into  prussiate  of  potash.  Finding  it 
impracticable  to  decompose  ammonium  cyanide 
by  means  of  caustic  potash,  he  proposes  to  pass 
,  the  vapours  containing  the  ammonium  cyanide 
into  a  solution  of  ferrous  suliihato,  to  produce 
ammonium  sulphate  and  a  precipitate  of  ferrous 
cyanide,  which  latter  he  collects  and  turns  into 
prussiate  by  treatment  with  solution  of  potassium 
carbonate  (Bib.  3).  His  ingeniously  constructed 
apparatus  for  the  absorption  of  the  cyanide- 
vapours  is  described  and  figured  in  W.  J.,  1856, 
110.  On  Karmrodt's  attempts  in  the  same 
direction  we  reported  above  (p.  G30). 

A  slight  modification  of  Karmrodt's  process 
(addition  of  iron  filings  to  the'  Kohlcnkali  ')  was 
liatented  by  H.  Johnston  for  Lucas  in  18(52 
(Bib.  20).  More  original  is  the  process  of  H. 
Schwartz  (Bib.  21)  who  passes  a  mixture  of 
ammoiiia  and  carbon  bisulphide  vapour  over 
red-hot  iron  or  copper,  contained  in  an  iroa 
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tube,  so  as  to  form  ammonium  cyanide  vapour, 
which  he  absorbs  in  a  magma  of  ferrous  hydrate 
and  caustic-alkali-ley,  and  so  produces  ferro- 
cyanide. 

CS,  +  2NH3  +  4Cu  =  2Cu,S  +  NCH.NH3  +  H,. 

Perhaps  it  is  more  coiTect  to  assume  that  in 
the  lirst  instance  CSj  and  2NH,  unite  into 
NCS.NHj  +  HjS,  which  are  then  both  desul- 
phurised by  the  copper.  At  any  rate,  the 
reaction  here  presumed  does  take  place,  as 
shown  by  Millou  (Bib.  22),  when  carbon  di-sul- 
phide  is  kept  in  contact  with  aqueous  ammonia 
solution.  A.  Gelis,  in  18(il  (Bib.  23),  based  upon 
this  reaction  a  method  for  the  industrial  pre- 
paration of  ammonium  thioeyanate,  and  subse- 
quently worked  out  a  process  for  making  potas- 
sium ferrocyanide  from  the  thioeyanate  (Bib. 
24  and  25).  Gflis's  process  for  the  manufacture 
of  thioeyanate  is  considered  below ;  liis  method 
for  its  conversion  into  prussiate  is  based  ujion 
the  presumption  that  potassium  thioeyanate, 
when  heated  with  finely  divided  iron  to  dull 
redness,  is  decomposed  with  formation  of 
pnissiate  (?)  thus : 

C(NCS)K  -f  GFe  =  (NC)„FeK,  +  5FeS  -I-  K.S. 

But  this  cannot  be  the  case :  even  the 
possibility  of  producing  jjotassium  cyanide  from 
tliiocyanate  profitably  in  this  manner  is  more 
than  doubtful.  It  certainly  was  at  Gelis'  time. 
(['.  supra  under  K.  Hoffmann).  Payen,  it  is 
true,  in  his  report  says  that  the  actual  yield  is 
about  equal  to  that  demanded  by  theory,  but  he 
offers  no  evidence  on  this  point,  and,  supposing 
him  to  be  right,  why  did  the  Vcrciii  filr  die  Bc- 
fiirdcrting  des  Gcwerbflcisses  in  Frcusscn  as 
late  as  1877  offer  a  prize  of  1000  marks  for  the 
conversion  of  thiocyanates  into  prussiates  ? 
And  why  did  Messrs.  Giinzburg  and  Tcherniac 
waste  such  an  amount  of  time  over  the  same 
problem  ? 

Since  about  1878  these  two  chemists,  as  ap- 
pears from  their  publications,  have  been  en- 
gaged in  attempts  to  bring  Gelis'  processes  into 
workable  forms.  Their  apparatus  and  methods 
for  the  production  of  thiocyanates  are  described 
below  under  a  special  heading  ;  we  here  confine 
ourselves  to  stating  what  they  found  out  in  re- 
gard to  the  problem  of  de-sulphurising  thio- 
eyanate of  potassium.  According  to  their  ex- 
periments, this  change  can  be  effected  satis- 
factorily by  means  of  metallic  iron,  but  only 
under  the  following  conditions  : — 

(1)  The  thioeyanate  must  be  dry  and  '  abso- 
lutely '  pure.  (What  does  '  absolutely  pure ' 
mean?  Tliey  surely  would  not  insist  on  abso- 
lute purity  in  the  strict  sense  of  the  terms.) 

(2)  The  iron  must  be  clean  and  perfectly 
metallic.  Ordinary  '  reduced  iron  '  is  contami- 
nated with  more  or  less  of  protoxide,  which,  in 
the  course  of  the  fusion  process,  converts  its 
e(iuivalent  of  cyanide  into  the  useless  form  of 
cyanate.  '  Per  porphyrise  '  on  the  other  hand 
works  admirably. 

(3)  The  mixture  of  thioeyanate  and  iron 
must  be  very  intimace. 

(4)  In  the  fusion  process  a  temperature  of  as 
nearly  as  possible  450°C.  must  be  maintained. 
Below  350"  there  is  no  action,  while  650",  on  the 
other  hand,  is  a  limit  which  it  is  dangerous  to 
pass.    (Why  ?) 


The  thioeyanate,  after  liaving  been  fused, 
and  thus  dehydrated,  at  300 ',  is  allowed  to  soli- 
dify, powdered  finely  and  mixed  with  the  iron 
powder  in  an  apparatus  so  constructed  that  ab- 
sorption of  moisture  from  the  atmosphere  is 
precluded.  The  mixture  is  put  into  iron  boxes 
with  closely-fitting  lids,  and  these  are  placed  in 
a  cast-iron  chamber  constructed  like  an  ordinary 
laboratory  steam-chest,  but  kei)t  at  450°  by 
means  of  boiHng  sulphur.  (See  tig.  3.)  The 
sulphur-compartmoit  conmiunicates  above  with 
an  upright  pipe  which  acts  as  an  inverted  con- 
denser. When  the  reaction  is  completed,  the 
boxes  are  transferred  to  a  chamber  which  can  be 
closed  hermetically  and  cooled  down  quickly  by 
means  of  a  current  of  cold  water.  The  mass  is 
treated  with  water,  &c.,  i.e.  manipnlafed  exactly 
like  ordinary  '  metal.'    It  yields  '  from  30  to  40 


Fiu.  3. 

p.c.  of  crystallised  prussiate.'  Mr.  Tchcrniae 
(in  his  article  '  Cyanures,'  in  the  supplement 
to  Wiirtz's  Dictionnaire  de  Cliimie)  does  not 
tell  us  what  proportion  of  iron  he  uses ;  as- 
suming he  takes  the  calculated  quantity,  i.e. 
Fe  parts  of  iron  for  NCS.K  parts  of  the  salt, 
the  fused  mass,  by  theory,  should  yield  45-9 
p.c.  of  its  weight  of  crystallised  prussiate  ;  the 
'  30  to  35  p.c'  then  would  mean  '  from  G5 
to  7G  p.c.  of  the  theoretical  maximum.'  Not 
a  bad  yield,  surely,  but  would  the  process  pay 
in  practice  ?  Besides,  Tcherniac's  numbers  for 
the  iJotential  prussiate  in  his  metals  are  pro- 
bably too  high,  because  he,  no  doubt,  determined 
these  analytically  by  means  of  his  own  process, 
which  is  as  follows  : 

To  analyse  the  solution  derived  from  a  given 
metal  he  begins  by  acidifying  with  sulphuric 
acid  and  next  drops  in  strong  solution  of  per- 
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nianganate  of  potash,  until  the  red  colour  re-  ' 
mains  for  a  few  minutes.  The  mixture  is  al-  1 
lowed  to  stand  for  about  lialf-an-hour  to  make  ; 
sure  that  all  the  prussiate  is  converted  into 
ferricyanide  and  that  the  sulphide,  thiocyanate, 
&c.,  are  completely  oxidised.  (Tcherniac  does 
not  direct  us  to  maintain  a  red  colour  in  the 
mixture  by  occasional  addition  of  more  per- 
manganate, but  he  no  doubt  means  us  to  do  so.) 
At  last  the  mixture  is  made  strongly  alkaline  by 
addition  of  caustic  soda,  heated  to  boiling  and 
mixed  with  ferrous  sulphate  to  re-convert  the 
red  into  yellow  prussiate  with  formation  of 
magnetic  oxide  of  iron,  which  is  filtered  olT. 
The  filtrate  is  acidified  and  its  prussiate  deter- 
mined by  titration  with  a  standard  solution  of 
potassium  permanganate  (De  Haen's  method). 
The  method,  obviously,  is  based  on  the  presump- 
tion that,  in  the  first  process  of  oxidation,  the 
thiocyanate  is  converted  into  substances  not  sus- 
ceptible of  conversion  into  prussiate  by  treatment 
with  ferrous  hydrate  and  caustic  alkali ;  but 
this,  we  believe,  is  a  mistake;  as  shown  by 
Erlenmeyer,  permanganate,  in  acid  solutions, 
converts  thiocj'anate  into  cyanide  and  sulphate, 
and  the  hydrocyanic  acid,  as  far  as  it  survives, 
will  be  reported  as  so  much  prussiate. 

We  liave  not  the  space  for  more  than  the 
bare  outlines  of  a  process  for  the  production  of 
prussiate  from  ammonium  sulphate  whicli  was 
proposed  by  H.  Fleck  (Bib.  2S).  According  to 
his  experiments,  if  ammonium  sulphate,sulphur, 
and  charcoal  are  added  to  a  fused  mixture  of 
potassium  carbonate,  sulphur,  and  charcoal, 
potassium  thiocyanate  is  produced  which  con- 
tains one  half  of  the  nitrogen  of  the  ammonia 
salt ;  the  other  half  escapes  as  ammonia,  along 
with  sulphuretted  hydrogen.  If  now  iron  filings 
be  incorporated,  a  violent  reaction  sets  in  which 
leads  to  the  formation  of  a  black  mass,  etpiiva- 
lent  to  the  '  metal '  of  the  old  process  inasmuch 
as  it  yields  prussiate  on  lixiviation  with  water. 

Eed  prussiate  of  potash  or  Ferricyanide  of 
potassium  (NC)„FcK.,.  This  salt  was  discovered 
by  Leopold  Gmelin  in  1822.  He  prepared  it  by 
passing  chlorine  through  solution  of  yellow 
l^russiate  until  it  no  longer  gave  a  preciiiitate  or 
colouration  of  Prussian  blue  with  ferric  salt. 
The  reaction  is  very  simple  :  of  the  four  atoms 
of  potassium  in  yellow  prussiate  one  is  elimi- 
nated as  chloriile.  Gmelin  also  found  that  the 
new  salt  gives  a  blue  precipitate  on  addition  of 
ferrous  salt,  which  is  similar  to,  but  not  iden- 
tical with  Prussian  blue.  The  new  blue  subse- 
quently became  known  as  'Tumbull's  Blue.' 

Gmclin's  reaction  is  still  used  almost  exclu- 
sively for  the  manufacture  of  the  salt ;  only  in- 
stead of  passing  chlorine  through  a  solution  of 
yellow  prussiate,  some  prefer  to  chlorinate  the 
powdered  dry  salt.  In  the  latter  case  the  mode 
of  operating  is  either  the  same  as  in  bleaching- 
powder-making,  or  else  the  powdered  salt  is 
placed  in  casks  which  are  made  to  revolve  while 
a  current  of  chlorine  is  passing  through  them. 
The  wet-way  method,  however,  is  more  gene- 
rally used  and  it  must  be,  if  the  production  of  a 
pure  preparation  is  contemplated. 

The  fully  chlorinated  solution  is  evaporated 
to  crystallisation,  the  red  salt  allowed  to  crys- 
tallise out  and  purified  by  re-crystallisation. 
The  process  is  not  so  easy  in  practice  as  theorv 


might  indicate.  A  solution  of  red  prussiate  if 
subjected  to  the  action  of  clilorine,  even  in 
the  cold,  is  slowly  decomposed  with  formation 
of  a  green  precipitate  known  as  '  Prussian 
green,'  which  runs  through  any  filter  and  pre- 
vents the  formation  of  normal  crystals.  In 
practice  it  is,  of  course,  quite  impossible  to 
avoid  local  excess  of  chlorine,  and,  as  a  con- 
sequence, the  green  precipitate  makes  its  ap- 
pearance before  the  whole  of  the  yellow  salt  is 
converted  into  red.  Posselt  has  discovered  an 
easy  mode  of  getting  quit  of  this  trouble. 
After  having  completed  the  clilorination,  he 
evaporates  to  crystallisation  (without  heeding 
the  green  precipitate)  and  adds  a  little  caustic 
potash  to  the  hot  liquor;  the  green  compound 
is  converted  into  ferric  hydrate  which  is  easily 
filtered  off.  Unfortunately,  however,  the  pro- 
cess re-generates  yellow  salt : 

3(NC)  fe.fe  +  (N'Cj^FCj.fe,  +  21K0H 
=  7fe(OH)3+  3(NC),fe.K,-f  3(XC),FeK,.' 
Perhaps  the  best  way  out  of  the  dilliculty 
would  be,  to  stop  the  chlorination  as  soon  as  the 
green  precipitate  threatens  to  form,  and  then  to 
complete  the  change  by  the  following  process 
due  to  Williamson  (Bib.  33) : — 

Everitt's  salt  (an  insoluble  ferro-potassic 
ferrocyanide  which  is  formed  in  the  preparation 
of  hydrocyanic  acid  from  pi-ussiate  of  potash)  is 
treated  with  an  equivalent  amount  of  nitric  acid 
diluted  with  20  parts  of  water,  first  in  the  cold, 
and  then  with  cautious  application  of  heat. 
The  result  of  this  operation  is  that  the  Everitt's 
salt  loses  half  its  potassium  and  assumes  the 
form  of  a  blue  ferri-potassic  ferrocvanide,  thus  : 
(NC)„J?e.FeK,-  K  =  (NC),Fe.feK 

Everitt's  s.**!!.  WiUiiirason"*  blue. 

The  blue  compound,  when  boiled  with  solution 
!  of  potassium  ferrocyanide.  takes  away  one  fourth 
of  the  potassium  in  the  latter,  and  re-assumes 
its  original  form  of  Everitt's  salt : 
(NC)  Fe.feK-i-(NC),Fe.K, 
=  (NC)  Je.FeK.-t-  (XC)  Je.Iv,. 
As  the  blue  re-agent  can  be  recovered  from  the 
Everitt's  salt  formed  by  means  of  nitric  acid, 
Williamson's  process  would  perhaps  pay  even  as 
an  independent  industrial  process  for  the  pre- 
paration of  the  salt. 

SchOnbein  recommended  to  make  red  prussi- 
ate by  treating  the  solution  of  the  yellow  salt 
with  lead  di-oxide  in  the  presence  of  carbonic 
acid : 

2(NC),FeK,  +  PbO..-f2CO,.+  H.O 
=  2(NC),fe.K3  -^  PbO  -i-  2KHC0,. 
The  presence  of  excess  of  carbonic  acid  is 
essential,  because  red  prussiate,  monoxide  of 
lead  and  caustic  potash  decompose  one  another 
in  the  sense  of  our  equation  as  read  from  the 
right  to  the  left.  From  the  monoxide  of  lead 
the  binoxide  can  be  re-generated  by  means  of 
bleaching-powder  solution.  Lunge  (Bib.  3.5)  re- 
commends this  combination  of  processes  for  the 
industrial  manufacture  of  the  salt. 

Seuberlich  (Bib.  30),  as  an  improvement  upon 
Schinibein's  process,  proposes  to  substitute 
hydrochloric  for  the  carbonic  acid. 

Keichardt,  of  Jena  (W.  J.  18G9,  270),  effects 

'  Here,  as  also  In  the  following  section,  we  use  the 
symbol  '  fe '  as  ilesigiiating  6G  p.irts  of  ferric  iron, '  Fe ' 
stuuidiug  for  the  s;imo  weight  o£  ferrosum,  or  perhaps,  of 
iron  generally. 
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the  conversion  of  yellow  into  rod  prussiate  by 
means  of  bromine.  The  speoitic  advantages 
claimed  for  the  method  are,  that  bromine  is 
weighable  and  that  an  excess  of  it  docs  not  to 
anything  like  the  same  extent  as  one  of  chlorine 
lead  to  the  formation  of  by-prodncts.' 

Keichardt's  process  ■would  probably  not  pay 
industrially  as  it  stands,  but  might  perhaps  be 
employed  with  advantage  for  completing  a  con- 
version which  has  already  been  almost  accom- 
plished by  means  of  chlorine. 

A  method  proposed  by  liodgcr  (Bib.  37)  con- 
sists in  preparing  a  mixed  solution  of  ferric  and 
potassic  sulphates  which  contains  the  two  bases 
in  the  exact  proportion  demanded  by  the  for- 
mula for  red  prussiate,  and  then  substituting 
2  NC  for  every  1  SO,  by  precipitation  with 
strontium  cyanide. 

Red  prussiate  of  potash  ciystallises  from 
water  in  magniiioent  dark-red  monoclinic  prisms 
which  may  assume  a  considerable  magnitude. 
Tlie  crystals  are  anhydrous.  Sp.gr.  =  1-845 
(Wallace).  They  dissolve  largely  in  \vater,form- 
ing  an  intense  yellow  solution.  (Yellow  prussiate 
solution  is  only  pale  yellow.)  At  t'^  C.  one  part 
of  the  salt  requires  for  its  solution  '  w'  parts  of 
water ;  tlie  sp.gr.  of  the  solution  produced  is 
'S'  (at  r  ?). 

P  w  s 

44    .       .       .       .    3-03  1-151 
10-0    ....    2-73  1-1(U 
15-G  (60^  F.)      .       .    2-51  1-178 
37-8    ....    1-70  1-225 
100-0    ....    1-2'.)  1-250 
104-0  (boil,  point)        .    1-22  1-2G5 

A  solution  of  red  prussiate  gives  a  blue  pre- 
cipitate with  solutions  of  ferrous  salts  (Turn- 
bull's  blue),  which  is  insoluble  in  water  and  in 
mineral  acids.  With  ferric  salts  it  gives  the  in- 
tense brown  colouration  characteristic  of  ferric 
fcrricyanide. 

A  mixed  solution  of  red  prussiate  and  caustic 
potash  is  a  powerful  oxidising  agent. 

(NC)„fe.K,  +  KOH  =  (NC)„Fe.K,  (OH,  which 
effects  the  oxidations).  Thus,  for  instance,  in- 
digo-blue is  instantaneously  decolourised  by  this 
combination  of  reagents. 

Perrocyanic  acid  (NC),Fe.H,  is  produced 
-when  a  solution  of  yellow  prussiate  is  mixed 
with  any  of  the  stronger  acids  in  the  cold. 
For  the  preparation  of  a  pure  solution  the 
barium  salt  is  decomposed  with  the  exact  quan- 
tity of  sulphuric  acid,  and  the  barium  sulijhate 
filtered  off.  A  more  convenient,  but  less  exact, 
method  is  to  decompose  a  strong  solution  of 
yellow  prussiate  by  addition  of  the  exact  quantity 
of  tartaric  acid,  which  forms  bitartrate  with  the 

'  In  connection  with  this  mattor  a  very  instructive 
research  by  Etlgar  J.  ReynoUls  (G,  J.  for  18y8.  Trans. 
7G7)  may  be  referred  to.  Its  prinuipal  result  is  that  a 
saturated  solution  of  red  prussiate,  if  Ixiiled  with  bromine 
(3  parts  for  one  part  of  dry  salt)  under  an  inverted  con- 
denser for  5-6  hours,  yields,  amongst  other  things,  a  black 
insoluble  cyanide  of  iron  of  tlie  composition  Vc-Gy„  which 
behaves  towards  boiling  caustic-potash  ley  as  if  it  were  a 
mixture  Cy,aFe3.fOj  +  C!y,,fe.fe  of  ferricura  fen-ocyanide 
anil  feri'icyauide,  or.  in  other  words,  similarly  to  Prussian 
green,  to  which  latter,  indeed,  some  authorities  assign  the 
same  formula  as  lleynolds  does  to  his  new  compound 
(/'.  for  instance,  Roscoe-Schorlemmer's  Handbook  of 
Chemistry).  The  new  cyanide  if  exposed  to  moist  air  or 
washed  with  hot  water  loses  ferricuni  as  hydrate,  and 
passes,  very  slowly,  into  Prussian  blue. 

Se,Oy„^ + m^O=te..{  0H)„  -l-I?e,Cy,„-)-  GCyH, 


potassium  of  the  salt.  The  bitartrate  separates 
out  on  standing  and  is  removed  by  filtration.  For 
the  preparation  of  di-ij  ferrocyanic  acid,  a  satu- 
rated solution  of  yellow  prussiate,  after  removal 
of  its  absorbed  air  by  boiling,  is  allowed  to  cool  in 
the  absence  of  air ;  a  quantity  of  air-free  ether 
is  then  added,  and  lastly,  air-free  hydrochloric 
acid.  Ferrocyanic  acid  separates  out  in  white 
scales,  which  are  filtered  off,  washed  with  ether- 
alcohol,  and  purified  by  re-solution  in  alcohol 
and  repreeipitation  with  ether.  Tlie  prepara- 
tion must  be  dried  in  the  cold  over  oil  of  vitriol. 
A  solution  of  ferrocyanic  acid,  if  exposed  to  the 
air,  and  more  especially  at  higher  temperatures, 
suffers  oxidation  with  formation  of  a  blue  pre- 
cipitate, which,  rightly  or  wrongly,  is  generally 
assumed  to  be  Prussian  blue.  This  reaction 
is  utilised  in  calico-printing  for  the  production 
of  blue  patterns. 

If  a  solution  of  ferrocyanic  acid  is  boiled,  it 
is  decomj)osed  with  elimination  of  half  its 
cyanogen  as  hydrocyanic  acid,  NGH,  and  form,a- 
tion  of  an  insoluble  ferrocyanide  of  ferrosum 
and  hydrogen. 

2(NC),Fe.H^  =  CNCH  +  (NC),Fc.FcH,,. 
A  similar  reaction  takes  place  in  the  distillation 
of  prussiate  of  potash  with  dilute  sulpliuric 
rcid  ;  only  in  this  case  the  (NC)„Fe.Fe41,_,  first 
formed  exchanges  its  two  atoms  of  hydrogen  for 
two  of  potassium  from  the  potassium  sulphate 
produced,  and  a  precipitate  of  Everitt's  salt 
(NC),Fe.FoK2  is  left  in  the  retort.  Both  preci- 
pitates are  white,  if  pure,  but  they  quickly 
absorb  oxygen  from  the  air  with  formation  of 
blue  compounds. 

Hydrocyanic  acid.  Syn.  r?-ussic  acid.  (Genu. 
Blausaiire.)  NC.H  or  CyH.  In  a  memoir  pub- 
lished in  the  Transactions  of  the  Swedish 
Academy  for  1782-3  Scheele  showed  that  the 
'colouring  principle'  of  Prussian  blue  can  be 
isolated  in  two  ways — viz.  (1)  by  converting  the 
blue  into  potash  salt  and  distilling  this  with 
dilute  sulphuric  acid,  and  (2)  by  converting  the 
blue  into  mercury  salt  by  boiling  it  with  mercury 
calx  and  water,  precipitating  the  mercury  by 
means  of  metallic  iron  and  dilute  sulphuric  acid, 
and  distilling  the  liquid  decantate.  In  either 
case  the  '  px-inciple  '  is  contained  in  the  distillate, 
as  proved  by  the  fact  that  the  distillate,  when 
mixed  with  excess  of  caustic  alkali,  ferroso-ferric 
salt,  and  excess  of  acid,  regenerates  Prussian 
blue.  The  body  was  subsequently  called  by  Berg- 
mann  '  aciduin  cairulci  Bcrolincnsis,'  whence  its 
familiar  names,  as  given  in  the  heading. 

Scheele  found  tliat  pmssic  acid  itself  is  very 
volatile  and  combustible,  and  that  one  of  the 
products  of  its  combustion  is  fixed  air.  Com- 
bining this  with  the  fact  ascertained  by  him, 
that  a  mixture  of  wood-charcoal  and  pearl-ash 
yields  bo  blood-ley  salt  when  heated  by  itself, 
but  does  so  if  heated  with  sal-ammoniac,  he 
concluded  that  pnissic  acid  is  composed  of 
volatile  alkali,  fixed  air,  and  i^hlogistou,  which 
is  in  substantial  accordance  with  our  x'l'eseut 
views. 

The  exact  quantitative  composition  of  prussic 
acid  (and  the  then  known  cyanides)  was  ascer- 
tained for  the  first  time  by  Gay-Lussac  in  1815. 
He  showed  that  prussic  acid  is  similar  in  its 
constitution  to  hydrochloric,  hydriodic,  and 
sulphydric  acids,  with,  however,  this  important 
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(lifTerencc — that  the  liydroKcn  in  prussic  acid  is 
united,  not  with  an  elementary  but  with  a  '  com- 
pound  radicle,'  NC,  which  he  called  '  cyanortitie.' 
Gay-Lussac  thus  for  the  first  tiiue  introduced 
the  notionof  compound  radicles,  which,  however, 
at  his  time,  would  have  failed  to  take  root  in  the 
minds  of  chemists  if  he  had  not  succeeded  in 
isolating  this  radicle  [v.  infra). 

Fot-  the  preparation  of  hydrocyanic  acid  the 
most  convenient  method  probably  is  to  de- 
comi^ose  pure  potassium  cyanide  with  dilute 
sulphuric  acid.  The  customary  method  is  that 
of  Scheele,  which  is  to  distil  prussiate  of 
potash  with  dilute  sulphuric  acid.  For  the 
jireiDaration  of  an  aqueous  solution  of  the  acid, 

2  parts  of  oil  of  vitriol,  4-0  parts  of  water,  and 

3  parts  of  prussiate  are  suitable  proportions  to 
use.  The  prussiate,  after  having  been  coarsely 
powdered,  is  introduced  into  a  retort,  standing 
on  a  sand  or  asbestos  bath ;  the  nock  of  the 
I'etort,  which  is  turned  upwards,  is  connected 
with  an  efficient  Liebig's  condenser  by  means  of 
a  glass  elbow  and  perforated  corks.  The  acid 
mixture  is  of  course  allowed  to  cool  before  it  is 
poured  on  the  salt.  The  distillation  is  continued 
until  the  residue  is  nearly  dry.  As  prussic  acid 
is  very  volatile  and  highly  poisonous,  it  is  as 
well  to  let  the  distillate  go  into  a  layer  of  water 
contained  in  the  receiver,  and  to  place  the  latter 
into  cold  water  or,  better,  a  mixture  of  ice  and 
water. 

The  process,  as  we  had  already  occasion  to 
state,  consists  essentially  in  this  -  that  one  half 
of  the  cyanogen  is  liberated  as  NCH,  while  the 
rest  of  the  elements  concerned  remain  in  the 
retort  as  Everitt's  salt  and  potassium  sulphate. 
For  pharmaceutical  purposes  the  proportion  of 
water  is  so  adjusted  that  the  distillate  is  de- 
cidedly, but  not  very  much,  above  the  strength 
prescribed  by  the  Pharmacopo'ia,  which  in  (jrcat 
Britain  is  2  p.c.  of  real  NCH.  The  acid  is 
then  analysed  and  diluted  down  to  the  desired 
strength. 

Anhydrous  hydrocyanic  acid  cannot  be  made 
by  distilling  the  prussiate  with  oil  of  vitriol, 
because  this  converts  the  NCH  produced  at  once 
into  carbonic  oxide  and  amuionia  (sulphate). 

I.  NCH  +  '2H,0  =  NH,H-H.C00H. 

II.  H.COOH-H,0  =  CO. 

The  strongest  hydrochloric  acid  behaves 
similarly,  except  that  the  formic  acid  survives. 

To  prepare  the  real  acid  the  luxndicst  method 
is  to  pass  its  vapour  througli  an  inverted  con- 
denser, kept  at  say  30°C.,  and  thence  through 
a  column  of  used  calcium  chloride  kept  at  a 
similar  temperature.  Wiihler  recommends  to 
distil  10  parts  of  prussiate  witlr  7  of  sulphuric 
acid,  diluted  with  li  of  water,  in  a  retort,  the 
neck  of  which  is  turned  upwards,  and  connected 
in  the  lirst  instance  with  a  Woulf's  bottle  con- 
taining a  layer  of  pieces  of  crude  calcimu  chlor- 
ide, or  lumps  of  common  potassium  cyanide, 
and  through  it  with  a  large  U-tube  tilled  with 
fragmentii  of  fused  calcium  chloride,  which  must 
be  free  from  powder.  Both  the  Woulf's  bottle  and 
the  U-tube  are  iuunersed  in  water-baths  kept 
at  :jO\  to  prevent  condensation  of  NCH.  The 
dehydrated  vapour  is  passed  to  the  bottom,  of  a 
tall  narrow  cylinder  standing  in  a  freezing  mix- 
ture. The  outlet  tube  must  be  pretty  wide, 
because  the  anhydrous  acid  at  low  temperatures 


is  apt  to  freeze,  which,  in  the  case  of  a  narrow 
'  tube,  might  lead  to  serious  accidents.    For  the 
same  reason,  a  glass  spiral  condenser  surrounded 
by  a  freezing  mixture  cannot  be  used. 

The  substance  NCH  is  a  colourless  mobile 
liquid,  possessing  a  peculiar  odour  accompanied 
by  a  peculiar  choking  sensation  in  the  larynx, 
j  We  here,  of  course,  refer,  not  to  prussic  acid 
vapour  proper,  but  to  air  contaminated  with 
mere  traces  of  the  vapour.  The  inhalation  of 
anything  like  concentrated  hydrocyanic  acid 
vapour  is  fatal.  The  acid,  indeed,  is  fearfully 
poisonous ;  a  single  drop  of  it,  when  placed  on 
the  tongue  of  a  large  dog,  produces  instantaneous 
death. 

The  sp.gr.  of  the  liquid  is  0-7058  at  7^ 
and  0-C9G7  at  18°C.  (Gay-Lussac).  According 
to  the  same  authority  it  freezes  at  — 15" ; 
but  Schulz  asserts  that  the  really  anhydrous 
acid  remains  liquid  at  even  —37°.  The  acid, 
under  7C()  mm.  pressure,  boils  at  26'5° ;  at  the 
low  temperature  of  i'S''  its  vapour  tension  is 
equal  to  half  an  atmosphere. 

Hydrocyanic  acid  gas  is  inflammable,  and 
burns  into  carbonic  acid,  water,  and  nitrogen.  If 
kindled  in  the  eudiometer  with  about  the  cal- 
culated volume  of  oxygen,  it  explodes  very 
shai"ply. 

Tlie  acid  is  miscible  with  water,  alcohol,  and 
ether  in  all  proportions ;  in  the  case  of  water 
there  is  a  fall  of  temperature  accompanied  by 
contraction  (Bussy  and  Buignet).  According  to 
Gautier  it  forms  a  series  of  hvdrates,  and  one  of 
these— NCH  4- H.,0— freezes  at  -22°.  But  all 
these  hydrates  are  very  unstable  ;  aqueous  hydro- 
cyanic acid,  on  distillation,  behaves  like  a  mix- 
ture of  the  two  components. 

Hydrocyanic  acid  is  but  a  feeble  acid ;  it 
unites  with  even  caustic  potash  only  sluggishly, 
and  the  solution  (of  NCK)  produced  smells  of 
the  acid.  It  does  not  decompose  carbonates  or 
borates,  nor  does  it  act  on  sodium  sulphate, 
which  latter,  by  the  action  of  hydrochloric  acid, 
is  converted  into  bisulphate  with  formation  of 
sodium  chloride.  These  facts  afford  methods 
for  the  separation  of  hydrocyanic  from  stronger 
volatile  acids  associated  with  it  in  the  same 
solution. 

Mercuric  oxide  is  the  only  base  on  which 
hydrocyanic  acid  solution  acts  energetically  and 
with  formation  of  a  very  stable  salt  HgCvo. 

For  the  quantitative  analysis  of  a  solution 
of  hydrocyanic  acid,  the  most  exact  method  is 
to  precipitate  the  cyanogen  as  silver  cyanide 
from  a  known  weight  of  the  solution  by  means 
I  of  silver  nitrate,  to  collect  the  precipitate  on  a 
weighed  (alter,  wash  it,  and  weigh  it  after  drying 
at  100° ;  but  the  method  dcnumds  more  time 
than  the  pharmaceutist  can  as  a  rule  afford. 
I  More  expedilive,  and  for  practical  purposes  suf- 
ficiently exact,  is  the  following  titrimctric  process 
of  Liebig's.    The  acid  to  be  analysed  is  diluted 
largely  with  water  and  supersaturated  strongly 
by  addition  of  caustic  potash.    If  the  alkali 
should  hai)i)en  to  be  free  from  chloride,  a  trace  of 
sodium  chloride  must  be  added  to  the  mixtuie. 
This  being  done,  a  neutral  standard  solution 
of  silver  nitrate  is  dropped  in  from  a  burette 
1  until  the  cloud  of  silver  chloride  which  appears 
I  locally  from  the  first,  by  addition  of  the  last 
I  drop  of  reagent,  has  become  permanent  on 
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stimnR— i.e.  until  the  reaction  2NCK  +  Ag(N0j 
orCl)  =  K(N03  or  Cl)  +  AgK(NC)  has  just  been 
accomplished.  From  this  e(iuation  it  is  easily 
calculated  that  6-283  grams  of  pure  silver  nitrate, 
dissolved  in  water  and  diluted  to  1,000  c.c,  gives 
a  solution  of  which  1  c.c.  corresponds  to  2  milli- 
grams of  real  NCH. 

A  pure  aqueous  solution  of  hydrocyanic  acid 
is  subject  to  a  peculiar  kind  of  (as  it  appears) 
absolutely  spontaneous  decomposition,  which 
involves  the  formation  of  richly  carboniferous 
dark-coloured  products.  This  decomposition, 
wliich  sets  in  even  in  the  absence  of  light  and 
air,  is  greatly  retarded  by  the  presence  of  small 
proportions  of  hydrochloric  or  sulphuric  acid. 
The  anhydrous  acid,  if  pure,  is  not  liable  to  a 
similar  change. 

Cyanogen  (Germ.  Cyan)  (NC).^  was  discovered 
by  Gay-Lussac.  It  is  prepared  by  heating  per- 
fectly dry  mercuric  cyanide  in  a  retort  or  tube 
made  of  hard  glass, when  the  cyanide  breaks  up 
into  metal  and  cyanogen,  which  latter  always 
suffers  partial  polymerisation  into  (non-volatile) 
paracyanogen.  The  cyanogen  comes  off  as  a 
gas  characterised  by  a  peculiar  pungent  smell 
and  an  irritating  action  on  the  nose  and  eyes. 

It  is  readily  inflammable  and  burns  with  a 
peach-blossom  coloured  flame  into  carbonic  acid 
and  nitrogen.  If  jjassed  through  a  glass  tube 
kept  at  —30^,  it  condenses  into  a  colourless 
li(iuid  which  according  to  Bunsen  exhibits  the 
following  vapour-tensions  : 


-  20-7° 
10° 
0' 


1  Atm. 

1-  S5  „ 

2-  7  „ 


+  10" 
ir>  '  , 

2.r . 


3-  8  Atm. 

4-  4  „ 

5-  0  „ 


Water  absorbs  about  i-o  times  its  volume  of 
cyanogen  gas,  alcohol  23,  and  ether  5  times  its 
volume.  The  solutions  on  standing  soon  become 
dark-coloured,  and  then  contain  ammonium 
oxalate,  ammonium  carbonate,  prussio  acid, 
urea,  and  numerous  other  products.  A  piece  of 
potassium  or  sodium,  if  heated  gently  in  cyano- 
gen, readily  unites  with  the  gas  forming  alkaline 
cyanide.  A  solution  of  caustic  potash  absorbs 
it  with  formation  of  cyanide  and  cyanate,  just 
as  chlorine  forms  chloride  and  hypochlorite. 
Cyanogen  gas  is  highly  poisonous. 

Mercuric  cyanide  Hg(NC)o  is  easily  prepared 
by  dissolving  mercuric  oxide  in  aqueous  hydro- 
cyanic acid  and  evaporating  to  crystallisation. 
It  forms  colourless  anhydrous  crystals,  soluble  in 
eight  times  their  weight  of  cold  water.  This 
salt,  for  a  simple  cyanide,  possesses  an  extra- 
ordinary degree  of  stability  in  presence  of 
water  ;  its  solution  remains  unchanged  on  boil- 
ing, nor  is  it  changed  visibly  on  addition  of 
caustic  potash.  This  explains  why  most  heavy 
metallic  cyanides,  including  ferrocyanides 
amongst  others,  when  boiled  with  water  and 
oxide  of  mercury,  suffer  decomposition  with 
elimination  of  the  cyanogen  as  mercury  salt,  and 
of  the  heavy  metal  as  oxide  or  hydroxide. 
Scheele's  method  for  making  mercuric  cyanide 
out  of  Prussian  blue  may  be  quoted  as  an  illus- 
tration. 

Potassium  cyanide  K(XC).  This  salt  might 
be  produced  directly  from  nitrogenous  animal 
matter  by  means  of  potassium  carbonate  in  an 
impure  state,  but  its  purification  would  present 
insuperable  difficulties.    In  the  present  practice 


it  is  always  made  from  yellow  prussiate  of 
potash.  In  theory  the  simplest  method  is  to 
first  dehydrate  the  salt  and  then  to  heat  it  to 
redness  in  the  absence  of  air;  the  4(NC)K  as- 
sume the  form  of  fused  potassium  cyanide,  the 
1'\>(NC)._,  is  decomposed  with  formation  of  nitro- 
gen (cyanogen?)  and  a  black  infusible  solid 
which  used  to  be  looked  upon  as  carbide  of  iron, 
but  according  to  Terrell  (Bib.  38),  is  rather  a 
complex  mixture.  The  percentage  comj)osition 
of  a  specimen  analysed  by  Terrell  was  :  Iron  pre- 
sent as  such  32'0,  iron  as  Fe.,0|  27'<),  free  carbon 
27-5,  carbon  combined  with  iron  1-17,  carbon  as 
No  0'24,  nitrogen  0'30,  potassium  0'8,  oxygen 
0'5.'  If  the  fused  mass  be  allowed  to  stand 
for  a  sufficient  time  at  a  temperature  above  its 
freezing  point,  the  black  compound  settles,  so 
that  the  fused  cyanide  can  be  decanted  off. 
Unfortunately,  however,  the  precipitate  in  many 
cases  settles  so  very  slowly  that  in  practice 
some  of  it  must  be  allowed  to  pass  into  the 
decantate.  At  first  sight  it  would  suggest  itself 
to  extract  the  cyanide  from  the  fuse  by  means  of 
water,  but  this  is  not  practicable  without  re- 
generating part  of  the  prussiate  by  the  action  of 
the  cyanide  solution  on  the  ferrous  precipitate. 
Nor  will  it  do  to  use  alcohol  as  a  solvent,  because 
an  alcohol  strong  enough  to  preclude  re-genera- 
tion of  prussiate  dissolves  potassium  cyanide 
only  very  sparingly.  Moreover,  a  pure  solution 
of  the  salt  cannot  be  evaporated  to  dryness 
unilecomposed.  A  solution  of  potassium  cyan- 
ide indeed  smells  of  prussic  acid,  which  proves 
that  it  contains  free  KHO  and  NCH  side  by 
side  ;  on  evaporation  the  prussic  acid  is  evolved 
and  a  further  instalment  of  salt  is  decom- 
posed, so  that,  ultimately,  a  considcralilc  quan- 
tity of  caustic  potash,  or  rather  carbonate  (by 
the  action  of  the  atmosphere)  is  produced. 
There  is  only  one  metliod  for  preparing  pzn-e 
potassium  cyanide.  We  must  prepare  a  strong 
alcoholic  solution  of  pure  caustic  potash,  and 
pass  anhydrous  or  nearly  anhydrous  hydrocyanic 
acid  vapour  into  it.  The  cyanide  then  comes 
down  as  a  crystalline  jirecipitate.  This  method 
was  worked  out  long  ago  by  Wiggers  for  labora- 
tory purposes.  L.  Knaffl  (Bib.  39)  recommends 
it  for  the  manufacture  of  the  salt.  Two  parts  of 
caustic  potash,  '  containing  4  equivalents  of 
water,'  are  dissolved  in  10  parts  of  alcohol  of 
'  1)0'^ ' ;  on  the  other  hand,  4  parts  of  prussiate 
are  distilled  with  the  (cooled)  mixture  of  3 
parts  of  oil  of  vitriol  and  7  of  water,  and  the 
hydrocyanic  acid  vapour  is  passed  into  the 
alkali-solution.  The  crystalline  precipitate  is 
collected  on  a  cloth  filter,  washed  two  or  three 
times  with  90^  alcohol,  and  squeezed  in  a  press. 
It  is  then  dried  slowly  but  completely  at  a  gentle 
heat.  At  last  the  dry  salt  is  fused  by  putting  it, 
in  instalments,  into  an  iron  crucible,  previously 
heated  to  dull  redness  in  a  charcoal  tire.  The 
crucible,  before  use,  must  be  made  smooth  inside 
by  means  of  a  lathe,  and  the  fusion  must  be 
continued  until  a  sample  of  the  fused  mass,  as 
lifted  out  with  a  hot  iron  spiatula,  is  white  and 
transparent.  The  fused  mass  is  then  poured  out 
into  a  smooth  iron  basin,  broken  up  and  at  once 
transferred  to  well  -  stoppered  bottles.  The 

'  An  aiiiilysis  by  Dyson,  carried  out  in  Professor 
Tliorpe's  laboratory  some  time  ago,  gave  similar  results, 
(Private  commuuicatiou.l 
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Icalium  cyanatnm  piirissimuyn  of  commerce  is 
probably  all  made  in  this  manner. 

The  ordinary  commercial  preparation  is  a 
mixture  of  cyanide  with  cyanate  and  other 
impurities.  It  is  made  by  mixing  8  parts  of 
anhydrous  yellow  prussiate  with  3  parts  of 
anhydrous  potassium  carbonate,  projecting  the 
mixture  into  a  red-hot  iron  crucible  and  con- 
tinuing the  application  of  heat  until  the  con- 
tents are  in  a  state  of  tranquil  fusion  and  a  drop 
taken  out  by  means  of  a  hot  wire  is  clear  and 
transparent.  The  reaction  is  as  follows : 
(NC),;Fe.K^  +  K.,CO, 

=  Fe  +  C0,+  (NCO.K-f  5NCK,  the  product). 
As  the  iron  in  this  case  assumes  the  form  of 
metal,  it  settles  more  readily  than  the  '  carbide ' 
produced  in  the  fusion  of  unmixed  prussiate 
does,  and  a  clear  salt  is  more  easily  obtained  by 
decantation.  This  way  of  making  potassium 
cyanide  is  usually  credited  to  Liebig,  but  it  was, 
we  believe,  invented  by  F.  and  E.  liodgers  (Bib. 
40). 

Eudolf  Wagner  proposes  to  substitute  sodium 
carbonate  2  parts  for  the  3  parts  of  potassium 
salt,  and  in  a  later  communication  he  recommends 
the  addition  of  0'5  part  of  powdered  charcoal, 
which  latter  is  probably  intended  to  reduce  the 
cyanate.  The  advantages  claimed  for  the  modi- 
fication are  the  lower  price  of  the  sodium  salt, 
that  the  mass  fuses  more  readily,  and  the  iron 
settles  more  promptly  than  it  docs  in  the  original 
process.  That  part  of  the  alkali-metal  is  sodium 
instead  of  potassium  is  of  course  no  objection 
technically  (Bib.  41,  42). 

Erlenmeyer  (Bib.  42)  prepares  cyanide  free 
from  cyanate  by  fusing  anhydrous  prussiate  with 
the  calculated  proportion  of  metallic  sodium. 

Potassium  cyanide,  as  obtained  by  synthesis, 
crystallises  in  colourless  transparent  cubes.  The 
ordinary  fused  salt  looks  like  glazed  porcelain. 
It  fuses  at  a  dull  red  heat :  at  a  white  heat  it  is 
volatilised,  undecomposed  if  air  and  vapour  of 
water  are  absent.  At  a  red  heat,  contact  with 
dry  air  produces  cyanate,  and  vapour  of  water 
forms  (more  quickly)  ammonia,  carbonic  oxide, 
and  potassium  carbonate. 

2(NC)K  +  4H,0  =  2  NIL,  +  CO  -(-  K.CO,.  +  H,. 

I'otassium  cyanide  dissolves  very  largely  in 
even  cold  water,  the  solution  is  strongly  alkaline 
to  test-paper,  and  smells  of  prussic  acid  (vide 
supra).  When  heated  to  boiling  it  is  said  to 
give  off  ammonia  with  formation  of  formate, 
(N'CK  +  2H,0  =  NR,  +  II.C00K)  but  the  writer's 
laboratory  experience  causes  him  to  doubt 
whether  formate  is  produced  at  all  largely  ;  at 
any  rate  lie  endeavoured  in  vain  to  prejjare 
formate  in  this  manner.  If  ammonia  is  evolved 
from  hot  solutions  of  potassium  cyanide,  this 
is  probably  due  to  the  presence  of  cyanate. 
Dilute  acids,  even  acetic  (also  carbonic  to  a  cer- 
tain extent)  decompose  the  salt  readily  with 
formation  of  hydrocyanic  acid.  Concentrated 
sulphuric  and  hydrochloric  acids  act  similarly, 
only  the  NCH  produced  is  at  once  decomposed 
with  formation  of  ammonia-salt  and  formic  acid 
or  carbonic  oxide. 

Potassium  cyanide  is  used  in  the  laboratory 
as  a  dry-way  reducing  agent  (for  the  conversion 
ot  heavy  metallic  oxides  and  sulphides  into 
metals),  and  in  the  wet  way  as  a  metal  precipi- 
tant.   It  used  to  be  employed  largely  in  photo- 


I  graphy  as  a  solvent  for  silver  salts.  Its  most 
important  technical  application  nowadays  is 

I  the  preparation  of  certain  heavy  metallic  double 
cyanides,  which  are  used  in  electro-plating,  and 
of  which  the  most  important  are  dealt  with  in 
the  following  section.  Potassium  cyanide  and 
all  the  double  cyanides  escejit  yellow  and  red 
prussiate  and  (presuniabh/)  cobalticyanide  of 
potassium  are  intensely  puisonous. 

Metallocyanides  of  potassium. 

Gold  salt.    Gold  leaf  dissolves  in  potassium 
cyanide  solution  in  the  presence  of  air  as  auro- 
cyanide  AuK.(NC)..,  one  half  of  the  potassium  of 
the  original  salt  being  converted  into  hydroxide 
(Eisner).'    A  method  of  preparation  is  the  follow- 
ing: 7  parts  of  gold  are  dissolved  in  aqua  rcriia, 
the  solution  is  precipitated  by  ammonia,  and  the 
precipitate  (fulminating  gold),  after  having  been 
washed,  is  thrown  into  a  hot  solution  of  6  parts  of 
potassium  cyanide  without  separating  it  from  the 
filter.    The  fulminating  gold  dissolves  at  once 
:  with  evolution  of  ammonia,  and  the  filtered  liquor, 
I  if  not  too  dilute,  deposits  on  cooling  colourless 
'  crystals  of  the  double  salt,  which  are  easily 
purified  by  recrystallisation.    The  mother-liquoi", 
which  contains  large  quantities  of  potassium 
carbonate  and  chloride,  yields  no  pure  crystals 
I  on  evaj)oration.    To  work  it  uji,  evaporate  it  with 
i  excess  of  hydrochloric  or  nitric  acid  to  drj-ncss 
j  over  a  water-bath  and  wash  the  residue  with 
j  water  in  the  dark.    Yellow  aurous  cyanide  AuNC 
I  remains.    Dissolve  77  parts  of  this  salt  in  a  solu- 
tion of  23  parts  of  potassium  cyanide.  According 
to  Eisner,  a  solution  good  enough  for  electro- 
plating can  be  obtained  as  follows.   A  neutral 
solution  of  gold  terchloride,  derived  from  2s parts 
of  metal,  is  precipitated  by  addition  of  210  parts 
of  magnesia  suspended  in  water.  The  precipitate 
of  magnesia  aurate  produced  is  washed  on  a 
^  filter  with  water,  and  the  magnesia  is  dissolxcd 
out  with  nitric  acid.    The  washed  gold  oxide  is 
dissolved  in  a  solution  of  500  parts  of  yellow 
prussiate  in  4,000  parts  of  water. 

From  a  solution  of  auro-cyanide  the  gold 
cannot  be  precipitated  by  sulphuretted  hydrogen, 
but  metallic  zinc  gradually  brings  it  down  as 
metal.  A  good  quantitative  method  is  to  evapo- 
rate the  solution  over  litharge  to  dryness,  to  fuse 
i  the  residue  after  addition  of  potassium  cyanide, 
and  to  cupel  the  regulus,  preferably  after  addition 
of  a  little  silver.  The  resulting  gold-silver  bead 
I  is  'parted'  with  nitric  acid. 
I  Silver  salt.  Silver  cj'anidc  dissolves  readily 
in  solution  of  potassium  cyanide.  The  hot  solu- 
tion, if  suflicieutly  strong,  deposits  colourless 
crystals  of  the  salt  AgK(NC).^  on  cooling.  For 
electro-platers'  purposes  a  solution  of  potassium 
cyanide  containing  100  grams  of  the  salt  per 
litre  is  saturated  with  I'ccently  precipitated  silver 
cyanide,  and  the  filtered  solution  is  mixed  with 
its  own  volume  of  potassium  cyanide  solution. 
I  Copper  salts.  Cuiiric  cyanide,  as  produced  by 
the  addition  of  potassium  cyanide  to  cupric 
sulphate,  readily  breaks  up  into  cyanogen  and 

'  Messrs.  John  S.  MacArtliur,  R.  W.  Forrest,  and  \Vm. 
Forrest,  of  Glasgow,  having  found  that  even  very  dihite 
solutions  of  the  re-agent  act  on  finely  divided  gold  with  a 
surprising  degree  of  promptitude,  have  based  upon  this 
reliction  a  process  for  the  extraction  of  gold  from  gold  ores 
(British  patent,  18S7,  No.  M,171). 
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cuprous  cyauiilc,  wliicli  latter  makes  its  appear-  [ 
ance  as  a  white  precipitate.    Cuprous  cyanide 
dissolves  in  solution  of  potassium  cyanide  with 
formation  of  compounds  of  the  two  cyanides,  of 
wliich  latter  the  following  two  are  best  known  : 

(1)  A  prismatic  salt,  Cu,(NC),.2K(NC)  ;  this  salt, 
by  the  action  of  water,  is  decomposed  with  elimi- 
nation of  cuprous  cyanide  and  formation  of  the  salt 

(2)  Cu,(NC),.6K(NC)  which  forms  rhombohedral 
crystals.  Both  salts  are  colourless.  A  solution 
available  for  electro-coppering  may  be  prepared 
by  first  producing  a  washed  precipitate  of  cuprous 
oxide  and  then  dissolving  it  in  solution  of  potas- 
sium cyanide. 

Ferro-  and  ferri-  cyanides  of  iron. 

Ferrous  cyanide  FcCy.^,  and  ferric  cyanide 
FeCy^  can  hardly  be  said  to  be  known.  A  com- 
pound of  the  two  of  the  empirical  composition 
Fe,Cy,j  was  prepared  lately  by  E.  J.  Reynolds 
(lido  s)ipra).  A  variety  of  ferro-  and  ferri- 
cyanides  of  iron  or  of  iron  and  alkali  metals  can 
be  produced  by  the  interaction  between  solutions 
of  ferro-  or  ferri-cyanide  of  potassium  on  the  one 
hand,  and  iron  salts  generally  on  the  other. 

1.  Fcrrocijanide  and  fi'rrous  salt.  If  potas- 
sium ferrocyanide  be  poured  into  an  excess  of 
solution  of  ferrous  chloride  (or  sulphate),  a  white 
precipitate  is  laroduced  which  is  generally  as- 
sumed to  be  identical  with  '  Everitt's  salt,' 
Cy^Fe.FeK,  (v.  supra)?  Whether  or  not,  its 
behaviour  to  atmospheric  oxygen  and  oxidising 
agents  generally  is  similar  to  that  of  Everitt's 
salt.  The  exact  nature  of  the  blue  body  produced 
on  exposure  of  either  of  the  two  bodies  to  the 
air  has,  we  believe,  never  been  ascertained ;  the 
change  produced  in  Everitt's  salt  proper  by 
nitric  acid  has  been  studied  by  Wiiliamson,  who, 
as  we  had  already  occasion  to  state,  found  that 
it  consists  in  the  first  instance  in  the  elimination 
of  half  of  the  potassium  as  nitrate,  and  the  con- 
sequent formation  of  an  insoluble  blue  substance 
which  we  will  designate  as  '  Williamson's  blue.' 
Williamson's  blue  is  a  ferricyanide  of  ferrosum 
and  potassium  Cy^fe.FeK.  Boiling  solution  of 
yellow  prussiate  of  potash  reconverts  it  into 
Everitt's  salt  with  fonnation  of  red  prussiate. 
Williamson's  blue  forms  after  drying  a  magnifi- 
cent violet-blue  powder,  insoluble  in  water  and 
in  dilute  acids.  A  suspension  of  it  in  water 
appears  green  in  transmitted  light. 

2.  Ferricyanide  {of  jMtassium)  and  ferric  salt 
solutions,  when  mixed  together,  give  an  intense 
brown  liquid  which  is  generally  supposed  to 
contain  ferric  ferricyanide,  which  of  course  is 
isomeric  if  not  identical  with  ferric  cyanide, 
FeCy.,.  On  addition  of  reducing  agents  the  so- 
lution becomes  blue,  and  may  deposit  blue  pre- 
cipitates. 

3.  Ferrocyanide  and  ferric  salt,  or  ferri- 
cyanide and  ferrous  salt.  If  the  iron  salt  is  in 
excess  over  the  prussiate,  either  combination 
leads  to  the  formation  of  a  dark-blue  precipitate 
insoluble  in  water  and  in  cold  mineral  acids, 

'  Mr.  Frank  Lyall,  when  a  student  in  my  laboratorj', 
tried  to  test  tlie  assumption  synthetically,  i.e.  by  mixing 
known  quantities  of  the  co-reagents  as  standard  solutions 
in  a  tai'ed  flask,  allowing  the  precipitate  to  settle,  in  the 
absence  of  air,  and  analysing  aliquot  parts  of  the  decantate. 
The  solutions,  before  being  mixed,  were  fi'eed  from  their 
absorbed  air  by  boiling,  but  mixed  cold,  and  in  all  cases  an 
excess  of  ferrous  s.alt  ( FeSO^)  was  used.  The  results  were 
in  accordaucc  with  the  assuniptiou. 


and  in  both  cases  the  reaction  consists  in  this, 
t'aat  the  whole  of  the  potassium  of  the  prussiate 
is  replaced  by  its  equivalent  of  ferricum  or  ferro- 
sum respectively.  From  yellow  prussiate  we 
obtain  '  Prussian  blue  '  CyBFe.fet  or  Cy,sFe;,.fe|. 
From  red  prussiate  we  obtain  '  TurnbuU's  '  or 
rather  Gmelin's  blue  Cy,,fe.Fe.|  or  Cyjofeo.Fej. 
These  facts  were  ascertained  long  ago  by 
Williamson,  and  accepted  universally  as  correct, 
until  Heindel  threw  out  the  conjecture  that  ordi- 
nary Prussian  blue,  as  prepared  from  ferrous  salt 
and  yellow  prussiate,  with  the  help  of  oxidising 
agents,  might  be  identical  with  TurnbuU's  blue. 
Heiudel's  presumption  could  not  reasonably  be 
assumed  to  hold  for  Prussian  bine  properly  so 
called  ;  yet  the  generally  adopted  formulffi  of  the 
two  blues  stood  in  need  of  confirmation,  and  it 
was  probably  this  consideration  which  caused 
E.  J.  Keynolds  to  examine  into  the  matter  (C.  .J. 
Trans.  1887,  641).  He  prepared  solutions  of 
hydrogen  ferrocyanide  and  ferricyanide,  and  pre- 
cipitated them  with  ferric  chloride  and  ferrous 
sulphate  respectively.  The  two  acids  were  pre- 
jjared  from  the  lead  salts  by  means  of  air-free 
dilute  sulphuric  acid ;  the  iron-salt  solutions 
likewise  were  freed  from  air  before  use  and  the 
precipitation  conducted  in  an  atmosphere  of 
carbonic  acid.  Both  precipitates  were  dried  in 
vacuo  over  oil  of  vitriol,  and,  in  the  dry  sub- 
stances, the  iron  and  the  carbon  were  determined. 
The  ratios  (iron  :  carbon)  found  were  in  perfect  ac- 
cordance with  the  formula  Cyi.F'e^ and CyisFe,  re- 
spectively. In  well-dried  samples  the  percentages 
of  water  were  in  approximate  accordance  with 
the  formula Fe,Cy,s  +  imp,  and Fe^Cy,.,  +  12H,0 
respectively. 

Prussian  blue,  if  pressed  before  being  dried, 
occurs  in  the  shape  of  compact  pieces,  which 
are  intensely  blue,  but,  when  rubbed  against 
a  smooth  hard  surface,  assume  a  coijpery 
lustre,  as  indigo  does.  The  compound  is  ijroof 
against  the  action  of  cold  aqueous  acids 
generally,  but  very  dilute  solution  of  oxalic 
acid  dissolves  it  largely  into  an  intensely  blue 
lii|uid,  which  used  to  be  employed  as  a  blue 
ink,  but  which  is  now  superseded  by  the  aniline 
blues.  It  is  soluble  also  in  solution  of  am- 
monium tartrate.  If  suspended  in  water  and 
treated  with  chlorine,  it  becomes  green ;  the 
solution  contains  ferric  chloride.  The  original 
blue  colour  is  restored  on  washing  with  water. 
Cold  concentrated  sulphuric  acid  unites  with 
Prussian  blue  into  a  white  paste  without  evolu- 
tion of  gas  ;  on  addition  of  water  the  original  blue 
is  re-generated.  Concentrated  hydrochloric  acid 
decomposes  Prussian  blue  slowly  with  formation 
of  ferrocyanic  acid,  which  latter,  on  the  applica- 
tion of  heat,  suffers  its  characteristic  decomisosi- 
tion  {v.  supra).  Aqueous  caustic  piotash  and 
soda  decompose  Prussian  blue  very  readily  with 
elimination  of  the  extra-radical  iron  as  ferric 
hydrate  and  formation  of  yellow  prussiate  of 
alkali.  Alkaline  carbonates  act  similarly  but 
less  energetically.  A  tissue  dyed  with  Prussian 
blue,  i.e.  the  blue  substance  derived  from  prussic 
acid,  loses  its  colour  on  prolonged  exposure  to 
sunlight,  but  gradually  regains  it  in  the  dark. 
In  a  vacuum  Prussian  blue  is  not  changed  by  the 
light.  Dry  Prussian  blue,  if  heated  in  the  air, 
burns  like  tinder,  and  leaves  an  ash  containing 
both  oxides  of  iron. 
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TurnhiilVs  bine  resembles  Prussian  blue,  but 
its  colour  is  lighter,  and  almost  free  from 
cupreous  lustre.  When  heated  in  air  it  passes 
into  Prussian  blue  with  elimination  of  IFe 
in  eveiy  Fe|  ,Cy.,5as  oxide.  When  boiled  with 
caustic  potash,  it  exchanges  its  ferrosum  for 
potassium,  but  the  red  prussiate  and  ferrous 
hydrate  thus  produced  at  once  act  upon  more 
caustic  potash,  so  that  ultimately  potassium 
ferrocyanide  (only)  and  ferroso-ferric  oxide  are 
produced.  This  reaction  affords  a  means  for 
detecting  an  admixture  of  TumbuU's  in  Prussian 
blue. 

(4.)  Comhinations  (3),  with  excess  of  Prus- 
siate. It  has  long  been  known  that  the  blue 
precipitate  obtained  by  adding  ferric  salt  to  an 
excess  of  prussiate  is  not  Prussian  blue,  but 
differs  from  it  by  being  soluble  in  pure  water, 
though  insoluble  in  the  saltsolutions  within  which 
it  is  produced.  Eeindel  was  the  first  to  ascertain 
the  correct  composition  of  this  '  soluble  Prussian 
blue  '  as  it  used  to  be  called,  and  Scraub  subse- 
quently showed  that  the  blue  precipitate  ob- 
tained from  ferrous  salts  by  addition  of  excess 
of  red  prussiate  is  identical  with  the  one  de- 
rived from  ferric  salt  and  ferrocyanide,  and  that 
the  soluble  blue  behaves  towards  iron  salts  as  ex- 
plained below.  The  reaction  between  ferric  salt 
and  yellow  prussiate,  and  that  between  ferrous 
salt  aud  red  prussiate,  consist  both  in  this,  that 
in  every  molecule  (Cy„  &c.)  of  prussiate  an 
equivalent  quantity  of  potassium  is  replaced  by 
an  atom  of  ferricum  or  ferrosum  as  the  case 
may  be. 

I.  Cy.Fe.K,  +  feCl,  =  .3KC1  +  Cy.Fe.feK. 

II.  Cy,feK3  +  FeCl,  =  2KC1  h  Cy.fe.FeK. 

The  products,  from  their  formuhe  and  origin, 
would  appear  to  be  only  isomeric,  one  being  a 
ferrocyanide  of  ferricum  and  potassium,  the 
other  a  ferricyauide  of  ferrosum  and  potassium ; 
but  experience  shows  that  they  are  identical, 
and  that  both  are  entirely  different  from  Wil- 
liamson's blue,  although  they  agree  with  it 
in  elementary  composition.  If  soluble  Prus- 
sian blue  is  digested  with  either  kind  of  iron 
chloride,  the  potassium  goes  out,  and  its  place 
is  taken  by  an  equivalent  of  ferrosum  or  ferricum 
as  the  case  may  be.  In  the  former  case  the 
ultimate  product  is  Turnbull's  blue,  in  the  latter 
it  is  Prussian  1)1  ue. 

Turnbull's  blue  being 

Cyfc.Fe^  or  Cy,,ie.J.-^c,. 

Prussian  blue  being 

Cy„Fe.fe<,  or  Cy,sFe,.fe,. 
It  is  worth  while  to  note  in  passing  that  either 
blue  can  be  produced  from  yellow  or  from  red 
prussiate. 

Commercial  blues.  The  practical  colour- 
maker,  as  a  rule,  does  not  aim  at  the  production 
of  any  particular  ferro-ferricyanide  ;  all  he  cares 
for  is  to  produce  a  good  pigiuout  at  the  lowest 
possible  price.  On  account  of  the  latter  con- 
sideration Turnbull's  blue  nowadays  is  hardly 
ever  produced  expressly ;  it  comes  in  only  as  a 
by-product  in  the  manufacture  of  red  prussiate, 
being  the  best  thing  to  make  out  of  the  mother- 
liquors.  According  to  J.  G.  Gentcle '  the  best 
blues  are  obtained  by  precipitatmg,  in  the  first 
instance,  ferrous  salt  with  yellow  prussiate,  and 

'  Lelirbiich  tier  Fnrbciif.-ibrikation,  2ud  cditiou,  18S0 
(UrauuscUwe%  Vicwcg  &  Soliu). 


then  oxidising  the  precipitate.  For  the  manu- 
facture of  '  Paris  blue  '  (meaning  the  best  quality 
of  ferro-cyanogen  blue),  Gentcle  gives  the  fol- 
lowing directions  : — .50  kilograms  of  yellow  prus- 
siate are  dissolved  in  250  kilos,  of  boiling  water. 
On  the  other  hand,  45  to  42'5  kilos,  of  pure 
green  vitriol  are  dissolved  in  about  the  same 
quantity  of  water,  preferably  in  the  presence  of 
scrap-iron  to  prevent  formation  of  ferric  salt. 
After  the  solutions  have  cleared  they  are  run 
simultaneously  into  250  kilos,  of  water  con- 
tained in  a  tank  large  enough  to  accommodate 
the  whole.  The  whole  precipitate  produced  is 
allowed  to  settle  for  a  night,  and  then  collected 
on  a  cloth  filter.  It  should  form  a  smooth, 
greasy,  not  a  granular  paste,  and  be  substantially 
white ;  the  formation  of  a  blue  skin  can,  of 
course,  not  be  prevented.  As  soon  as  the  pre- 
cipitate has  drained  sufficiently  to  be  taken  off 
the  cloth  by  means  of  a  spatula,  it  is  ready  for 
the  operation  of  '  blueing,'  which  can  be  carried 
out  in  a  variety  of  ways.  The  oldest  method  is 
to  heat  the  paste  in  a  basin  to  boiling,  to  transfer 
it,  while  still  hot,  to  a  wooden  tub,  and  tlien  to 
add,  for  50  kilos,  of  yellow  prussiate  used,  2-'>-5 
kilos,  of  nitric  acid,  of  27^  Beaum6,  and  IS  kilos, 
of  sulphuric  acid  of  06°  Beaum<5.  The  order  in 
which  the  two  acids  are  added  is  of  no  conse- 
quence. This  operation  in  general  involves  the 
evolution  of  abundance  of  nitrous  fumes,  but 
while  in  some  cases  these  fumes  come  off  at 
once,  in  others  ihey  make  their  appearance  only 
after  several  hours'  standing.  In  the  presence 
of  an  excess  of  green  vitriol  the  fumes  always 
come  off  at  once.  '  A  precipitate  not  produced 
with  excess  of  green  vitriol  docs  not  effervesce 
with  the  acids,  and  never  gives  a  fiery  blue.' 
After  addition  of  the  acids,  the  whole  is  left  to 
itself  for  24  hours,  and  the  mass  is  then  trans- 
ferred to  a  larger  tank  containing  water,  with 
which  it  is  mixed  and  allowed  to  settle.  The 
prccii)itate  is  washed  thoroughly  by  deeantation 
with  cold  water,  i.e.  until  the  last  washings  give 
only  a  faint  turbidity  with  barium  chloride;  the 
more  completely  the  precipitate  is  washed,  the 
better  its  colour  after  drying.  The  washed  pre- 
cipitate is  collected  on  linen  filters,  in  which  it 
is  being  pressed  so  as  to  produce  thin  cakes, 
which  are  cut  up  into  cubes.  These  are  allowed 
to  dry  in  the  air,  and  then  dried  more  completely 
in  a  chamber  at  80^  to  40^.  The  more  sharply 
the  cubes  are  dried  the  better  their  lustre, 
which  is  cupreous.  From  the  quantities  of 
materials  given  3'J  to  39'5  kilos,  of  tiuishcd  blue 
are  obtained. 

■Another  mode  of  'blueing'  is  to  add  solu- 
tion of  ferric  chloride  instead  of  the  acids 
named.  The  mode  of  operating  ie  exactly  the 
same,  including  the  preliminary  heating  of  the 
paste  in  a  basiu.  The  addition  of  ferric  solution 
is  continued  until  the  application  of  reagents 
shows  that  the  liquid  contains  unchanged  ferric 
in  addition  to  ferrous  salts. 

Of  other  oxidising  agents  available  for  the 
oxidation  of  the  white  ferrous  ferrocyanide, 
chlorine,  according  to  Gcntelc,  is  one  of  the 
best.  Ho  prefers  to  use  the  chlorine  as  such. 
The  white  paste  is  transferred  to  a  wooden  tank 
and  diluted  with  water  and  a  few  pounds  of 
hydrochloric  acid  to  render  it  more  fluid.  Chlor- 
ine gas  is  then  passed  into  the  mass  as  fast  as 
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the  apparatus  will  yield  it.  The  clilorination  is 
continued  until  a  sample  of  the  filtered  liquid, 
when  mixed  with  yellow  i^russiate,  gives  a  dis- 
tinctly blue,  and  no  longer  a  pale-blue  precipi- 
tate. The  fully  chlorinated  precipitate  is  washed 
with  water  by  deeantation  as  usual. 

Some  manufacturers  use  hydrochloric  to- 
gether with  nitric  acid,  or  bleaching-powder 
along  with  hydrochloric  acid;  but  these  me- 
thods, according  to  Gentele,  offer  no  real  advan- 
tage over  the  one  in  which  chlorine  gas  is  used. 
Of  all  the  oxidising  agents  named,  chlorine, 
according  to  Gentele,  is  the  cheapest ;  but  it  j 
is  least  popular  with  colour-makers  because  it 
involves  the  setting  up  of  a  chlorine  evolution 
ajDparatus. 

From  tliese  descriptions  it  appears  clear  that 
'  Paris  blue  '  is  in  general  a  mixture  of  what 
IOC  called  '  Prussian  blue,'  Turnbull's  blue,  and 
Williamson's  blue,  and,  possibly,  other  cyanides 
of  iron.  The  pigment  which  in  (German)  com- 
vierce  goes  by  the  name  of  '  Prussian  blue,'  is 
'  Paris  blue '  mixed  with  starch,  heavy  spar, 
gypsum,  burned  and  finely  ground  kaoline,  or 
other  diluents.  The  white  admixture,  after 
having  been  ground  very  finely  by  itself,  is 
added  to  the  Paris  blue  paste,  and  along  with  it 
passed  through  a  colour-mill  repeatedly  until 
no  white  points  are  visible  in  a  sample  after 
drying.  Very  low  qualities  of  blue  are  often 
'  faced.'  This  is  done  by  making  the  dried  cubes 
rotate  in  a  cask,  charged  with  tine  dust  of  pure 
Paris  blue. 

Thiocyanates,  or  Ehodanides,  or  Sulphocyan- 
ides.  For  the  making  of  thiocyanates  in  the 
laboratory  yellow  prussiate  of  potash  generally 
serves  as  the  starting-point.    From  it 

The  potassium  salt  NCS.K  is  easily  produced 
by  the  following  process  due  to  Liebig.  An  inti- 
mate mixture  of  46  parts  of  i^erfectly  anhydrous 
prussiate  of  potash,  17  of  recently  ignited  po- 
tassium carbonate,  and  .32  of  sulphur  is  fused 
in  an  iron  crucible  until  the  evolution  of  gas 
ceases,  and  the  fused  mass  is  then  poured  out 
into  an  iron  tray.  The  mass  is  powdered  ' 
coarsely,  and  either  boiled  out  directly  with 
alcohol  and  the  salt  allowed  to  crystallise  out  of 
the  filtered  solution  on  cooling,  or  else  the  mass 
is  first  lixiviated  with  water,  an  impure  salt 
made  to  crystallise  out,  and  this  then  purified 
by  recrystallisation  from  alcohol.  Henneberg 
prefers  to  first  produce  a  hrpar  from  the  potas- 
sium carbonate  and  the  sulphur,  and  only  then 
to  add  the  prussiate. 

Potassium  thiocyanate  crystallises,  more 
readily  from  alcoholic  than  aqueous  solutions, 
in  long  striated  prisms  or  needles,  fusing  at 
101-2^  (Pott),  sp.gr.  =  1-886  to  1-906  (Bodeeker). 
Its  aspect  and  taste  are  similar  to  those  of  salt- 
petre. The  crystals  are  anhydrous  and  de- 
liquesce in  the  air.  100  parts  of  water  at  0° 
dissolve  177-2;  at  20°,  217-0  parts  of  the  salt, 
with  very  considerable  absorption  of  heat. 
According  to  Vogel  the  salt  is  a  narcotic  poison. 

Ammonium  thiocyanate  NCS.NH^  may  be 
prepared  from  the  potassium  salt  in  a  manner 
analogous  to  that  which  serves  for  the  produc- 
tion of  urea  from  potassium  cyanate,  i.e.,  by 
mixing  strong  solutions  of  potassium  thiocyanate 
and  ammonium  sulphate  (in  equivalent  propor- 
tions), allowing  the  potassium  sulphate  to  crys- 
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tallise  out,  evaporating  to  dryness  over  a  water- 
bath,  and  extracting  the  ammonium  thiocyanate 
with  alcohol.  Liebig  recommends  to  jorepare 
the  salt  by  digesting  ammonium  cyanide  solution 
with  one  of  yellow  ammonium  sulphide. 

Ammonium  thioci/anate  forms  colourless  leaf- 
lets which  are  easily  soluble  in  water  and  in 
alcohol.  100  parts  of  water  dissolve  122  parts 
of  the  salt  at  0°,  and  162  parts  at  20°.  If  133 
parts  of  the  salt  be  dissolved  in  100  of  water  at 
13°,  the  temperature  falls  to  - 10°  (Kiidorf)  ; 
sp.gr.  =  1-3075  at  13°  (Clarke).  Dry  ammonium 
thiocyanate  fuses  at  159°  (Reynolds) ;  if  kept  at 
this  temperature,  it  suffers  progressive  conver- 
sion into  its  isomer  thio-urea.  If  kept  at  190° 
for  twenty  hours,  the  thio-urea  loses  H.,S  and 
becomes  cyanamid  NG.NH„,  which  unites  with 
NCS.NHj  into  hydro-thiocyanate  of  guanidine 
CHN.(NH,),.CNSH. 

Ammonium  thiocyanate  is  used  in  the  labo- 
ratory as  a  test  for  ferric  iron,  and  as  a  pre- 
cipitant for  silver  (Volhard's  method  of  silver- 
titration). 

The  methods  which  we  gave  above  for  the 
preparation  of  the  salt  have  now  only  an  his- 
torical interest,  because  thiocyanate  of  ammo- 
nium has  come  to  be  made  industrially  by  means 
of  that  method  of  Gelis  which  we  have  had 
occasion  to  refer  to  before,  and  of  which  we 
stated  that  it  had  been  brought  into  more  work- 
able forms  by  Giinzburg  and  Tcherniao. 

Manufacture  of  Thiocyanates  according  to 
GiIlis'  method,  as  modified  by  Gunzbukg  and 
Tcherniao. 

Requisites. — (1)  A  pump  made  entirely  of 
iron,  as  used  for  the  production  of  cold  by  means 
of  ammonia  (b  in  fig.  4). 

(2)  A  series  of  autoclaves  of  wrought-iron 
tested  for  high  pressure.  Each  autoclave  is 
provided  with  an  agitator  with  paddles,  a  mano- 
meter, a  thermometer,  and  three  stopcocks  :  one 
for  letting  in  the  liquid  from  the  pump,  another 
for  letting  off  the  gases,  and  a  third  for  dis- 
charging the  contents.  The  autoclaves  are 
surrounded  by  steam  jackets  ;  they  communi- 
cate, each  by  a  system  of  pipes,  with  the  feeding 
pump  and  the  still.  In  the  manometers,  those 
parts  which  are  in  contact  with  the  gases  must 
be  made  of  iron  or  of  platinum,  they  must  each 
of  them  be  provided  with  a  tube  which  dips  into 
the  liquid,  or  else  they  soon  cease  to  give  correct 
readings  through  ammonium  sulphide  subliming 
on  the  membrane  or  curved  hollow  tube. 

(3)  A  still,  heated  by  means  of  a  close  spiral 
steam-pipe.  The  still  is  surmounted  by  a  cy- 
lindrical vessel  e  called  the  'deverseur,'  the  object 
of  which  is  to  catch  the  spray,  so  that  only 
vapour  and  gases  can  travel  on  through  f  and  g 
into  the  reservoir  h,  where  the  liquid  distillate 
accumulates,  f  is  a  coke-tower,  o  a  refrigerator  ; 
a  pump  serves  to  constantly  pour  liquid  over  the 
coke  in  f,  and  let  it  trickle  over  it  and  rain 
through  Or  into  h. 

(4)  A  gas-holder,  l,  of  about  15  cubic  metres 
capacity,  into  which  the  uncondensed  gases  pass 
from  H. 

All  the  apparatus  described  so  far  is  made  of 
iron,  except  the  spiral  pipe  of  the  still,  which 
consists  of  block  tin,  or  else  the  ammonium 
thiocyanate  solution  in  the  still,  as  soon  as  it 
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ceases  to  be  strongly  alkaline,  gets  contaminated 
with  iron.  But  to  obtain  solutions  which  are 
perfectly  free  from  iron  aluminium  must  be  used. 

Method  of  working. — By  means  of  a  feeding 
pump  the  autoclaves  are  charged  with  carbon 
di-sulphide,  ammonia  of  20  p.c,  and  a  certain 
proportion  of  aijueous  distillates  recovered  from 
l^rcvious  operations.  As  soon  as  an  autoclave 
has  received  its  charge,  the  inlet-stopcock  is 
closed,  the  agitator  set  in  motion,  and  the  steam 
turned  on  and  allowed  to  act,  until  the  thermo- 
meter of  the  autoclave  marks  100';  tho  steam 


is  then  stopped,  but  the  agitator  kept  going, 
until  the  manometer  indicates  a  pressure  of  15 
atmospheres;  the  reaction  is  now  at  an  end, 
and  the  liquid  is  ready  to  be  blown  over  into 
the  still. 

In  the  still  the  liquid,  which  is  a  solution  of 
ammonium  thiocarbamate  mixed  with  un- 
attacked  carbon  disulphido,  is  heated  to  10.5- 
110"  to  cause  the  thiocarbamate  to  break  up 
into  sulphuretted  hydrogen  and  ammonium  thio- 
cyanate,  which  latter  remains  in  the  still  in 
aqueous  solution :  the  volatile  products  make 
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their  way  through  the  scrubber,  refrigerator,  and 
condenser,  as  ah-eady  indicated;  the  water  and 
ammonium  sulphide  remain  almost  completely 
in  the  reservoir  u,  and  arc  thus  recovered.  Most 
of  the  surplus  carbon  disulphide,  however,  es- 
capes condensation.  Some  '20  p.c.  of  the  carbon 
disulphide  used  to  be  thus  lost,  until  it  was 
found  that  its  vapour  can  be  separated  very 
completely  from  the  gases  by  scrubbing  these 
with  oil.  Any  kind  of  fatty  oil  will  do  ;  but 
heavy  petroleum  is  the  cheapest  absorbent. 
Since  the  introduction  of  this  improvement  the 
yield  of  ammonium  tliiocyanate  has  been  brought 
up  to  9.5  p.c.  of  the  theoretical  amount. 

To  obtain  crystallised  ammonium  thiocyanate 
the  solution  remaining  in  the  still  is  evaporated 
at  125'  and  allowed  to  stand  in  wooden  tanks 
lined  with  tin.  If  the  salt  contains  ever  so 
little  iron,  it  becomes  red  in  the  air  and  unsale- 
able ;  but  the  iron  can  easily  be  removed  from 
the  solution  by  means  of  ammonium  sulphide, 
or  by  ammonium  hydrate  in  tlie  presence  of  air. 
The  filtiato  must  be  evaporated  in  a  tin  basin. 

Calcium  thiocyanate.  For  the  conversion  of 
the  ammonium  into  calcium  salt,  the  apparatus 
represented  in  (ig.  5  is  used.  It  consists  of  a 
cylindrical  upright  still  a,  heated  by  means  of  a 
worm,  and  inclosing  a  perforated  sheet-iron 


cylinder  for  the  lime.  The  still  is  provided  with 
a  thermometer  and  a  discharge-cock ;  it  com- 
municates (1)  with  a  froth-catcher,  e  ;  and  (2) 
through  it,  with  a  refrigerator  n,  terminating  in 
a  receiver,  kept  cool  by  a  worm  through  which 
cold  water  is  made  to  circulate. 

The  ammonium  thiocyanate  solution  hav- 
ing been  introduced  into  the  still,  and  the 
basket  been  charged  with  lime,  the  apparatus  is 
j  closed,  and  the  temperature  raised  quickly  to 
I  125°.  The  ammonia  distils  over  as  an  aqueous 
solution  of  about  20  p.c.  which  is  utilised  in  the 
syntlicticrtl  process,  while  the  still,  at  the  end  of 
the  operation,  contains  a  solution  of  calcium 
thiocyanate. 

Potassium  thiocyanate.  Tliis  salt  is  pre- 
pared from  the  oalcimu  salt  by  double  decompo- 
sition with  potussium  sulphate.  The  operation 
is  carried  out  in  open  cylindrical  iron  pots,  which 
are  heated  over  a  naked  Ih'e,  and  are  provided 
with  agitators;    A  boiling  concentrated  solution 
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of  a  little  more  tlian  the  calculated  quantity  of 
potassium  sulphate  is  first  prepared,  aud  the 
calcium  salt  is  then  added  in  instalments  with 
agitation,  the  mixture  being  kept  at  a  boiling  -heat. 
The  calcium  sulphate  separates  out  quickly  on 
standing ;  it  is  separated  from  the  liquor  by 
means  of  a  iilter-press.  A  small  quantity  of 
lime  which  the  liquor  retains  is  removed  by  pre- 
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cipitation  with  potassium  carbonate.  The  fil- 
tered solution  is  evaporated  at  125-'  and  allowed 
to  cool ;  it  deiJosits  the  whole  of  its  sulphate 
and  chloride,  so  that  nothing  but  pure  thiocyan- 
ate  remains  in  solution.  The  sohition  is  evapo- 
rated to  dryness,  and  the  dry  salt  fused  at  300° 
in  an  iron  basin,  to  be  ready  for  conversion  into 
prussiate  by  the  process  which  we  have  already 
described  (r.  sujira,  p.  G33). 

CvANiPEs  AS  By-products. 

Notable  quantities  of  cyanides  are  produced 
incidentally  in  the  following  industries  :  — 

The  Lcblanc  process.— In  the  black-ash  pro- 
cess the  necessary  carbon  is  always  used  in  the 
form  of  coal,  and  as  all  coal  contains  nitrogen, 
tlie  product  is  bound  to  contain  alkaline  cyanide, 
which,  in  the  process  of  lixiviation,  is  sure  to 
assume  the  form  of  prussiate,  because  there  is 
always  more  than  enough  of  that  alkaliferous 
iron  sulphide  which,  in  the  prussiate  i^rocess, 
effects  this  conversion.  The  proportion  of  cyano- 
gen in  black  ash  is,  of  course,  subject  to  con- 
siderable variation.  According  to  Nietzki,  there 
are  about  12  parts  of  alkaline  prussiate  and  6  of 
rhodanide  in  the  liquor  produced  from  10,000 
parts  of  black  ash.    Nietzki's  figures  refer  to  the 


case  of  sodium  carbonate.  In  the  ordinary  pro- 
cess for  the  recovery  of  the  sodium  carbonate 
the  cyanides  pass  into  the  ultimate  mother- 
liquor,  along  with  caustic  soda,  sodium  sulphidej 
&c.  Unfortunately  we  know  of  no  process  for 
eliminating  the  cyanogen  in  any  useful  form, 
which  would  not  involve  the  destruction  of  the 
caustic  soda.  It  pays  better  to  destroy  the 
cyanide  and  save  the  caustic  alkali. 

Manufacture  of  coal-gas. — As  a  matter  of 
experience  the  tar-water  produced  in  the  distil- 
lation of  coal  invariably  contains  a  small  quaiir 
tity  of  ammonium  thiocyanate  ;  and,  if  Laming's 
mass  be  used  for  the  purification  of  the  gas,  this 
mass  gradually  gathers  cyanogen,  partly  in  the 
form  of  thiocyanate.  There  is  no  difficulty  in 
accounting  for  its  formation.  The  vapour 
which  issues  from  the  retort  contains  ammonia 
and  carbon  disulphide.  The  ammonia,  being 
in  contact  with  red-hot  carbon,  yields  am- 
monium cyanide,  part  of  which  remains  in  the 
tar-water,  while  the  rest  goes  to  the  Laming 
purifiers,  to  be  converted,  part  into  calcium 
cyanide,  part  into  thiocyanate,  by  combina- 
tion with  the  sulphur  which  abounds  there. 
The  thiocyanate  of  the  gas-water  is  produced  by 
the  interaction  of  carbon  disulphide,  ammonia 
and  water. 

The  tar-water  is  used  for  the  manufacture 
of  ammonium  sulphate,  by  distilling  it  either 
alone  or  after  addition  of  lime,  and  passing  the 
vapours  into  an  excess  of  chamber-acid  {v. 
Ammonia).  In  the  former  case,  if  there  is  any 
ammonium  cyanide,  its  hydrocyanic  acid  passes 
into  the  ammonium  sulphate  liquors  and  is  lost ; 
in  the  latter  it  remains  in  the  residue  as  calcium 
salt.  The  thiocyanogen  in  either  case  remains 
in  the  residue,  as  ammonium  salt  or  calcium 
salt  respectively. 

A  great  number  of  patents  have  been  taken 
out  for  the  conversion  of  the  cyanogen  of  these 
compounds  into  commercially  valuable  products 
(Bib.  44-4H).  Of  these  schemes,  that  of  Gauthier- 
Bouchard  appears  to  us  the  most  plausible ;  a 
number  of  the  later  jiroposals,  indeed,  are  little 
more  than  modifications  of  it. 

The  Paris  gas  company  purify  their  gas  by 
passing  it  over  a  mixture  of  ferric  hydrate  and 
calcium  sulphate,  obtained  by  mixing  lime  and 
green  vitriol  and  exposing  the  mixture  to  the 
air.  A.  certain  proportion  of  saw-dust  is  incor- 
porated with  the  mixture  in  order  to  render  it 
more  porous.  The  ferric  hydrate  absorbs  the 
sulphuretted  hydrogen,  while  the  calcium  sul- 
phate fixes  the  ammonia.  The  ammonium 
sulphate  is  extracted  with  water ;  the  residue 
left  serves  as  the  raw  material  for  the  Gauthier- 
Bouchard  process.  The  first  step  is  a  prelimi- 
nary treatment  with  water,  which  extracts  some 
iron  tliiocyanate.  This  may  be  turned  into 
ammonium  salt  and  thence  into  prussiate,  by 
means  of  the  process  of  Gelis.  The  residues 
are  mixed  with  lime,  30  kilos  of  lime  for  every 
cubic  metre  (or  about  1,600  kilos)  of  lixiviated 
mass,  and  the  whole  is  subjected  to  a  systematic 
lixiviation  with  water.  The  residue  is  allowed 
to  weather  for  3  to  4  months,  and  then  again 
lixiviated.  The  liquors  obtained  contain  cal- 
cium ferrocyanide,  a  little  thiocyanate,  and  am- 
monia salts.  The  more  concentrated  liquors 
are  evaporated  to  obtain  crystals  of  calcimn 
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ferrocyanide,  which  is  converted  into  potassium 
salt.  The  weaker  solutions  are  worked  up  for 
an  inferior  quality  of  Prussian  blue.  This  pro- 
cess is  being  wrought  at  d'Aubervillers. 

The  great  dilliculty  in  connection  with  this 
matter,  obviously,  is  the  economic  conversion  of 
thiocyanate  into  prussiate,  or  cyanide.  Accord- 
ing to  A.  Sternberg  (Bib.  49),  soluble  thiocyanates 
can  be  de-sulphurised  in  the  wet  way,  provided 
that  the  conditions  for  the  formation  of  prussiate 
are  established.  He  mixes  the  solution  of  the 
rhodanidc  with  twice  the  calculated  quantities 
of  iron  filings  and  of  recently  precipitated 
ferrous  hydrate,  and  heats  the  mixture  to  110° 
to  120°  in  an  autoclave  provided  with  an  agitator. 
The  more  concentrated  the  rhodanidc  solution, 
the  quicker  the  change.  After  about  12  hours 
some  80  p.c.  of  the  rhodanidc  is  reduced. 
(For  further  infoniiation  see  the  source  quoted.) 

It  might  be  possible  to  utilise  Erlenmeyer's 
process  of  oxidation  for  the  conversion  of  thio-  I 
cyanates  into  cyanides.  Erlenmeyer's  perman- 
ganate, it  is  true,  would  be  too  expensive,  but 
presumably  manganese  dioxide  and  sulphuric 
acid  would  work  as  well.  From  the  mixture 
containing  sulphuric  and  hydrocyanic  acids, 
the  latter  might  be  distilled  into  caustic  potash 
ley,  holding  ferrous  hydrate  in  suspension,  and 
thus  be  converted  into  prussiate.  j 

Storck  and  Strobel  (Bib.  48a)  propose  to 
work  up  gas-water  thiocyanate  by  iirecipitating 
the  NCS  as  cuprous  salt,  washing  the  precipitate 
and  next  decomposing  it  with  baryta-solution  to 
obtain  barium  thiocyanate,  which  serves  as  a 
starting-point  for  the  pre^jaration  of  other  thio- 
cyanates. 

Tlie  process  of  iron  smclti7ig,  as  already  re- 
marked above,  involves  the  formation  of  large 
quantities  of  potassium  cyanide  which  might 
bs  recovered  (comp.  s«j;ra,  p.  632). 
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CYANINE  V.  QUINOLINE  coloumng  matteks. 
CYANOSINE  y.  Tkiphenylmethane  coLouiiiNG 

MATTERS. 

CYMENES.  CymoJs.  The  name  cymenc  was 
first  applied  to  the  hydrocarbon  (p-methylpro- 
pylbenzene)  isolated  by  Gerhardt  and  Cahours 
(A.  Ch.  [3]  1,  102  and  372)  from  Eoman  oil  of 
cumin,  which  is  the  ethereal  oil  of  Cumimim 
cymimtm.  Frequently,  however,  the  various 
benzene  hydrocarbons  of  the  formula  C|„H,,  are 
grouped  together  under  the  collective  name  of 
cyiiicncs.  No  fewer  than  22  of  these  are  theo- 
retically possible,  of  which  more  than  half  have 
been  prepared ;  but  only  the  most  important, 
namely,  cymeno  proper  (jj-methylpropylbenzene) 
and  the  tetramethylbenzenes,  can  be  described 
here. 

«-Methylpropylbenzene  {Cii)iicne) 
CH3.CH,.CH2.C,H,.CH,,(1,  4). 
Occurs  in  Eoman  oil  of  cumin  (Gerhardt  and 
Cahours,  I.e.) ;  in  the  volatile  oil  from  the 
seeds  of  the  water-hemlock  [Cicuta  virosa) 
(Trapp,  A.  108,  386)  ;  in  the  oil  from  Ptijcho- 
tis  ajowan  (H.  Mfiller,  B.  2,  130);  in  oil  of 
thyme  (Lallemand,  A.  102,  119)  along  with 
thymol  C|„HuO  and  thymene  C,oH|„;  and 
in  eucalyptus  oil  (from  Eucalyptus  globulus) 
(Faust  and  Hoineyer,  B.  7,  1429).  May  be  ob- 
tained from  camphor  by  abstracting  from  it  the 
elements  of  water  C,„H„;0  =  C,„H„ -f  H.,0  by 
heating  it  either  with  phosphorus  pentoxide 
(Dumas,  A.  Ch.  50,  226 ;  Delalande,  A.  Ch.  [3] 
1,  368)  or  with  phosphorus  pentasulphide  (Pott, 
B.  2,  121),  or  with  phosphorus  pentachloride 
(Lippmann  and  Louguinine,  Bl.  [2]  7,  374). 
Various  isomerides  of  camphor  yield  cymene 
by  the  same  treatment.  The  terpenes  C|„H,s 
may  be  converted  into  cymene  by  withdrawing 
two  atoms  of  hydrogen  :  this  may  be  effected  in 
the  case  of  oil  of  turpentine,  for  example,  by  dis- 
tilling it  with  bromine  (Oppenheim,B.  5,  94  and 
628),  or  better,  with  iodine  (Kekule,  B.  6,  437). 
Old  turpentine  generally  contains  cymene.  It 
has  been  obtained  synthetically  by  the  action 
of  sodiunr  on  a  mixture  of  ^j-bromotoluene  and 


normal  propyl  bromide  (Fittig,  Schiiffer  and 
Kunig,  A.  149,  334).  To  prepare  cymene,  cam- 
phor is  warmed  with  an  equal  weight  of  phos- 
jjhorus  pentoxide,  the  cymene  is  poured  off, 
treated  again  twice  with  a  little  phosphorus 
pentoxide,  and  finally  rectified  from  sodium. 
The  yield  varies  from  50  to  80  p.c.  (Fittica,  A. 
172,  307).— Liquid  boiling  at  175-4-176-5'-'  under 

749-5  mm. ;  sp.gr.  0-864"^**  (E.  Schiff,  A.  220,  94). 

With  chromic  acid  it  yields  terephthalic  acid 
C,H|(CO.H).j(l,  4) ;  with  potassium  permanga- 
nate hydroxyisopropylbenzoio  acid 

(CR,),,C(0H)C„H,.C0,H(1,  4). 
Taken  internally  it  reappears  in  the  urine  as 
oumic  Qj-isopropylbenzoic)  acid 

(CH,),CH.C,H,.C0,,H  (1,  4). 
In  both  these  last  cases  the  normal  propyl  group 
is  transformed  into  the  isopropyl  group.  This 
change  and  the  reverse  change  of  isopropyl  into 
propyl  are  very  common  with  the  para-cymene 
derivatives,  and  have  greatly  added  to  the  diffi- 
culty of  ascertaining  the  constitution  of  these 
compounds.  The  rule  is  that,  when  the  methyl 
group  in  the  para-position  to  the  propyl  group 
is  converted  into  CH,OH  or  CHO  or  CO.,H,  the 
propyl  group  changes  into  the  isopropyl  group, 
whilst  on  re-generating  methyl  from  these  oxy- 
genated groups  the  isopropyl  group  changes 
back  into  the  propyl  group  (cf.  Widman,  B.  19, 
254). 

Tetramethylbenzenes  : 

1.  Consecutive  tetrainclliylbeuznic  (Prclini- 
lenc)  C,H,(CH3),,  (1,  2,  3,  4).  Wlien  sodium 
durene-sulphonate 

C,H(CH,).,S03Na(CH,-groups  1,  2,  4,  5,  v.  infra) 
is  dissolved  in  concentrated  sulphuric  acid  and 
allowed  to  stand  for  twelve  hours,  prehnitene- 
sulphonic  acid  is  formed.  The  mixture  is  di- 
luted with  water,  saturated  with  barium  carbon- 
ate, the  barium  salts  converted  into  sodium 
salts,  and  these,  by  treatment  with  phosphorus 
pentachloride  and  ammonia,  transformed  first 
into  sulphonic  chlorides  and  then  into  sulphon- 
amides.  Prehnitenesulphonamide  is  separated 
by  means  of  its  sparing  solubility  in  alcohol, 
and  is  then  hydrolysed  by  heating  with  concen- 
trated hydrochloric  acid  to  170°,  when  it  yields 
Ijrehnitene  (Jacobsen,  B.  19,  1213).  Also  ob- 
tained by  heating  bromocumene  CjH,Br(CH3)3 
(CH„Br,CH3,CH3 :  1,  2,  3,  4)  with  methyl 
iodide,  benzene,  and  sodium,  in  a  sealed  tube  at 
150°  for  twelve  hours.- -Liquid  boiling  at  204° 
(cor.).  Solidifies  in  a  freezing  mixture  and 
melts  at  —4°.  Dilute  nitric  acid  oxidises  it  to 
prehnitylic  acid  C„H,(CH3)3CO,H. 

2.  Unsyminetrical  tetramethylbenzene 

0,H,,(CH3),  (1,  3,  4,  5). 
From  bromomesitylene  (v.  Cumenes),  methyl 
iodide  and  sodium  in  presence  of  benzene 
(Jannasch,  B.  8,  350).  Best  by  passing  methyl 
chloride  into  a  mixture  of  mesitylene  and 
aluminium  chloride  : 

C  H,,(CH3)3  +  CH3CI  =  C,H,.(CH3),  +  HCl 

'(1,3,5)  (1,3,4,5) 
(Jacobsen,  B.  14,  2629).— Liquid  boiling  at  195- 
197°.  Solidifies  in  a  freezing  mixture.  With 
dilute  nitric  acid  it  yields  three  isomeric  acids 
of  the  formula  C,;H,,('CH3)3CO,H ;  potassium  per- 
manganate ultimately  converts  it  into  mello- 
phanic  acid  C„H,(CO,H),  (1,  3,  4,  5). 
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Siiwnietrical  tetramclhylhenzene  (Diirene)  ' 
C,H..(CH3),  (1,  2,  4,  5).  Occurs  in  coal-tar 
(Schulze,  B.  18,  3032).  By  the  action  of 
sodium  on  a  mixture  of  bromopseudocumene 
C,H„(CH3)3Br  (1,  2,  4,  5),  methyl  iodide  and 
sodium  (Jannasch  and  Fittig,  Z.  1870,  IGl). 
From  toluene  and  methyl  chloride  in  presence 
of  aluminium  chloride  (Friedel  and  Crafts,  A. 
Ch.  [C]  1,  4G1).  Best  from  o-  or  j'-xylenc, 
methyl  chloride  and  aluminium  chloride 
(Jacobsen,    B.  14,    2G29).— Crystalline  mass, 


smelling  like  camphor.— Melts  at  79-80'  and 
boils  at  189-191°  (Jacobsen).  Yields  by  oxida- 
tion with  potassium  permanganate  finally  pyro- 
mellitic  acid  C,H.j(CO..ja),  (1,  2,  4,  5). 

F.  R.  J. 

CYMOLS  V.  CVMEN-ES. 

CYMOPHENOL  v.  CxMrnons. 

CYPRIAN  VITRIOL.    Copjyer  sitlj^hate  v. 

Corri:i:. 

CYTISINE  I'.  Vegeto-.vi,kaloids. 


D 

DAGUERREOTYPE  v.  Photographt. 
DAHLIA.    Syn.  Uofmann's  violet,  Privmla 

V.  TmPIIF.NYLjrETIIANE  COLOURING  SUITERS. 

DAMMARA  RESIN  v.  Besiks. 

DAMMARAN  v.  Resins. 

DAMMARIC  ACID  v.  Resins. 

DAMMAROL  v.  Resins. 

DAMMARONE  v.  Resins. 

DAMMARYL  v.  Rksins. 

DANDELION  ROOT.  Taraxaci  Radiv. 
{J'issoilit,  Fr. ;  Luwcmahmuurzcl,  Ger.)  The 
root  of  the  common  dandelion.  Taraxacum  offi- 
cinale (Wiggers ;  Bentl.  a.  T.  159),  is  used  in 
medicine  for  its  mild  laxative  and  tonic  pro- 
perties. It  is  administered  either  in  the  form  of 
expressed  juice  or  weak  spirituous  extract.  The 
roots  employed  should  be  collected  in  the  autumn. 
For  a  summary  of  the  earlier  chemical  examina- 
tions of  the  root,  see  Pereira  (Mat.  Med.  1853  [2] 
1574).  According  to  Kroiiiiiyer  (Ar.  Ph.  105,  6) 
there  separates  from  the  milky  juice  on  standing 
a  coagulum,  '  leontodonium,'  from  which  hot 
water  dissolves  a  bitter  substance.  The  bitter 
compound  is  removed  from  the  solution  by 
animal  charcoal,  from  which  it  is  extracted  by 
alcohol,  and  after  further  purification  constitutes 
the  taraxacin  of  Kromayer.  A  similar  taraxacin 
in  warty  crystals  had  been  previously  described 
by  Poles  (Ar.  Ph.  19,  50).  From  that  part  of 
the  coagulum  left  undissolved  by  the  water 
alcohol  extracts  crystalline  taraxaccriii  CJl,fi 
(Kromayer). 

Among  the  other  constituents  of  the  root 
are  inulin  (Frickinger,  R.  P.  23,  45,  Widemaun, 
R.  P.  43,  281 ;  Overbeck,  Ar.  Ph.  23,  240)  and 
Icvulin  (DragendortT,  Sachsse's  Farbstoffe,  125). 
Mannite,  wliich  hud  been  often  found  in  the  juice, 
was  shown  by  T.  a.  H.  Smith  not  to  pre-exist  in 
the  root  but  to  be  a  product  of  fermentation 
(Ph.  8,  480).  In  the  root  collected  in  October 
DragendorS  found  24  p.c.  of  inulin,  while  that 
collected  in  March  contained  only  1-7  p.c,  as- 
sociated, however,  with  17  p.c.  of  uncrystallisable 
sugar  and  19  p.c.  of  levulin.  The"  last  men- 
tioned compound  is  an  isomoride  of  inulin,  being 
distinguished  by  its  solubility  in  cold  water,  the 
sweetness  of  the  solution,  anil  by  the  absence  of 
any  action  on  polarised  light. 

The  leaves  and  stalks,  but  not  the  ro6t  of  the 
dandelion,  contain  inosite  (Marm6,  A.  129,  222). 

A.  S. 


DAPHNETIN  !•.  Resins. 
DAPHNIN  r.  (ii  rcsim-s  ;  also  Resins. 
DAPICHO  or  ZASPIS.    The  South  American 
name  for  the  caoutchouc  which  exudes  from  the 
roots  of  Siphonia  clastica. 

DARWINITE  i-.  Domeymte. 
DATHOLITE  ,  .  Datomte. 
DATISCA    CANNABINA.    Bastard  liemp. 
A  plant  found  in  Southern  Europe  and  in 
India,  the  leaves  of  which  are  used  for  dyeing 
silk.    The  colouring  matter,  datisca  yellow, 
is  a  pale  yellow-brown  translucent  mass,  soluble 
in  water  and  giving  a  permanent  yellow  to  cotton 
mordanted  with  alum.  The  roots  of  the  plant  con- 
tain a  colourless  glucoside,  datiscin  Co,H..,0|„, 
I  crystallising  in  silky  needles,  melting  at  180°, 
land  yielding  by  hvdrolysis   datiscetin  and 
glucose  C,,|H.„0,j=C,jH,„0,-t-CsH,..,0„ 

Datisoia       Datiscttiu     Gluco  e. 
Datiscetin  forms  colourless  needles,  almost 
insoluble  in  water  but  readily  soluble  in  alcohol 
and  ctlicr  (Stenhouse,  A.  98,  ICti). 
[      DATOLITE.  A  native  boro-sihcate  of  calcium, 
1  discovered  near  .\rendal,  in  Norway,  by  Esmark 
in  180(j.    It  derives  its  name  from  Sarfofrnt,  '  to 
divide,'  in  allusion  to  its  readily  breaking  with 
a  granular  fracture ;  Werner,  however,  incor- 
rectly sjielt  it  Datholith,  whence  it  has  been 
supposed  tliat  the  name  is  connected  with  8o9or, 
'  turbid,'  though  the  best-marked  varieties  are 
remarkable  for  their  transparent  vitreous  cha- 
racter. The  mineral  crystallises  in  the  monoclinic 
sj'stem,  but  occurs  also  massive,  and  a  variety 
from  Lake  Superior,  of  opaque  white  colour,  is 
I  so  compact  as  to  resemble  unglazed  porcelain. 
H.  =  5  to  5'5  ;  sp.gr.  2  8  to  3-4. 

Datolite  was  originally  analysed  by  Klaproth, 
and  the  boric  acid  was  tirst  determined  directlj' 
by  Stromeyer.  The  following  are  modern 
analyses  of  typical  varieties  : — 

I.        II.       in.  IV. 
SiO,        .  35-74    38-48    2(5  21  3()-99 
B..0\        .  22-GO    20-31    22  01    20  10 
Cad .       .  35-14    35-64    35  14  33-35 
H,0.       .    6-14     5-57     5-81  5-87 
I.  i'rom  Bergen  Hill,  New  Jersey  (Whitfield). 
II.  From  Andreasberg   (Rammelsberg).  III. 
From  Baveno  (Molinari).    IV.  From  Kugelbad 
(Preis). 

Datolite  is  occasionally  found  in  the  trap- 
I  rocks  of  Scotland,  especially  in  the  Kilpatrick 
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Hills.  The  finest  crystals  are  found  at  Bergen 
Hill,  N.  Jersey,  and  have  been  studied  by  E.  S. 
Dana  (Am.  S.  [3]  4,  16). 

It  occurs  in  veins  of  silver  ore  at  Andreas- 
berg,  in  the  Hartz  ;  in  granite  at  Baveno,  near 
Lago  Maggiore ;  in  serpentine  at  Monte  Catini 
in  Tuscany  ;  and  in  amygdaloidal  melaphyre  at 
Theiss  in  Tyrol,  and  many  other  localities.  A 
botryoidal  variety,  from  Arendal  in  Norway, 
containing  as  much  as  8'6  p.c.  of  water,  is  dis- 
tinguished as  Botri/olitc.  At  Haytor,  in  Devon- 
shire, a  rare  pseudomorph  was  formerly  found 
consisting  of  large  crystals  of  datolite  com- 
l")letely  replaced  by  quartz  :  this  mineral  is 
known  as  Haytoritc.  (For  an  exhaustive  de- 
scription of  datolite,  with  bibliography,  v.  O. 
Liidecke,  Ueber  Datolith  :  eine,  mineralogische 
Monograph,  Zeitschr.  f.  Naturwiss.  Halle  [4] 
7,  1888,  23.5-403).  F.  W.  II. 

DATURA  STRAMONIUM.  Thorn  -  apple. 
{Stnwioinc,  Fr. ;  Stecltiipfel,  Ger.)  The  seeds 
and  leaves  of  Datum  Strainonmin  (Linn.)  are 
employed  in  medicine  for  their  sedative  and 
narcotic  properties.  The  former  are  adminis- 
tered in  the  form  of  tincture  or  solid  alcoholic 
extract,  and  the  latter  are  smoked  as  a  remedy 
for  asthma.  According  to  De  CandoUe  the 
plant  is  indigenous  to  the  neighbourhood  of  the 
Caspian  Sea,  whence  it  has  spread  throughout 
the  temperate  and  warmer  parts  of  the  world. 
(Fl.  a.  H.  2nd  ed.  459  ;  Bentl.  a.  T.  102). 

Like  other  drugs  derived  from  the  Solanacctr, 
the  physiological  action  of  datura  depends  upon 
the  presence  of  poisonous  alkaloidal  constituents. 
What  appeared  to  be  a  single  alkaloid,  '  daturine,' 
was  isolated  by  Geyger  (A.  7,  272).  Von  Planta 
(A.  74,  24G,  a.  252)  and  subsequently  Ladenburg 
(A.  206,  279)  and  Schmidt  (A.  208, 196;  Ar.Ph.22, 
329)  have,  however,  proved  that  '  daturine  '  is  a 
mixture  of  hyoscyaminc,  the  alkaloid  of  henbane, 
and  its  isomeride  atropine,  originally  obtained 
from  belladonna.  In  belladonna  atropine  was 
supposed  to  exist  together  with  liyoscyamine, 
but  it  has  been  observed  that  in  the  extraction 
of  the  alkaloids,  the  relative  proportion  of  the 
one  to  the  other  depends  upon  the  mode  of 
working.  With  greater  care  the  yield  of  hyos- 
cyamine  is  increased,  and  that  of  atropine 
dnninished,  and  it  is  possible  to  obtain  the 
whole  of  the  alkaloid  as  hyoscyamine.  This 
fact  has  been  investigated  by  W.  Will  (B.  21, 
1719)  who  finds  that  hyoscyamine  may  be  easily 
converted  into  atropine  by  the  action  of  alcoholic 
solutions  of  alkalis  or  by  heat  alone.  It  is 
probable,  therefore,  that  in  belladonna,  and 
possibly  also  in  datura,  hyoscyamine  only  is  pre- 
sent in  the  plant,  and  that  it  is  converted  more 
or  less  into  atropine  during  the  process  of  ex- 
traction (cf.  Schmidt,  B.  21, 1829  ;  Will  a.  Bredig, 
B.  21,  2777).  Ladenburg,  however,  questions 
this  view  (B.  21,  3065).  Datura  leaves  contain 
•02  p.c.  of  alkaloid,  and  leave  17  p.c.  of  ash  when 
burned.  The  seeds  yield  about  -1  p.c.  of  alkaloid 
and  a  quarter  of  their  weight  of  a  bland  fixed  oil. 

Other  species  of  datura  which  probably  de- 
pend for  their  activity  on  the  same  alkaloids  are 
D.  Tattila  (Linn.),  D.  alba  (Nees),  and  D. 
fastiiiiga  (Linn.).  A.  S. 

DATURINE  V.  Datura. 

DEAD  DIPPING.  The  process  of  producing 
a  pale  yellow  dead  surface  on  ornamental  brass- 


work.  The  brass-work,  after  tlic  final  stamping 
with  its  adhering  black  scale  from  the  annealing 
oven  is  placed  in  dilute  nitric  acid  until  the 
scale  is  detached,  when  it  is  removed  and 
washed  with  water.  It  is  next  plunged  into 
stronger  nitric  acid,  and  when  its  surface  is 
covered  with  minute  gas  bubbles  it  is  washed  in 
a  solution  of  argol  and  dried  in  hot  sawdust. 
I  DEAD  OIL.  The  higher  boiling  fractions  of 
shale-oil  from  which  the  greater  portion  of  the 
solid  paraffin  has  been  crystallised  out, 

DECATOIC  ACIDS  v.'Fattv  acids. 

DECHENITE  v.  VANAriuM. 

DECIPIUM  V.  Ceridii  metals. 

DECOIC  ACID  V.  Capric  acid,  art.  Fatty  Acids. 

DELTAPURPURIN  v.  Ay.o-  colourino 
matti:i:s. 

DELPHININE  i\  Vegeto-alk.aloids. 

DEPHLEGMATOR,  an  apparatus  used  in 
distilleries  for  freeing  alcohol  from  water 
{phlcrjma). 

DESCLOIZITE  v.  Vanadium. 

DEXTRAN  V.  Gums. 

DEXTRIN  m(C,H,„0,).  The  use  of  this 
term  should  be  now  confined  to  the  body  obtained 
by  the  action  of  diastase  on  starch-paste,  the 
preparation  of  which  we  shall  describe  below, 
and  to  those  substances  from  other  sources  which 
agree  in  chemical  and  physical  properties  with 
this  body. 

The  substances  known  in  England  as  dextrin 
or  dextrine,  British  gum,  starch  gum,  etc. ;  in 
France,  as  amidon  grille,  gomme  d'Alsace, 
leiogomme,  gommeline,  &c.  ;  and,  in  Germany, 

}  as  dextrin,  Stiirkegummi,  Kostgummi,  &c.,  ob- 
tained by  the  action  of  heat,  acids,  or  diastase 
on  starch  are  not  simple  bodies,  but  mixtures, 
one  of  the  constituents  of  which  may  be  dextrin, 
but  at  present  we  have  little  or  no  evidence  of 
its  presence  in  any  of  these  products.  There 
can  be  no  doubt,  however,  that  they  contain, 
besides   sugars   (copper   oxide    reducing  sub- 

I  stances),  bodies  closely  related  to  dextrin. 

I  Occurrence. — The  sap  of  plants  is  said  to 
contain  dextrin,  and  it  figures  in  the  published 
analyses  of  most  of  the  cereals  and  many  other 
seeds  ;  but  its  presence,  in  the  majority  of  cases, 
requires  confirmation.     The  Ijody  isolated  by 

1  Limpricht  (J.  18()5,  673)  from  horse-flesh,  pro- 
bably contains  dextrin,  but  the  optical  activity, 
as  given  by  him,  is  too  low  for  pure  dextrin. 
Keichardt  (Ar.  Ph.  [3]  5,  502)  found  it  in  the 
urine  of  diabetic  patients ;  this,  too,  is  a  doubtful 
source.    It  is  found  in  beer,  and  probably  in 

!  bread.  Braconnot  (A.  Ch.  12,  172)  tried  to  con- 
vert cellulose  into  dextrin.  We  have  no  evi- 
dence that  either  he,  or  those  who  followed  him 
— Vogel,  Berthelot,  or  Antlion — were  success- 
ful ;  in  fact,  we  know  little  of  the  nature  of  this 
product.  According  to  Musculus  (Bl.  [2]  18,  66 ; 
C.  R.  92,  528),  sulphoglucosic  acid  is  converted 
into  dextrin  by  the  action  of  strong  alcohol. 
Glycogen  yields  by  the  action  of  nitric  acid,  in 
the  presence  of  sulphuric  acid,  dinitro-glycogen, 
which,  upon  reduction  with  ammonium  sulphide, 
yields  dextrin  [ay]  =  194  (Lustgarten,  M.  Chem. 
2,  626).  Hydrochloric  acid,  sp.gr.  1'020,  converts 
dextrose  into  a  kind  of  dextrin  (Grimaux  and 
Lefevre,  C.  R.  103,  146). 

The  commercial  products  above  mentioned 
are  prepared  by  the  action  of : 
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a.  Diastase  on  gelatinised  starch. 
h.  Acids  on  starch  in  tlie  presence  of  water 
at  the  boiling  or  higher  temperature. 

c.  Heat  on  dried  starch. 

d.  Heat  on  acidified  dried  starch. 

c.  Digestion  with  alkalis  also  converts  starch 
into  de.\trin-like  bodies. 

For  the  action  of  diastase  on  starch  v.  Mus- 
culus  (Bl.  22,  32) ;  Payen  (J.  Chim.  Med.  9,  572) ; 
O'Sullivan  (C.  J.  1876,  2, 125) ;  Brown  and  Heron 
(C.  J.  35,  596) ;  Brown  and  Morris  (C.  J.  47, 527) ; 
and  for  that  of  heat  and  acids,  Biot  and  Persoz 
(A.  Ch.  [2]  52,  72);  Payen  (A.  Ch.  65,  225;  61, 
372  ;  G5.  225  and  234) ;  Gu6rin-Varry  (A.  Ch.  60, 
68) ;  Jacquelain  (A.  Ch.  [3]  8,  225) ;  Bechamp 
(C.  R.  51,  256),  Anthon  (D.  P.  J.  218,  182  ;  219, 
457) ;  O'Sullivan  (C.  J.  10,  581). 

PrejMration. — A  moderately  thick  homoge- 
neous starch-paste  is  heated  to  60-63°,  and 
sutFicient  cold  water  extract  of  malt,  or  solution 
of  freshly  prepared  diastase,  added  to  yield,  on 
maintaining  the  temperature  at  60-63°  for  ten 
minutes,  products  from  the  starch  having  an 
optical  activity  [oj]  =  176'6'^  or  below.  The  solu- 
tion is  then  quickly  cooled  and  filtered,  the 
filtrate  boiled  and  concentrated  to  a  rather  thick 
syrup  ;  this  is  best  done  in  a  vacuum  vessel,  but 
tlie  operation  can  be  effected  on  a  water-bath. 
The  syrup  contains  dextrin,  maltose,  and  the 
soluble  portions  of  the  malt-extract  or  diastase 
employed.  By  repeated  treatment  with  alcohol, 
maltose,  as  well  as  some  of  the  constituents  of 
the  malt-extract  and  diastase,  can  be  eliminated. 
The  remainder  of  these  substances  is  separated 
by  dissolving  the  syrup  in  a  little  water  and 
adding  alcohol,  sp.gr.  -83,  until  about  one-eighth 
of  it  is  precipitated.  Tlie  supernatant  liquid 
tlien  contains  pure  dextrin,  which  can  be  pre- 
cipitated by  the  addition  of  strong  alcohol.  If 
tlie  product  thus  obtained  is  capable  of  reducing 
copper  oxide  when  a  portion  of  it  is  boiled  with 
Fehling's  solution,  it  contains  maltose.  This 
can  be  completely  removed  by  repeated  precipi- 
tation with  alcohol,  or  by  diluting  the  syrup 
with  water,  heating  to  boiling,  and  adding  a 
slight  excess  of  a  solution  containing  in  100  c.c. 
10  grams  HgCy._,  and  10  grams  NaOH.  The  re- 
duced mercury  is  allowed  to  subside,  the  clear 
supernatant  solution  decanted  off,  carefully  neu- 
tralised with  hydrochloric  acid,  and  evaporated 
to  a  syrup.  From  this  sodium  chloride,  sodium 
cyanide,  and  excess  of  mercury  dicyanide  can 
be  removed  by  dialysis,  and  dextrin  precipitated 
from  the  concentrated  solution  by  alcohol.  We 
eamiot  say  that  treatment  with  alkaline  mercury 
dicyanide  is  to  be  recommended.  Dextrin  thus 
purified  is  obtained  in  the  solid  state  by  dissolv- 
ing in  a  little  water,  evaporating  to  a  syrup,  and 
drying  in  a  vacuum  over  sulphuric  acid.  Thus 
obtained  it  is  a  colourless  glassy  body,  which 
may  be  rubbed  down  to  a  white  powder.  It  is 
without  marked  taste,  and  is  odourless.  It  is 
neutral,  easily  soluble  in  water,  but  insoluble  in 
strong  alcohol.  The  solution  is  not  coloured 
by  iodine.  Heated  in  solution  with  dilute 
mineral,  or  witii  some  organic  acids,  it  is  con- 
verted into  maltose,  and  finally  into  dextrose. 
Diastase  solution  slowly  converts  it  into  maltose. 
It  is  optically  active,  tlie  apparent  activity 
being  [aj  1-^222.  fo„]  =  200-4  for  a  solution  con- 
taining 10  grams  dextrin  in  100  c.c.  and  less. 


I  Febling  solution  or  alkaline  solution  of  mercury 
dicyanide  is  not  reduced  by  it.  It  does  not 
ferment  in  presence  of  ordinary  beer  yeast,  but 
if  active  diastase  is  present  it  yields  alcohol 
readily.  A  species  of  mucor  converts  dextrin 
into  sugar  (maltose  ?),  thence  into  alcohol  and 

j  other  products  (Gujon  and  Dubourg,  C.  11.  103, 
885).    Heated  to  220-230"  dextrin  is  converted 

;  into  pyrodextrin  (G^lis,  A.  C.  P.  [3]  52.  388). 

I  Treatment  with  bromine  and  silver  oxide  con- 
verts dextrin  into  dextronic  acid,  the  calcium 
salt  of  which  is  C^H|,CaO:  (Haberman,  B.  5, 167), 
isomeric  with  gluconic  acid.  Lime  and  baryta 
form  compounds  with  dextrin,  wliich  are  in- 
soluble in  alcohol.  Nitric  acid  converts  it  into 
saccharic  acid  and,  finally  oxalic  acid.  The 
dextrin  prepared  by  O'Sullivan's  method  yields 
sodium  and  potassium  compounds  containing 
C,..H,„0,„Na  and  C,.H|„0,„K  (Pfeifferand  Tollens, 
A.  210,  285  a.  309).  Other  dextrins  besides  this 
one  are  produced  by  the  action  of  diastase  on 
starch  {v.  Siwiicn) ;  they  have  many  characters 
in  common  with  it,  but  are  distinguished  from 
it  by  the  amount  of  maltose  they  are  capable  of 
yielding  when  submitted  to  the  action  of  diastase 
at  60-63°  for  a  few  minutes.  One  of  them, 
o-dextrin,  or  cry  th rodex t  rin,  gives  a  reddish- 
brown  colour  in  solution  with  iodine,  the  others 
give  no  colouration  with  iodine.  For  estimation 
of  dextrin  v.  Bi;i:r  ;  SACcriAiiiMKTRY. 

j  The  commercial  products  above  mentioned 
are  now  chiefly  prepared  by  the  action  of  heat 

;  on  starch.  The  starch  is  first  freed  as  much  as 
possible  from  combined  water  by  drying  in  suit- 
able ovens,  and  then  submitted  to  a  temperature 

\  of  212-275  in  rotating  sheet-iron  drums.  The 
heat  is  supplied  by  hot  oil,  rape  oil  being  pretty 

'  generally  used,  or  by  direct  fire.  When  the  oil- 
bath  is  used  the  control  over  the  temperature  is 

1  greatest,  and  the  colour  of  the  product  can  be 

I  varied  at  will  from  white  to  dark-brown.  When 

I  the  drums  are  heated  by  direct  fire  they  are 

!  made  to  rotate  on  slightly  inclined  axes,  the 
dried  starch  being  fed  in  at  the  higher  end  of 
the  revolving  cylinder  and  the  product  dis- 

j  charged  at  the  other.  Sheet -iron  ovens  are  also 
used ;  they  are  constructed  singly  or  in  sets.  The 
heat  is  supplied  by  a  furnace,  the  heated  air 
from  which  is  drawn  over  the  top  of  the  ovens. 
The  material  is  kept  continually  stirred  by  flat 
iron  oars.  Boxes  and  trays  are  also  used  as 
converter",  and,  indeed,  one  has  only  to  consider 
the  variety  and  quality  of  product  required,  and 
to  remember  that  the  drier  the  starch  and  the 
lower  the  temperature  of  conversion,  the  whiter 
will  be  the  product,  and,  further,  that  different 
starches  yield  different  products,  i.e.  behave 
differently  when  submitted  to  the  action  of  heat, 
to  enable  him  to  construct  an  apparatus  that 
will  suit  his  reiinircnients.  It  must  also  be 
borne  in  mind  that  the  conversion  lakes  place 
more  slowly  at  a  low  temperature.  By  moisten- 
ing air-dried  starch  with  dilute  nitric  acid,  and 
drying  at  a  low  temperature,  less  heat  is  required 
to  yield  a  satisfactory  product.  Payen  recom- 
mended 1,000  lbs.  starch  to  be  moistened  with 
30  gallons  water  containing  2  lbs.  nitric  acid, 
sp.gr.  1-38,  the  mixture  to  be  well  kneaded, 
made  up  into  balls,  and  dried  in  a  hot-air 
chamber  ;  then  powdered,  sprrad  on  brass  trays 
to  the  depth  of  1',  to  2  inches,  and  suljniildd  to 
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a  temperature  of  from  110-120"-'  in  a  hot-air 
oven. 

Hj'drochloric  acid,  oxalic  acid,  and  lactic 
acid,  in  the  form  of  sour  milk  or  buttermilk, 
have  been  recommended  in  the  place  of  nitric 
acid,  but  these  find  little  employment  now. 

The  products  thus  obtained  ajjpear  in  com- 
merce in  the  form  of  powders  varying  in  colour 
from  almost  white  to  dark  brown,  through  every 
shade  of  light  yellow  and  brown.  They  are 
reduced  to  this  state  after  roasting,  by  crushing 
in  pans  or  passing  through  rollers,  and  then  sifting 
through  a  rotating  silk  screen  such  as  is  used  in 
Hour  mills.  Schumann  (E.  P.  1887,  5160)  prepares 
a  dextrin  free  from  objectionable  smell  by  agita- 
ting starch-milk  with  1  p.c.  fixed  acid,  allowing 
to  stand  for  twenty-four  hours,  washing  the  de- 
jjosited  starch  free  from  acid,  again  converting 
into  a  milk  of  15°  Baume,  and  submitting  to  a 
steam  pressure  of  three  to  four  atmospheres  with 
^  p.c.  saturated  sulphurous  acid  solution.  The 
reaction  is  stopped  when  the  first  trace  of  cojjper 
oxide  reducing  power  is  observed  in  the  solu- 
tion, the  slight  trace  of  sulphuric  acid  formed 
is  neutralised  with  chalk,  the  syrup  filtered 
through  char  and  evaporated.  The  commercial 
dextrin  thus  obtained  is  of  a  brilliant  white 
colour. 

The  various  dextrin  syr'ups  are  prepared  by 
acting  on  starch  with  sulphuric  acid  or  diastase. 
In  the  case  of  diastase,  maltose  is  always  pro- 
duced with  the  dextrins,  and  when  acids  are 
employed,  dextrose  also  is  present.  The  material 
employed  in  the  manufacture  of  these  syrups  is 
purified  starch  of  some  variety,  such  as  sago, 
maize,  rice,  or  potato  starch,  or  some  starchy 
material  such  as  maize  or  rice ;  the  proportions 
employed  are  25  jiarts  material,  75  parts  water, 
and  2:\  partsoilof  vitriol.  About  one  quarterof  the 
acid  and  water' are  mixed  and  heated  to  55°-G0° 
in  a  vessel  furnished  with  stirring  gear,  and  the 
material  run  into  it  with  continual  stirring. 
IMeantime,  the  remainder  of  the  acid  and  water 
is  heated  to  boiling  in  another  vessel  also  fitted 
with  stirring  apparatus  and  a  steam  coil ;  into 
this  the  material  suspended  in  and  saturated 
with  the  acid  water  is  run  at  such  a  rate  that 
the  temperature  is  not  reduced  much  below  the 
boiling  point.  To  secure  this  the  steam  coil 
must  be  sufficiently  powerful  to  admit  of  a  rapid 
introduction  of  the  mixture.  As  soon  as  the 
starch  is  dissolved  (10-20  minutes  or  less)  the 
acid  is  neutralised  with  the  required  quantity  of 
chalk,  which  must  be  well  stirred  in,  and  the 
neutralised  mixture  allowed  to  stand.  The  clear 
supernatant  liquid  is  drawn  off,  and  the  residue 
freed  from  solution  by  a  filter-press.  The  clear 
solutions  are  then  concentrated  to  a  suitable 
consistency  in  open  steam-jacketed  pans  or  in 
vacuum  vessels.  These  products  can  be  reduced 
to  glassy  solids  by  submitting  them  in  thin  layers 
on  shallow  plates  to  a  current  of  hot  air  or  by 
drying  on  rotating  cylinders. 

When  diastase  is  the  transforming  agent,  the 
starch  is  nrixed  with  four  times  its  weight  of 
water  at  50°,  the  teiTiperature  is  then  gradually 
raised  to  65-70°,  and  2  pi.c.  of  malt  added  with 
continual  stirring.  The  temperature  is  then 
gradually  raised  to  73°  and  kept  at  that  tempera- 
ture until  a  portion  of  the  solution  cooled  no 
longer  gives  a  bluecolour  with  iodine,  but  reildisli- 


violot.  The  solution  is  then  rapidly  raised  to 
boiling,  then  cooled,  filtered,  and  evaporated  as 
described  above. 

These  products  arc  used  as  substitutes  for 
the  natural  gums,  and  some  of  the  syrups  are 
employed  in  the  maiiufactnre  of  beer,  in  con- 
fectionery, in  leather  dressing,  and  in  the  pre- 
paration of  the  gelatine  rollers  used  in  printing. 
The  products  of  the  action  of  heat  on  starch  are 
used  for  dressing  crape,  lace,  &o.,  to  thicken  the 
mordants  and  colours  used  in  calico  printing. 
In  surgery  they  are  used  to  fix  and  thicken 
bandages,  and  in  pharmacy  as  carriers  for  the 
active  agents  in  pills,  powders,  tablets,  etc. 
Some  varieties  of  ink  are  thickened  with  them, 
and  they  are  used  in  a  general  way  for  gumming 
stamps,  envelopes,  labels,  &c.  O'S.  &  H. 

DEXTROSE.  Dc.vtro-glucose,  glucose,  starch-, 
com-,  grape-,  honey-,  diabetic-sugar.  (Gcr.  AVm- 
me.huckcr,  Trauhcmuclicr;  Fr.  Sucre  do  raisin.) 
C,H,A.  and  C  H|,0,  +  H,0. 

Occurrence. — Eeducing  sugar  or  sugars  are 
very  widely  distributed  in  nature,  but  there  are 
few  sources  from  which  dextrose  has  been 
definitely  isolated,  and  even  in  these  cases  it  is 
almost  always  accompanied  by  lievulose.  Among 
the  chief  sources  may  be  mentioned  honey, 
most  fruits,  the  sap  of  some  plants  and  roots, 
many  seeds,  and  diabetic  urine.  Blood  con- 
tains a  dextrorotatory  sugar,  but  it  has  not  l  een 
established  that  this  is  dextrose  (Hoppe-Seyler, 
Phys.  Chem.Berl.  1881,  430).  Seegen  and  Kratz- 
schmer  indicate  the  presence  of  dextrose  in  the 
aqueous  extract  of  calves'  liver.  This  may  be 
dextrose  but  it  is  more  probably  maltose  from 
glycogen. 

Formation. — Acids  decompose  the  glucosides 
into  a  glucose  or  glucoses  and  one  or  more  other 
bodies  ;  only  in  a  few  instances  has  the  glucose 
been  proved  to  be  dextrose,  viz.  Avn/gdalin 
(Schmidt,  A.  C.  110,  92  ;  Hesse,  I.e.  176,  112). 
Poimlin  (v.  Lippmann,B.12, 1648)  ;  Rubcryiliric 
acid  (Liebermann  a.  Bergami,  B.  20,  2247) ; 
Salicin  (Schmidt,  A.  C.  110,  97;  Hesse,  I.e.  176, 
112).  In  other  cases,  although  the  glucose 
formed  is  said  to  be  dextrorotatory,  reducing, 
fermentable,  and  crystallisable,  the  factors  given 
do  not  enable  one  to  say  with  certainty  that  the 
sugar  is  dextrose.  These  are  JEsculin  (Kochleder 
and  Schwarz,  A.  C.  87,  186;  Zwenger,  I.e.  90, 
76) ;  Arbutin  (Hlasiwetz  a.  Grabowski,  A.  C.  Ph. 
141,  329) ;  Coniferin  (Tiemann  a.  Haarmann,  B. 
7,  608).  The  glucoses  iJrepared  by  the  action 
of  acids  on  other  glucosides  are  not  sufficiently 
characterised  to  enable  one  to  say  whether  they 
are  dextrose  or  not.  Certain  unorganised  fer- 
ments act  in  the  same  way  on  the  glucosides. 

The  following  carbohydrates  yield  dextrose 
alone  or  with  other  glucoses  by  the  action  of 
acids : 

1.  a-  and  /3-Amylan,  dextrose. 

2.  Cellulose  of  various  kinds,  dextrose  (?). 

3.  Glycogen,  dextrose. 

4.  Lichenin. 

5.  Tunicin. 

6.  Starch  (dextrin),  dextrose. 

7.  Maltose,  dextrose 

8.  Lactose,  dextrose  and  galactose. 

9.  Sucrose,  dextrose  and  la?vulose. 

Other  bodies  yield  glucose,  but  as  yet  we 
have  no  direct  evidence  that  dextrose  is  among 
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the  products,  viz.  McUtose  (Eaffmoie),  mucilage, 
pectin  bodies,  the  gwns  of  the  arabin  group  and 
similar  gums,  chondrin  and  other  gummy  bodies 
of  animal  origin. 

Prcparatioti. — Dextrose  can  be  prepared  from 
any  of  the  substances  above-mentioned,  but  it  is 
in  many  cases  difficult  to  obtain  it  in  any  quan- 
tity in  the  pure  state.  Starch  and  sucrose  are 
the  bodies  usually  employed,  and  we  find  that 
lactose  can  also  be  used  with  advantage. 

(a)  A  white  saccharum  (the  commercial 
plucose  obtained  by  the  action  of  acids  on  starch) 
with  an  optical  activity  approaching  that  of 
dextrose  is  selected.  This  is  scraped  as  fine  as 
possible,  and  treated  with  boiling  ethyl  alcohol 
of  sp.gr.  "820.  On  cooling,  the  clear  saturated 
solution  is  separated  from  the  undissolved  syrup 
and  a  little  previously  prepared  dextrose  added  to 
it.  Crystallisation  soon  begins  and  continues  for 
some  time,  a  crop  of  fairly  pure  dextrose  is  thus 
obtained.  Further  purification  can  be  effected 
by  melting  the  crystals  in  8-10  p.c.  boiling 
water  and  adding  dry  boiling  methyl  alcohol 
until  a  slight  cloud  is  produced.  Anhydrous 
dextrose  in  a  state  of  great  purity  separates 
abundantly  from  this  solution.  Or  thesaceharum 
is  melted  in  5  or  6  p.c.  water,  allowed  to  crystal- 
lise, the  crystals  pressed  and  further  purified 
by  treatment  with  methyl  alcohol  as  described. 

(h)  A  25  p.c.  aqueous  solution  of  crystallised 
sucrose  is  taken  and  heated  to  50-'-55°  and  2-3 
p.c.  pressed  brewers'  yeast  stirred  in  (Tompson, 
E.  P.  8G8G,  1881)  the  temperature  is  maintained 
for  2-3  hours,  when  the  sucrose  is  completely 
inverted,  that  is  converted  into  dextrose  and 
liiivulose.  The  solution  is  then  evaporated  in 
a  vacuum  to  a  syrup,  sp.gr.  1-5  or  thereabouts. 
On  standing  for  a  short  time  this  solidifies  to  a 
crystalline  mass ;  it  is  washed  with  cold  ethyl 
alcohol,  sp.gr.  '830,  and  the  residue  dissolved  to 
saturation  in  alcohol  of  the  same  strength. 
Dextrose  soon  begins  to  crystallise  out;  the 
crystals  can  be  further  jjurified  by  dissolving  in 
methyl  alcohol  and  recrystallisation. 

Sucrose  may  also  be  inverted  by  digestion 
with  sulpliuric  acid,  the  acid  separated  by  baryta 
water,  and  the  filtrate  from  the  barium  sulphate 
evaporated  to  a  syrup  and  treated  in  the  way  men- 
tioned. Inversion  by  yeast  yields  the  best  re- 
sult. Soxhlet  (J.  pr.  [2]  21,  212)  recommends 
that  inversion  be  effected  by  alcoholic  hydro- 
chloric acid.  180  c.c.  of  strong  hydrochloric  acid 
are  mixed  with  12  litres  of  alcohol,  sp.t;r.  v'^lO,  in 
a  glass  vessel,  the  mixture  heated  •15-.")0',  4  kilos, 
powdered  suciose  stirred  in,  and  the  whole  main- 
tained at  that  temperature  for  two  hours. 
When  cool,  a  little  previously  prepared  anhy- 
drous dextrose  is  added,  and  in  a  few  days  there 
is  an  abundant  crystallisation  of  dextrose.  This 
can  be  purified  by  crystallisation  from  methyl 
alcohol.  Should  any  colour  be  developed,  the 
aqueous  solution  of  sugar  is  treated  with  animal 
charcoal  and  again  concentrated  in  a  vacuum. 
Under  such  circumstances  it  is  better  to  begin 
again,  for  if  proper  care  be  taken  no  colour 
need  bo  produced. 

An  niiueous  solution  containing  25  p.c. 
lactose  and  3  p.c.  sulphuric  acid  is  digested  in 
a  water  bath  for  three  hours,  care  being  taken 
by  continued  agitation  that  no  colour  is  deva- 
loped,  the  sulphuric  ivcid  is  separated  by  baryta 


I  water  and  the  filtrate  concentrated  to  a  syrup 
!  containing  7(5-80  p.c.  solid  matter.  On  standing 
this  solidifies,  and  after  a  few  days  is  treated 
with  boiling  methyl  alcohol;  this  dissolves  out 
the  dextrose,  leaving  the  galactose  undissolved  ; 
the  former  soon  crystallises  from  the  saturated 
methyl  alcohol.  A  recrystallisation  yields  the 
pure  body  in  moderately  large,  well-defined 
crystals. 

j  Hydrous  dextrose  CjH,..Os.H..O  can  beobtained 
from  any  of  the  above  preparations  by  dissolving 
in  12  to  20  p.c.  water,  and  allowmg  to  crystal- 
lise. If  honey  is  used  as  a  source  of  dextrose, 
any  sucrose  it  may  contain  should  be  inverted 
by  yeast  or  acids,  and  the  residue  obtained  by 
evaporation  crystallised  from  methyl  alcohol  as 
in  the  case  of  inverted  sucrose.  A  pure  product 
may  be  obtained  by  a  few  crystallisations. 

Properties.  —  Dextrose  crystallises  out  of 
strong  (03-95  p.c.)  ethyl  or  methyl  a'coliol 
in  the  anhydrous  state  C^H^.O^,  and  from 
concentrated  aqueous  solutions  at  30°- 35°,  with 
special  treatment,  crystals  of  this  composition 
may  also  be  obtained.  The  crystals  formed  in 
aqueous  solutions  at  ordinary  temperatures  con- 
tain a  molecule  of  water  of  crystallisation 
C„B[|._,Og.H^O.  The  anhydrous  sugar  forms  white 
crystalline  crusts  or  powder  and,  when  it  sepa- 
rates from  the  solvent  slowly,  fairly  well-defined 
glassy  prisms  ;  the  hydrous  body  crystallises  in 
caulirtowerlike  masses,  but  with  care  and  slow 
crystallisation  well-delined  crystals  can  be  ob- 
tained. Both  bodies  dissolve  easily  in  water, 
the  anhydrous  one  with  evolution  of  heat.  The 
hydrous  body  dissolves  freely  in  strong  ethyl  and 
methyl  alcoliol,  especially  on  the  application  of 

;  heat,  but  the  anhydrous  body  is  practically  in- 

'  soluble  in  these  liquids.  An  aqueous  solution  of 
dextrose  containing  10  grams  anhydrous  dextrose 
in  100  c.c.  of  solution  at  17"5°  is  said  to  have 

i  a  sp.gr.  1-0381.  This  is  probably  low — the 
number  1-0385  being  more  correct.   Its  solutions 

j  are  optically  active,  i.e.  possess  the  power  of 

I  rotating  the  plane  of  polarisation  of  a  ray  of 
polarised  light.  The  rotation  is  right-handed. 
Hitherto,  various  values  have  been  given  for 
the  constant  expressing  this  activity,  the  varia- 
tion being  due  to  imperfect  standards  and 
to   the  impurity  of  the  specimens  of  sugar 

j  examined.  Recently  Hesse  (A.  17(>,  106)  and 
Tollens  (B.  17,  2231)  have  carefully  determined 
this  constant,  and  the  latter's  results  are  ex- 
pressed by  the  formula 

[a]„  =  52-5°-i--01S79G  P-h  -00051083  P* 
for  the  dry  sugar,  and 

I  [o]„  =  47-73° -f -015534  P -I- -0003883  P^ 

for  the  hydrous  body  C„II,,0„.IT  ,0.  in  which  P  = 
the  percentage  of  anhydrous  and  hydrous  sugar 
in  solution.  In  dealing  with  solutions  contain- 
ing 10  p.c.  dry  sugar  the  factor  ra^n  =  52-7  and 
[a]j  =  58-3  may  be  used.  The  optical  activity  of 
dextrose  solution  is  not  materially  affected  by 
temperature.  The  activity  is  nearly  twice  as 
great  in  freshly  prepared  solution,  diminution 
taking  place  slowly  in  cold  but  rapidly  in  boiling 
solutions  until  the  constant  value  is  arrived  at. 
It  is  only  crystallised  dextrose  that  exhibits  this 

I  property  of  bi-rotation,  as  it  is  called,  dextrose 
fused  and  allowed  to  solidify  does  not  show  it 

!  (Hesse,  A.  17(5,  113).  The  solution  of  dex- 
trose in  strong  alcohol  retains  the  power  of 
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bi-i'otation.  Potasli,  soda,  lime,  and  such  bodies 
whicli  act  on  dextrose  naturally  reduce  its 
optical  activity.  Hydrated  dextrose  begins  to 
fuse  at  80°,  but  inasmuch  as  a  portion  of  the 
water  is  expelled  at  a  lower  temperature  and 
continues  to  be  expelled,  complete  fusion  is  not 
effected  at  100°.  The  melting  point  of  the  an- 
hydrous sugar  is  about  14(i^.  In  a  vacuum 
over  sulphuric  acid  the  hydrate  parts  with  the 
greater  portion  of  its  water,  the  remainder  of 
which  can  be  easily  eliminated  at  100°,  but  if 
the  substance  is  at  once  heated  to  100°,  it  fuses 
partially,  becomes  coloured,  and  the  water  is  got 
rid  of  with  difficulty,  if  at  all  completely.  When 
the  dry  body  is  heated  to  170°,  the  elements  of 
a  molecule  of  water  are  eliminated,  dextrosan 
C,.H,|,05,  being  produced.  If  the  temperature  is 
increased  that  body  is  caramelised  and  charred. 
Dextrosan  is  again  converted  into  dextrose  by 
digestion  with  water  or  dilute  acids.  If  the 
temperature  is  raised  to  200°  and  maintained  at 
that  point  for  a  little  time,  gas,  water,  and  vola- 
tile acids  are  given  oft',  and  if  the  heating  is 
continued  without  being  increased  until  these 
products  cease  to  be  evolved,  the  brownish  black 
residue  (caramelised  mass)  becomes  gradually 
solid.  This  substance  is  soluble  in  water,  com- 
pletely if  the  temperature  was  not  too  high,  and 
constitutes  the  colouring  matter  used  in  wine, 
beer,  cookery,  etc.  Should  the  heat  be  further 
continued  so  that  the  body  is  destructively  dis- 
tilled, carbon  mon-  and  di-oxide,  and  marsh 
gas  are  evolved,  aldehyde,  furfur-aldehyde,  ace- 
tone, met-acetone,  propionic,  acetic,  and  formic 
acids  distil  over,  and  a  black  carbonaceous  mass 
is  left. 

Dextrose  is  dissolved  by  concentrated  sul- 
phuric acid  without  blackening,  a  conjugate  acid, 
dextrose-sulphuric,  being  formed  (Musculus  a. 
Mayer,  B.  14,  8.00)  and  from  this  a  dextrin- 
like body  or  didextrose  is  precipitated  in  com- 
bination with  alcohol  on  standing  in  contact 
with  strong  alcohol  for  some  time.  If  dextrose 
is  boiled  with  dilute  sulphuric  acid  the  sp.gr. 
of  the  solution  gradually  increases  for  some 
time,  apparently  from  the  fixation  of  the  elements 
of  water.  On  continued  boiling  the  solution  be- 
comes coloured  and  finally  brown  humus  sub- 
stances, la?vulinic  and  formic  acids  are  pro- 
duced (Malaguti,  A.  Ch.  [2]  59,  407  ;  Tollens, 
A.  200,  207).  Digestion  with  dilute  hydrochloric 
acids  produces  similar  results,  but  more  rapidly. 
For  action  of  acids  on  dextrose  v.  also  Conrad 
a.  Guthzeit,  B.  18,  439,  a.  19,  25G9. 

Alkalis  decompose  dextrose  quickly  on  heat- 
ing, slower  in  the  cold,  with  the  production  of, 
amongst  other  things,  acetol  and  acetone,  which 
are  volatile,  and  of  lactic,  acetic,  and  formicacids 
which  remain  combined  with  the  alkalis  ;  other 
substances  are  formed  at  the  same  time,  such  as 
glucinic,  saecharumic,  and  japonic  acids,  but 
further  knowledge  is  required  regarding  them. 
When  potash  is  used  in  these  experiments 
oxygen  is  absorbed.  With  calcium  hydroxide 
saccharin  or  calcium  saccharinate  is  produced  ; 
this  is  not  one  of  the  products  of  the  action  of 
potash.  Lactic  acid  and  other  bodies  are  formed 
at  the  same  time. 

Thenard  (C.  K.  52,  444)  obtained  bitter- 
tasting  bodies  containing  10-19-3  -p  c.  nitrogen 
by  acting  with  ammonia  on  dextrose ;  they  absorb 


oxygen  from  the  air,  and  have  much  in  common 
with  some  nitrogenous  humic  acids.  Similar 
products  are  jjroduced  by  the  action  of  barium 
nitrate  on  dextrose  (Thenard,  C.  E.  52,  795). 
Tanret  (Bl.  [2j  44,  102)  obtained  volatile 
a-glucosine  C,;H„N._„  b.p.  136°,  and  ;8-glueosine 
C;H|,|No,  b.p.  100°,  by  heating  dextrose  with  strong 
ammonia.  When  dextrose  is  heated  with  aniline, 
dextrose  anilid  is  produced  (Schiff,  A.  140,  123; 
Ssorokin,  B.  19,  298). 

Nascent  hydrogen  converts  dextrose  in  alka- 
line solution  into  mannitol,  but  not  in  neutral 
or  acid  solutions  (Linnemann,  A.  123,  130). 
Even  under  the  most  favourable  conditions  the 
yield  does  not  exceed  10  p.c.  of  the  dextrose 
employed.  A  varying  quantity  of  other  alcohols 
of  the  fatty  series  is  simultaneously  produced 
when  the  reaction  is  allowed  to  take  place  at  a 
high  temperature. 

Oxygen  has  no  action  on  dextrose  in  neutral  or 
acid  solutions,  but  alkaline  solutions  absorb  the 
gas.  Ozone  oxidises  it  to  formic  acid,  saccharic 
acid  &c.  being  produced.  Strong  nitric  acid 
converts  dextrose  into  saccharic  acid,  and  finally 
into  oxalic,  carbonic,  and  formic  acids  (Liebig,  A. 
113,  1  ;  Heintz,  P.  51,  183  ;  Horneniann,  J.  pr. 
89,  304  ;  Kiliani,  A.  205,  172 ;  Guerin-Varry,  A. 
8,  31  ;  Sohst  and  Tollens,  C.  Z.  11,  99).  Treated 
with  chlorine  or  bromine  in  the  presence  of 
water,  the  resulting  product  yields  gluconic  acid 
when  submitted  to  the  action  of  silver  oxide 
(Hlasiwetz  and  Habermann,  A.  155,  122  ;  156 
253  ;  Kiliani,  A.  205,  182;  Kiliani  and  Klee- 
mann,  B.  17,  1298;  Hcrzfeld,  A.  220,  335  and 
358). 

In  presence  of  alkalis,  iodine  yields  with 
dexti'ose,  as  with  many  other  bodies,  iodofornr 
(Lieben,  A.  Suppl.  7,  228 ;  Herrmann  and 
Tollens,  B.  18, 1335  ;  Millon,  C.  E.  21,  828). 

Dextrose  in  alkaline  solutions  reduces  the 
oxides  of  gold,  platinum, silver,mercury, bismuth, 
lead,  copper,  iron,  manganese,  &c. ;  in  the  case 
of  gold,  platinum,  silver,  and  mercury,  the 
reduction  is  complete,  the  metal  being  formed ; 
in  the  other  cases  lower  oxides  are  produced. 
Ferrocyanide  of  iJotassium,  indigo,  picric  acid, 
litmus,  and  such  substances  are  also  reduced  by 
dextrose  in  alkaline  solution.  The  products 
from  the  dextrose  are  not  the  same  in  all  cases, 
but  they  consist  chiefly  of  carbonic,  formic, 
oxalic,  and  glycolic  acids,  other  products  being 
also  formed ;  v.  Kiliani,  A.  205,  182  ;  Kiliani  and 
Kleemann,  B.  17,  1298  ;  Herzfeld,  A.  220,  335 
and  358  ;  Tollens,  B.  10,  921 ;  Habermann  and 
Honig,  B.  15,  2624 ;  Pfiiiger's  Arch.  d.  Physiol. 
22,  .325;  B.  13,  2096  a.  2442;  Eeichardt,  A. 
127,  297  ;  Felsko,  A.  149,  356 ;  Beyer,  A.  131, 
353;  Claus,  A.  147,  115. 

Under  the  influence  of  Saccharomyc'S  cere- 
visiir  and  other  organisms,  dextrose  ferments 
yielding  alcohol  and  carbon  dioxide  as  the  chief 
products,  but  glycerol,  succinic  acid,  and  other 
bodies  are  formed  at  the  same  time,  the  propor- 
tions of  these  bodies  varying  materially  with 
the  organisms  and  the  conditions  under  which 
the  growth  takes  place.  In  the  presence  of 
growing  bacteria  of  various  species  dextrose 
yields  many  products,  one  species  converts 
it  into  lactic  acid,  another  into  butyric,  an- 
other into  cellulose,  and  so  on  {v.  Feeiienta- 
tion). 
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With  suliihuric  acid  dextrose  forms  several  I 
conjugate  acids,  the  barium  salts  of  which  are 
soluble  (Peligot,  J.  pr.  15,  105  ;  Claesson,  J.  pr. 
[2]  20,  1  and  18).    They  are  produced  bv  dis-  j 
solving  dextrose  in  the  cold  in  strong  sulphuric  r 
acid,  or  acting  upon  the  dry  body  with  chloro- 
sulphonic  acid.    The  constitution  and  compo- 
sition of  these  bodies  require  further  investiga- 
tion. 

A  mixture  of  sulphuric  and  nitric  acids  con- 
verts dextrose  into  a  nitro  body  (Carey-Lea,  Bl. 
[2]  10,  415),  which  is  explosive.  It  is  obtained 
by  dissolving  the  gradually  ciystallising  mass  ' 
produced  in  ether  alcohol,  and  precipitating  with 
water. 

A  dextrose  phosphoric  acid  C^B[,,Oj.H^PO,  is 
said  to  exist  (Aniato,  B.  4,  413). 

Various  derivatives  of  dextrose  in  which  the 
anhydride  of  an  organic  acid  displaces  hydroxyl 
are  known  and  have  been  studied  by  Bertlie- 
lot  (A.  Ch.  [3]  GO,  93;  Chimie  organ,  fondee 
sur  la  synthese,  2,  289) ;  Schiitzenberger  and 
Naudin  (Bl.  [2J  12,  107  a.  204) ;  Liebermana 
a.  Hormann  (B.  11,  1619);  Herzfeld  (B.  13, 
205)  ;  Franchimont  (B.  12,  1939).  They  are 
amorphous  substances  formed  by  the  action  of 
the  anhydride  or  sodium  salt  of  the  acid  on  dry 
dextrose,  and  can  only  be  purified  with  diiliculty. 

Compounds  of  dextrose  with  bases  have  been 
studied ;  they  ai'e  very  unstable  and  rather  in- 
definite in  character  and  composition.  It  ap- 
pears that  in  the  compounds  of  sodium  and 
potassium  the  metal  displaces  hydrogen  of  the 
dextrose,  potassium  dextrosato  being  C,.H||KO„ 
(Honig  a.  Boscnfekl,  B.  10,  871),  and  the  sodium 
compound  C^HnNaO^.  These  are  prepared  by 
adding  ether  and  an  alcoholic  solution  of  soda 
or  potash,  or  the  alcoholate  of  these  bases,  to  an 
alcoholic  solution  of  dextrose  cooled  in  a  freezing 
mixture ;  the  precipitate  is  washed  with  strong 
alcohol  and  ether,  and  dried  over  sulphuric  acid. 
The  compounds  with  the  alkaline  earths  seem 
to  be  differently  constituted,  the  earthy  oxide 
being  simply  added  on  to  the  dextrose  molecule. 
With  lime  several  compounds  have  been  de- 
scribed containing  varying  proportions  of  dex- 
trose, lime,  and  water ;  we  have  C^H|.,0,|CaO, 
(C„H,.,0„).,CaO.H,0,  and  other  bodies  (Peligot, 
J.  pr.  15,  105  ;  Brendecke,  Arch.  d.  Pharm.  [2] 
29,  84).  Compounds  of  the  same  nature  and 
composition  exist  containing  barium  oxide  (v. 
Lippniann,  Zuckcrarten,  45  ;  Peligot,  I.e. ;  Bren- 
decke, I.e.).  Strontium  and  magnesia  also  yield 
compounds  of  a  like  nature  (Franchimont,  B. 
12,  1939).  Like  the  compounds  with  alkalis, 
these  bodies  are  prepared  by  adding  solutions 
of  the  earths  to  strong  alcoholic  solutions  of 
dextrose,  washing  with  strong  alcohol,  and  dry- 
ing over  sulphuric  acid. 

With  solutions  of  the  oxides  of  lead  and  cop- 
per, dextrose  yields  compounds  of  much  the  same 
nature  as  with  the  alkaline  earths.  Neither 
acetate  nor  subacetato  of  lead  gives  a  precipitate 
with  dextrose,  but  solutions  of  these  bodies  in 
ammonia  yield  precipitates  in  which  no  doubt 
the  lead  oxide  is  added  on  to  the  dextrose  in 
the  same  way  as  the  alkaline  earths ;  we  have 
(C„H,,0„),,  3PbO,  &c. 

Alkaline,  but  not  neutral,  solutions  of  dextrose 
dissolve  copiicr  oxide  (Worm-Miiller  and  Hagen, 
Plliiger's  Archiv,  22,  325),  and  from  these  solu- 


tions soda  or  pola-.h  in  proper  proportions  pre- 
cipitates compounds  of  dextrose  and  copper  oxide 
in  which  the  projjortion  of  the  former  to  the 
latter  niav  varv  from  one  to  one  to  one  to  live 
(Fileti,  B.  M,  441  ;  Salkowski,  B.  12,  704 1.  By  a 
proper  addition  of  soda  the  whole  of  the  dextrose 
can  be  precipitated  from  a  solution  containing 
that  body  and  copper  sulphate. 

Dextrose  combines  with  sodium  chloride, 
bromide,  and  iodide,  forming  well-defined  crystal- 
lised compounds  ;  the  body  (C^H|._,0,)._.NaCl.H_.0 
crystallises  from  diabetic  urine  (Peligot,  J.  pr. 
15,  88  ;  Pasteur,  A.  Ch.  [3]  31,  92).  The  same 
body  can  be  obtained  by  making  a  strong  solution 
containing  dextrose  and  sodium  chloride  in  mole- 
cular proportions  and  allowing  it  to  evaporate 
slowly  at  a  low  temperature.  It  crystallises  in 
well-defined  glassy  crystals.  Freiiuently,  how- 
ever, bodies  of  the  composition  C^H|.^0,;NaCl 
and  C,iH|.jOa2XaCl  crystallise  out  (v.  Lippmann, 
Zuckerarten,  45  ;  Stiideler,  C.  C.  1854, 9301.  The 
sodium  bromide  compound  (CaH|._.0,;)._.NaBr  crys- 
tallises in  white  plates  (Honig  and  Rosenfeld, 
B.  10,  872;  Stenhouse,  A.  129,  28t^),  and  the 
sodium  iodide  compound  (CjH,oOJ._.NaI  is  very 
readily  obtained  (Uill). 

Kiliani  (B.  19,  7()7  a.  1128),  by  acting  on 
dextrose  with  hydrocyanic  acid,  obtained  a 
cyanhydrin  which  on  treatment  with  baryta 
yields  ammonia  and  the  barium  salt  of  a  dex- 
trose carbonic  acid,  hex-hvdroxv-heptvlic  acid 
C-H,(OH),N.,  (Schiitzenberger,  Bl.  [2j  30,  144  ; 
Maijusnne,  131.  [2]  43,  530).  This  yields  a  lac- 
tone C-H|^0-,  which  on  treatment  with  iodine 
and  phosphorus  is  converted  into  normal  hep- 
tylic  acid  C.H,,0.^  and  tlic  lactone  C.H|.jO._.. 

Peeently  Fischer  (B.  17,  579)  and  others  have 
described  a  very  interesting  series  of  bodies  in 
which  dextrose  enters  into  combination  with  the 
hydrazines,  and  Griess  and  Harrow  (B.  20,  281, 
and  2205)  have  shown  that  the  aromatic  amines, 
diamines,  etc.,  form  similar  compounds.  When 
concentrated  solutions  of  dextrose  and  phenyl- 
hydrazine  are  mixed  in  the  cold,  the  two  bodies 
unite  with  elimination  of  water 

C,H,,0,  +  C„H,X,Hj  =  C,,H„N  A  +  ^P. 
dextrose  phenylhydrazine  being  produced.  In 
dilute  solutions,  and  at  temperatures  near  the 
boiling-point  of  water,  one  molecule  of  dextrose 
combines  with  two  of  phenylhydrazine,  with  the 
elimination  of  water  and  hydrogen  and  the 
formation  of  phenyl-dextrosan 
C,,H,,0„  +  2C„H,N,H3  =  C„H,,N,Oj  +  2H,0  +  H,. 

The  hydrogen  is  not  evolved  as  such,  but  acts 
on  part  of  the  hydrazine,  converting  it  into 
aniline  and  ammonia.  Dextrose-idienyl-hydra- 
zine  forms  colourless  needles  which  melt  at 
144  -145-'  (E.  Fischer,  B.  20,  824).  It  is  con- 
verted into  phenyl -dextrosazon  by  excess  of 
acetic  acid.  This  body  is  also  formed  by  heating 
1  part  dextrose,  2  parts  phenyl-hydrazine  hydro- 
chloride, 3  parts  sodium  acetate,  and  20  parts 
water  in  a  water-bath ;  it  gradually  separates 
from  the  mixture  in  yellow  needles,  and  can 
be  purified  by  one  or  two  crystallisations  from 
alcohol.  Its  melting-point  is  204-205°.  It  is  but 
little  soluble  in  water,  but  easily  in  alcohol.  It 
reduces  alkaline  copper  oxide  solution,  and  is 
l.i  vorotatory  (Fischer  a.  Tafel,  B.  19,  1920; 
20,  217  a.  2.jC)C).    According  to  Fischer  (B.  19, 
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1920),  it  is  reducod  by  zinc-dust  to  iso-glucos- 
amine,  which  yields  lii!Vulose  on  treatment  with 
nitrous  acid. 

Other  dextrazons,  compounds  with  the  tolyl 
hydrazines,  &c.,  liave  been  described  (Kasclien, 
A.  239,  229;  Roder,  A.  236,  172). 

Strong  hydrochloric  acid  decomposes  dex- 
trosazon  into  phenyl  hydrazine,  which  separates 
in  the  form  of  hydrochloride  and  oxyglucose 
(glucoson)  CH,OH(CH.OH.),CO.CO.H  (Fischer, 
13. 21,  2(33).  It  is  reduced  by  zinc-dust  and  acetic 
acid  to  liBvulose  {I.e.). 

Griess  a.  Harrow  (B.  20,  281  a.  220.5)  have 
described  a  series  of  bodies  obtained  by  act- 
ing on  dextrose  with  aromatic  diamines  and 
di-amido-     acids.  Di-dextro-o-diamidobenzol 

C„H,<^?!Vt''TT''v>''  is  formed,  with  the  elimination 

of  two  molecules  of  water  when  ortho-diamido- 
benzol  is  allowed  to  act  on  dextrose  in  acp.ieous 
solution  in  the  proportion  of  one  molecule  of 
the  former  to  two  of  the  latter.  Anhydro- 
dextro-o-diamidobenzol  C„H,:N,_,;C_jH|i,Oj,  water, 
and  hydrogen  are  formed  when  the  action 
lakes  place  in  acid  solution,  and  dextro-o- 
diamidobenzol  C  H|(NH),jC,  H|„0.  is  obtained 
by  concentrating  the  mother  liquor  from  the 
di-dextro-  compound.  With  Hi-p-diamido-toluol, 
dexti'ose  yields  similar  compounds.  Dextrose 
combines  with  7-diamido-benzoic  acid,  with  the 
formation  of  dextro-7-diamido-benzoic  acid 
C„H,;  (COOH)(NH),.C„H,„0,. 

Mdiiitfaciiire  of  commercial  dextrose — i.e. 
dcxU-o-glucosc,  glucose,  saccliartiin,  saccluiyine, 
dx. — These  products,  varying  much  in  cliaracter 
and  composition,  are  all  prepared  by  the  action 
of  acids  on  starch  or  starchy  substances,  such 
as  rice,  maize,  etc.,  and  when  these  latter  are  the 
raw  material  it  has  been  proposed  to  employ  the 
combined  action  of  diastase  and  acids.  When 
starch  is  acted  upon  by  dilute  acids  it  is  dis- 
solved, dextrins  and  maltose  being  produced. 
These  bodies,  by  the  further  action  of  the  acid, 
yield  dextrose  ;  this  itself  does  not  resist  the 
action  of  acids,  so  that  during  the  process  of 
conversion  a  portion  of  it  is  attacked,  with  the 
production  of  substances  imperfectly  studied 
(v.  Gallisin).  We  know,  however,  that  these 
bodies  existing  in  the  commercial  products  are 
unfermentable,  and  that  a  solution  of  dextrose, 
when  subjected  to  the  continued  action  of  dilute 
acids,  increases  in  gravity  and  diminishes  in 
optical  activity,  pointing  to  the  destruction  of 
the  sugar  and  the  formation  probably  of  higher- 
hydrated  carbohydrates  C,H||0-,  the  elements 
of  water  being  assimilated.  Heron  (S.  0.  I.  7, 
271)  states  that  by  heating  commercial  glucose 
with  3  p.c.  sulphuric  acid  for  1  hour  at  IGO', 
34  p.c.  of  these  bodies  are  formed.  This  may 
be  the  case  with  invert  sugar,  but  it  seems 
hardly  probable  that  a  starch  product  would  be 
changed  so  quickly. 

The  phases  of  the  action  of  dilute  acids  on 
starch  are  easily  followed.  After  heating  has 
been  continued  for  a  shoi-t  time  a  portion  of  the 
solution  cooled  ceases  to  give  a  blue  colouration 
with  iodine  ;  this  indicates  absence  of  starch ;  in 
the  place  of  this  a  reddish-brown  colouration  is 
produced,  this  indicates  the  presence  of  a-dex- 
trin.  After  a  time  this  disappears,  and  at  length 
the  solution  ceases  to  g've  a  ^precipitate  when  to 
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a  portion  of  it  twice  its  bulk  of  alcohol  (sp.gr. 
■820)  is  added,  or  when  to  a  portion  from  which 
the  sulphuric  acid  has  been  separated  by  baryta, 
ammoniacal  lead  acetate  is  added.  This  esta- 
blishes the  absence  not  of  maltose  but  only  of 
dextrin.  There  is  no  ready  method  by  which 
the  complete  conversion  of  starch  into  dextrose 
can  be  ascertained,  yet  if  pure  starch  be  em- 
ployed and  the  quantity  of  sulphuric  acid  care- 
fully gauged,  a  determination  of  the  sp.gr.  and 
optical  activity  of  a  cooled  and  filtered  sample 
could  be  done  with  sufficient  rapidity  and  accuracy 
to  give  a  fair  idea  of  the  extent  of  the  conversion. 
Even  when  impure  starch  or  starch-containing 
material  is  employed,  the  analyses  of  a  few  con- 
versions in  which  the  temperature  and  propor- 
tion of  material,  water,  and  acid  were  kept  con- 
stant would  establish  a  time  factor  for  the  most 
perfect  and  desirable  conversion.  The  processes 
involved  in  the  manufacture  may  be  conveniently 
arranged  as  follows ; 

a.  The  conversion. 

b.  The  neutralisation. 

c.  The  filtration. 

d.  The  decolourisation. 
<?.  The  concentration. 
/.  The  purification. 

a.  The  conversion. — In  this  country  the 
materials  chiefly  employed  in  the  manufacture 
of  commercial  dextrose  are  sago,  maize,  and  rice 
starch,  finely  ground  rice  itself  as  well  as  granu- 
lated maize  and  rice  being  at  times  used.  Potato 
starch  is  also  used  in  Germany.  In  America 
green  maize  starch  is  the  chief  material,  hence 
the  term  '  corn  sugar.'  The  acid  usually  em- 
ployed is  sulphuric,  but  hydrochloric  and  nitric 
acids  have  been  recommended,  as  well  as  a 
mixture  of  nitric  and  sulphuric  acids.  The  use  of 
sulphurous  and  ortho-phosphoric  acids  has  also 
been  advocated.  The  proportions  of  material, 
water,  and  acid  generally  employed  in  the  case 
of  sulphuric  acid  are  100:250:5,  and  when  green 
starch,  i.e.  undried  purified  starch,  is  used.  Im- 
parts are  taken  instead  of  1  part  dry  starch. 
When  pressure  converters  are  used  the  acid  can 
be  reduced  to  0'5  p.c.  John  (Berz.  .lahresb.  1815, 
16,  202)  proposed  to  complete  the  action  of  the 
sulphuric  acid  by  the  subsequent  addition  of  a 
small  quantity  of  nitric  acid  and  re-boiling  the 
solution,  a  more  thorough  conversion  of  the 
starch  into  dextrose  being  thus  obtained.  The 
difficulty  of  removing  the  soluble  nitrates  formed 
on  neutralisation  arose,  and  no  solution  of  the 
problem  was  at  that  time  effected.  Krothe 
(Vierteljahrschr.  fiir  tech.  Chem.  1809,  449)  also 
employed  nitric  acid  for  the  more  rapid  and 
thorough  saccharification  of  starch.  For  the 
production  of  syrup  lie  takes  10  lbs.  sulphuric 
and  1'2  lbs.  nitric  to  1,000  lbs.  green  starch  and 
130  gal.  water;  the  time  of  boiling  is  from  three- 
quarters  to  one  hour.  If  solid  sugar  be  required, 
the  proportions  are  15  lbs.  sulphuric  and  2  lbs. 
nitric  acid  to  1,000  lbs.  green  starch;  time  re- 
quired from  one  and  a  half  to  wo  hours.  He 
used  sulphurous  acid  to  destroy  the  nitric 
acid,  and  neutralised  with  chalk  and  sodium  car- 
bonate. 

Seyberlich  and  Trampedach  (E.  P.  8000, 
July,  1885)  recommend  dilute  nitric  acid  alone 
(\  p.c.  on  air-dried  starch).  Digestion  is  con- 
tinued to  the  required  extent,  the  concentraleil 
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liquid  neutralised  mth  chalk  and  made  alkaline 
with  sodium  carbonate.    Tlie  filtered  solution 
IS  evaporated  iti  vacuo  to  33°-36^B.,  when  on 
cooling  and  standing  for  a  time,  dextrose 'se- 
parates out  in  crystals  so  large  that  they  may  be 
separated  from  the  syrup  by  the  centrifugal 
machine.    Another  crop  of  crystals  may  be 
obtained  by  evaporating  the  syrup  from  the 
centrifugals,  after  which  the  residue  is  treated 
with  sulhcient  sulphuric  acid  to  liberate  the 
nitric  acid;  the  latter  may  be  again  used  for  the 
Kjiccharihcation  of  fresh  starch  after  filtration  of 
the  precipitated  gypsum.    According  to  a  later 
patent  (G.  P.  39,.573,  Nov.  9,  ISSC)  the  nitric 
acid  IS  removed  by  the  addition  of  sulphurous 
acid  to  the  hot  solution,  nitric  oxide  being  quan- 
titatively evolved  and  a  corresponding  amount 
of  sulphuric  acid  formed.    The  excess  of  sul- 
phurous acid  is  got  rid  of  by  boiling  and  the 
introduction  of  steam  into  the  liquid  ;  the  solu- 
tion is  neutralised  with  chalk,  rendered  alkaline 
with  sodium  carbonate,  and  the  sugar  concen- 
trated as  before  (v.  also  D.  P.  J.  271,  512).  This 
process  seems  not  to  have  come  into  use 

Johnson  (E.  P.  1875,  810)  substitutes  hy- 
drochloric acid  for  sulphuric  acid,  and  em- 
ploys rice  or  maize  almost  in  the  dry  state  as 
the  raw  material.    The  grain  is  allowed  to 
saturate    itself    in    a    suitable    vessel  with 
water  containing  HCl  equal  to  2  p.c.  of  grain 
taken,  and  then  washed  free  from  the  solution, 
bullicient  acid  of  the  same  strength  is  now  added 
to  cover  the  grain  and  allowed  to  permeate  it, 
after  which  the  excess  is  drained  off.  Thus 
treated,  the  grain  retains  40-GO  p.c.  of  its  weight 
ot  dilute  acid  ;  it  is  then  introduced  into  a  speci- 
ally constructed  gun-metal  converter  (described 
below),  and  steam  admitted  to  bring  the  pressure 
up  to  75  lbs.  per  square  inch.  In  about  a  minute 
the  starch  is  dissolved,  and  water  at  150°,  equal 
in  weight  to  the  material  taken,  is  injected  under 
pressure ;  the  above  pressure  being  maintained, 
conversion  is  then  completed  in  a  further  minute 
Twelve  charges,  each  of  400  lbs.  grain,  can  be 
converted  in  one  hour.    The  neutralisation  is 
with  chalk  in  the  usual  way.    Purified  starch  is 
converted  in  the  same  apparatus  by  saturating 
It  with  dilute  HCl,  drying,  introducing  it  in  this 
state  into  the  converter,  and  treating  otherwise 
as  the  raw  grain. 

Humphreys  (U.  S.  P.  25,  1887)  treats  soaked 
and  crushed  maize  at  100°  with  sullicient  acid 
to  dissolve  the  starch,  tlie  proportion  should  be 
such  as  to  make  the  solution  10-1213.  The 
germs  which  float  on  this  solution  are  skimmed 
oft  and  pressed  for  oil,  the  remaining  solids  are 
filtered  out  and  pressed  for  fodder,  and  the  solu- 
tion treated  in  the  usual  way  for  glucose. 

Endemann  (E.  P.  (!,17(;,  1882)  cmplovs  phos- 
phoric acid,  and  uses  1  part  ortho-phosphoric  acid, 
20  parts  starch,  and 40  parts  water ;  a  closed  con- 
verter is  employed  and  a  temperature  of  140°. 
llie  acid  is  separated  by  an  equivalent  quantity 
of  lime.  i  J 

Soxhlct  (E.  P.  7,098,  June  10, 1885)  uses  both 
diastase  and  acid,  llice,  or  the  starch  residue 
from    he  manufacture  of  rice-starch,  is  finely 

^i,tl  l  The  gelatinised 

Btaich  IS  cooled  to  50-58°,  and  a  malt  infusion 


(2  parts  malt  to  100  parts  rice)  run  in.  If 
the  fluid  should  be  acid,  it  is  neutralised  with 
soda.  After  the  liquid  has  been  boiled  for  a  few 
Dnnutes  the  precipitated  albuminoids  are  filtered 
Off,  and  the  solution  acted  on  with  sulphuric 
acid  either  under  ordinary  or  increased  pressure. 
J. he  subsequent  operations  are  as  usual. 

Co)n-crtcrs.- The  apparatus  in  which  the 
conversion  of  starch  is  brought  about  are  of 
^arIous  tj-pes.  Fig.  1  represents  an  open  converter 
in  which  the  action  takes  place  at  the  boiling 
temperature  of  the  liquid.  This  consists  of  a 
stout  wooden  vat  furnished  with  a  steam  coil  {cr] 


of  lead  or  gun-metal  suspended  on  stirrups  (o 
prevent  disruption  by  unequal  contraction  and 
expansion,  and  a  stirring-gear  s  by  which  the 
contents  arc  kept  in  motion.  At  t  are  shown  a 
plug  and  pipe  for  discharging  the  converter's 
contents.  Fig.  2  shows  the  ground  plan  of  this  ap- 
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paratus.  Fig.  3  represents  HolTmann's  converter. 
It  consists  of  a  stout,  well-hooped,  wooden  vat  of 
the  same  construction  as  the  previous  apparatus, 
only  that  it  is  supplied  with  a  cover  f  furnished 
with  a  manhole  a,  a  safety-valve  t,  and  a  pres- 
sure-gauge M.  There  is  also  stirring-gear  in  this 
vessel  arranged  as  shown  in  fig.  4  or  5.  In  the 
former  the  gear  is  driven  by  a  spur-wheel  o  from 
below,  in  the  latter  from  "above.  The  heat  is 
supplied  by  a  '  raw  '  steam  pipe  l  instead  of  a  coil. 
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This  apparatus  is  usually  worked  at  a 
of  15-20  lbs.  per  square  inch. 


Fig.  5. 


Mambre  (E.  P.  552,  18G4)  makes  use  of  a 
strong  lead-lined  iron  vessel  as  a  converter  (tig.G). 


Fig.  G. 


Steam  is  supplied  by  the  tube  ooo,  wliich  is 
furnished  with  many  perforations,  g  is  the 
charging  tube,  and  n  one  for  admitting  water, 
cc  are  the  manholes,  in  the  cover  of  one  of  which 
a  pressure-gauge,  h,  and  a  thermometer,  i,  are 
fitted,  and  in  that  of  the  other  safety  valve  dd. 
E  is  a  tube  for  the  extraction  of  volatile,  disagree- 
able-smelling products,  which  are  always  evolved 
when  acids  act  on  only  moderately  pure  starch. 
F  is  a  tube  for  the  escape  of  steam.  On  the  out- 
side is  a  water-gauge  j  to  indicate  the  level  of  the 
liquid  in  the  vessel.  The  discharge-pipe  is  shown 
at  F.  The  lead  lining  of  this  vessel  is  kept  in  place 
with  ditficulty;  but  this  is  partially  obviated  by 
perforating  the  iron  coating  so  as  to  admit  of  the 
escape  of  vapour  of  water  or  air  confined  between 
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Fig.  7. 


the  iron  and  lead  layers.  At  present  gun-metal 
vessels  replace  the  lead-lined  iron  ones.  The 
position  of  the  cylinder  is  upright  instead  of 
horizontal,  and  the  arrangements  of  the  parts 
slightly  different.  Fig.  7  represents  the  most 
recent  form.  It  consists  of  a  gun- metal  cylinder 
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M  placed  in  an  upright  position  on  the  girders 
3  j'.  The  steam  enters  through  the  cock  a  and  is 
conducted  to  the  bottom  of  the  converter  by  a 
pipe  which  terminates  in  a  perforated  coil  e. 
The  charge  is  introduced  through  the  cock  d. 
D  is  a  sampling  tap,  the  pipe  connected  there- 
with passing  almost  to  the  bottom  of  the  cj-linder. 
c  c'  are  safety  valves,  but  inasmuch  as  the  con- 
verter is  made  to  withstand  much  greater  pres- 
sure than  the  boilers  supplying  the  steam,  their 
services  could  be  dispensed  with,  r  is  the  dis- 
charge valve  actuated  by  the  lever  g.  n  is  a 
steam  pressure  gauge.  A  plan  of  the  top  is 
shown  in  fig.  8,  i  being  a  manhole,  the  other  parts 
are  lettered  as  in  fig.  7.  While  the  charge  is 
l)eing  run  in  through  b,  steam  is  admitted  at  a  ; 
ji  is  closed  as  soon  as  the  whole  charge  is  in  and 
the  pressure  rapidly  raised  to  70-80  lbs.  per 
square  inch.  As  soon  as  the  conversion  is  com- 
Ijletc,  the  charge  is  forced  through  the  valve  r 
and  conveyed  through  a  pipe  to  the  neutralising 
vats. 

Johnson  (E.  P.  1875,  810)  has  introduced 
a  modification  of  this  apparatus.  The  parts  are 
essentially  the  same,  the  modification  being  such 
as  to  enable  conversion  to  be  made  with  mo- 
derately dry  material. 

Fig.  9  shows  the  working  parts  of  this  con- 
verter.   The  charge  of  prepared  material  is 
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measured  into  the  leaden  hopper  a  attached  to 
the  floor  above.  The  lid  n  of  the  converter  c  is 
then  opened  and  the  funnel-shaped  copper  vessel 
n  fitted  into  the  opening;  the  slide  valve  l  is 
then  opened  and  the  charge  allowed  to  pass  into 
tfie  converter.  When  this  is  accomplished,  the 
Junncl  is  removed  and  the  lid  n  screwed  tight, 
taps  3  and  2  are  closed  and  steam  from  the 
boilers  admitiod  through  tap  1;  the  pressure 
being  rapid  y  brought  to  75  lbs.  per  square  inch. 
At  the  end  of  a  minute  the  charge  becomes 


I  liquid ;  meantime  a  quantity  of  water  equal  in 
bulk  to  the  charge  at  a  pressure  of  80  lbs.  is 
measured  by  i^ressure  gauge  into  the  vessel  m  by 
tap  4  ;  tap  1  is  then  closed,  tap  3  opened  and 
I  the  superheated  water  from  m  forced  into  the 
I  converter,  this  tap  is  again  closed  and  the  pres- 
sure kept  up  by  again  admitting  steam  through 
tap  1.  When  the  conversion  is  completed, 
which  is  generally  in  about  3-4  minutes,  the 
charge  is  forced,  by  opening  tap  2,  into  the 
neutralising  vat.  At  the  top  of  the  steam  inlet 
to  converter  there  is  a  valve  opening  upwards  : 
this  prevents  the  return  of  any  of  the  contents 
of  the  converter  into  the  measuring  vessel.  The 
converter  is  made  of  an  alloy  of  11  parts  tin  and 
89  parts  copper,  both  metals  being  as  pure  as 
possible,  care  being  especially  taken  that  they 
are  free  from  zinc.  This  alloy  resists  the  action 
of  dilute  acids  for  years. 

Many  other  forms  of  closed  converter  are  in 
use,  the  material  being  copper  or  gun-metal,  in 
which  the  heat  is  supplied  by  a  steam  coil  or 
naked  steam,  or  both.  In  these  the  parts  are 
essentially  the  same  as  in  the  apparatus  de- 
scribed. 

The  operations  involved  in  the  manufacture, 
whatever  converter  is  used,  are  as  follows. 
Half  the  sulphuric  acid  is  mixed  with  half  the 
water  in  a  separate  vat  constructed  as  the  con- 
verter (fig.  1),  with  or  without  coil,  and  at  such 
a  temperature  that  the  heat  of  the  dilute  acid  will 
be  just  less  than  the  gelatinising  point  of  the 
starch  of  the  material  employed.  This  vat  is 
furnished  with  stirring  gear,  and  placed  under  a 
hojiper,  in  which  is  stored  the  starch  or  starchy 
substance.  When  the  dilute  acid  is  at  the  right 
temperature  the  material  is  allowed  to  flow  into 
it,  the  stirring  gear  being  kept  in  motion ;  a 
milk  of  starch  in  dilute  acid  is  thus  obtained. 
Meanwhile  the  remaining  half  of  the  acid  and 
water  are  introduced  into  the  converter  and 
heated  to  boiling,  then  the  starch-milk  is  run 
in  at  such  a  rate  that  the  temperature  does  not 
fall  far  below  boiling,  and  the  introduction  should 
be  effected  as  rapidly  us  possible  ;  this  is  accom- 
plished by  having  a  coil  sulHcieiitly  powerful,  in 
the  case  of  the  open  converter,  and  a  snfticient 
supply  of  high-pressure  steam,  in  the  case  of  the 
closed  ones.  With  an  open  converter  we  have 
soon  the  product  known  as  dextrin-maltose  (E.  P. 
1874,  3009),  the  proportion  of  material,  water, 
and  acid  being  those  given  above,  produced  from 
maize  starch  in  one  hour,  and  from  sago  in  a 
slightly  less  time,  and  a  product  obtained  after 
three  and  a  half  hours'  digestion,  which  yielded 
by  the  usual  after-treatment,  but  without  the 
use  of  charcoal,  a  solid  sugar,  of  fair  aver- 
age colour  and  normal  composition.  The  time 
required  in  the  pressure  converters  is  less ;  in 
the  wooden  vessels  with  a  steam-pressure  of 
15-20  lbs.  per  sq.  in.,  if  the  steam  injecter  is 
sulliciently  powerful  to  keep  the  temperature  up 
to  boiling  and  admit  of  the  rapid  introduction 
of  the  acid  starch  milk,  dextrin-maltose  compo- 
sition can  be  arrived  at  in  3."(  minutes  with 
maize  starch  and  in  a  sliglitly  less  time  with 
sago,  and  a  solidiliable  sugar  in  less  than  2 
hours.  The  higher  the  pressure  employed,  the 
less  time  required  for  conversion  ;  but,  as  has 
been  pointed  out  above,  the  time  factor  can 
easily  be  arrived  at  for  any  material  by  an  exa- 
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mination  of  the  produefs  of  a  few  conversions 
at  different  stages.  Johnson,  using  starch  satu- 
rated with  hydrochloric  acid  (about  0'25  p.c. 
real  acid  on  the  starch),  says  he  obtains  glucose 
in  1-2  minutes. 

b.  The  neutralisation. — Finely-ground  chalk 
is  used  to  neutralise  the  acid  employed  in  the 
conversion.  The  chalk  is  converted  into  a  milk 
with  water,  and  gradually  introduced  into  the 
converted  liquid.  This  is  usually  done  in  a 
separate  vessel.  The  milk  of  chalk  is  made  in  a 
small  vat  fitted  with  stirring  gear,  and  then  run 
through  properly  gauged  taps,  with  the  con- 
verted liquid,  into  a  vat,  also  furnished  with 
stirring  gear.  About  12  lbs.  of  powdered  chalk 
are  taken  for  every  10  lbs.  sulphuric  acid  em- 
ployed ;  this  is  more  than  the  theoretical  quan- 
tity, but  it  is  found  to  answer  in  practice,  owing 
no  doubt  to  the  insolubility  of  a  portion  of  the 
chalk.  The  neutralised  liquid  is  kept  stirred 
for  some  time,  and  is  then  allowed  to  rest.  It  is 
found  best  to  allow  it  to  cool  and  settle  gradu- 
ally, and  then  draw  oft  the  clear  portion ;  but 
where  vat  room  is  a  consideration  the  neutralised 
liquid  is  run  immediately  to  the  filter  presses. 
Calcium  hydroxide  and  other  alkalis  have  been 
mentioned  as  neutralising  agents,  but  calcium 
carbonate  gives  the  best  results,  as  the  least 
trace  of  alkali  in  excess  colours  the  liquid  by 
acting  on  the  dextrose. 

c.  Tlic  filtration. — The  neutralised  liquid  can 
be  freed  from  calcium  sulphate  and  other  in- 
soluble matters  by  filtration  through  Taylor's 
lilter  bags,  or,  as  is  very  generally  the  case  now, 
through  presses  of  one  kind  or  another,  being 
various  improvements  on  Needham  and  Kite's 
tiltor-press.  One  of  the  best  forms  of  this  made 
in  this  country  is  Johnson's  (i'.  Filtkation). 

d.  Decolonrisation. — The  clear  filtered  solu- 
tion, if  too  highly  coloured,  is  passed  through 
animal  charcoal  towers,  of  the  same  construction 
as  those  described  under  Sugar.  Sulphurous 
acid  is  sometimes  used  in  bleaching  the  product. 
Von  Korvin-Sakovicz  a.  Eosenblum  (G.  P.  2118, 
Feb.  1,  1883),  decolourise  converted  syrup  by 
treating  it  at  15°  with  '2  p.c.  of  potassium  per- 
manganate on  the  starch  employed,  and  filtering 
the  decolourised  syrup  as  usual. 

e.  Concentration. —  This  operation  is  now,  as 
a  rule,  effected  in  vacuum  pans  {v.  Sugar),  and 
is  considered  complete  when  the  syrup  contains 
about  82  13. c.  solid  matter,  i.e.,  reaches  a  sp.gr. 
1-50.  It  is  then  run  into  moulds,  usually  cone- 
shaped  vessels,  in  which  on  standing  and  cooling 
it  solidifies  after  a  short  time.  This  is  hastened 
by  the  introduction  of  some  previously  solidified 
sugar.  The  solidified  mass  extracted  from  the 
mould  by  a  short  immersion  in  hot  water  is 
broken  into  irregular  lumps,  in  which  form  it 
appears  in  the  market.  The  colour  of  the  com- 
mercial parcels  varies  from  pure  white  to  dark 
brown ;  this  depends  on  the  character  of  the 
material  employed  (the  purity  and  variety  of 
the  starch),  on  the  mode  of  conversion,  and 
the  extent  to  which  the  decolonrisation  was 
carried.  The  composition  is  also  very  variable, 
but  the  constituents  in  all  are  the  same,  viz., 
dextrose,  maltose,  dextrin,  unfermentable  organic 
bodies,  and  ash.  Very  few  samples  contain 
dextrin,  some  few  maltose,  and  the  propor- 
tion of  unfermentable  bodies  varies  very  much, 
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being  sometimes  as  high  as  1.5  p.c.  The  syrups 
contain  a  large  percentage  of  dextrin  and 
maltose. 

/.  Purification  {refining). — For  some  pur- 
l^oses  it  is  desirabLi  to  eliminate  the  impurities 
and  to  furnish  pure  dextrose  as  a  commercial 
article. 

Soxhlet  (Ci.  P.  17,465  and  17,520,  Octo 
ber  11,  1881 ;  J.  pr.  21,  227)  proposed  to  effect 
this  object  by  evaporatir.g  the  clear  colourless 
converted  solution  in  a  vacuum  to  about  85 
p.c.  solid  matter  (sp.gr.  1-520),  dissolving  the 
syrup  in  boiling  strong  methyl  alcohol,  and  run- 
ning the  solution  into  cone-shaped  vessels 
capable  of  being  closed  at  the  apex.  The  sugar 
crystallises  in  from  two  to  three  days,  and  the 
mother  liquor  can  be  drawn  otf.  A  dense  hard 
sugar  is  obtained  by  feeding  the  crystals  with  a 
solution  containing  100  parts  concentrated 
syrup  in  80-100  parts  methyl  alcohol,  and 
allowing  to  stand  for  a  time  ;  this  is  repeated 
until  the  cones  are  full  of  a  dense  crystallised 
mass,  when  the  mother  liquor  is  drained  off 
and  the  loaves  washed  with  methyl  alcohol. 
The  first  crystallisations  are  obtained  at  a 
temperature  of  30°,  the  final  ones  at  50°-60°. 
The  methyl  alcohol  is  recovered  from  the 
loaves  and  mother  liquors  by  distillation  in  a 
vacuum. 

Beher  (B.  15,  1104;  G.P.  21,401,  1S82)  ob- 
tained a  pure  commercial  dextrose  by  taking  the 
converted  syrup  concentrated  normally  to  82  p.c. 
solids  containing  at  least  85  p.c.  dextrose,  add- 
ing some  crystals  of  anhydrous  dextrose,  and 
maintaining  the  temperature  at  30°-35°.  After  a 
short  time  an  abundant  crop  of  dextrose  is  pro- 
duced, and  is  capable  of  being  obtained  in  the 
dry  state  by  treatment  in  a  centrifugal  apparatus 
(v.  Sugar).  With  purer  converted  products, 
i.e.  containing  a  higher  percentage  of  sugar, 
anhydrous  dextrose  crystallises  out  at  30"-35°. 
The  first  crystallisations  are  washed  with  methyl 
alcohol,  this  being  recovered  by  distillation. 
]  According  to  the  English  patent  the  crystals 
from  87  p.c.  sol.  with  a  good  conversion  can 
be  obtained  sufficiently  dense  to  be  separated 
by  a  centrifugal  machine.  This  product  is 
found  in  the  market. 

Seyberlich  and  Frampedach  (E.  P.  8,000,  July 
1,  1883,  D.  P.  J.  271,  512)  convert  starch  by 
nitric  acid,  neutralise  the  converted  liquid  with 
chalk  and  make  strongly  alkaline  with  sodium 
carbonate,  and  evaporate  the  alkaline  liquid  to 
33°-36°B.  Dextrose  separates  on  cooling  in  firm 
bold  crystals,  which  can  be  freed  from  the 
mother  liquor  by  a  centrifugal  machine. 

For  estimation  of  dextrose  and  mode  of 
analysis  of  these  products  v.  S.\ccharimetry. 

Glucose  from  cellulose. — Wood,  rags,  paper, 
or,  in  fact,  any  kind  of  vegetable  fibre,  have  also 
been  proposed  as  materials  for  the  preparation 
of  dextrose,  some  mineral  acid  being  the  con- 
verting agent ;  but  the  change  takes  place  with 
greater  difficulty  than  with  starch.  Braconntt 
(A.  1820,  12,  172)  observed  that  beech  shav- 
ings were  blackened  and  disintegrated  when 
wetted  with  sulphuric  acid  ;  the  chief  product 
was  almost  completely  soluble  in  water.  The 
solution,  after  neutralising,  filtering,  and  evapo- 
rating, yielded  a  white  sugar  resembling  glucose 
'  from  starch.  Bayrhammer  (Berz.  Jahres.  1,  107) 

'  TT  TT 
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made  similar  observations  with  regard  to  birch 
sawdust.  There  does  not  appear  to  be  a  pro- 
duct from  this  source  in  the  market. 

O'S.  &  H. 

Further  on  this  subject  v.  Gay-Lussac,  A. 
Chim.  1820,  1 ;  D'.bereiner,  Pneumatic  Chem. 
Jena,  1822,3,48;  Leuchs,  Tech.  Encv-  Niirn- 
berg,  183.5, 3,206;  Pelouze,  D.  P.  J.  1.51,  391 ;  Pet- 
tenkofer.  Gall's  pract.  Mitth.  18,55,  1,  14C  a.  87  ; 
article  in  Gibbs's  Ann.  03,  357  ;  D.  P.  J.  25,  81 ; 
"Wagner's  Jahresb.  1872,  597;  Dauziville,  B. 
14,  385 ;  Pochez,  B.  15,  97 ;  Le  Mve  and 
Peyster,  E.  P.  11,407,  August  18,  1884  ;  Lesper- 
ment,  S.  C.  I.  1884,  645  ;  Clarke,  E.  P.  11,557, 
August  22,  1884  ;  Behr,  E.  P.  9,797,  July  5, 1884, 
and  17r)7,  February  9,  1885. 

DHAUEA.  A  gum  obtained  from  Aiiogeissrts 
latifolia.  It  is  extensively  used  in  India  in 
calico-printing  ;  it  occurs  in  clean  straw-coloured 
elongated  masses,  sometimes  honey-coloured  or 
even  brown  from  impurities.  As  an  adhesive 
gum  it  is  inferior  in  strength  to  gum  arable.  In 
India,  the  reputation  of  this  gum  stands  high 
with  the  calico-i^rinters,  especially  of  Lucknow, 
and  it  is  probable  it  possesses  some  specific 
peculiarity  justifying  the  preference,  since  it  is 
used  with  certain  dyestulfs,  such  as  with  haldi 
(Circuma  longa),  while  gum  arable  or  '  babool '  is 
used  with  madder  (Rubia  cordifolia)  (Watts' 
Economic  Products  of  India). 

DIALOGUE.  Manganese  carbonate  v.  Man- 
ganese. 

DIAMIDO-BENZENES.   Phenylene  diamine 

V.  DlAMIN]',S. 

BIAMIDO-TOLUENES.  Tolmjlene-diamines 
V.  Diamines. 

DIAMINES.  Biamido-  compoiinds.  The  di- 
amines may  be  regarded  as  derived  either  from 
the  hydro-carbons  by  the  replacement  of  two 
hydrogen  atoms  by  two  amido-  groups,  or  from 
two  molecules  of  ammonia  by  the  introduction 
of  a  dyad  hydrocarbon  radicle  in  the  place  of 
two  atoms  of  hydrogen. 

The  diamines  of  the  fatty  series  are  obtained 
(1)  by  heating  the  alkylene  dihaloids  with  am- 
monia : 

CH,C1.CH,C1  +  2NH3 

Ethylene  dichloriJe 

=  CH,,(NH,).CH.,(NH,),2HCI 

Etliyleiie-diamiiie  \\)  dcochloride 
(Cloez,  J.  1853,  468).    Secondary  and  tertiary 
diamines  are  formed  at  the  same  time.    (2)  By 
the  reduction  of  the  nitriles  of  dibasic  acids  with 
zinc  and  hydrochloric  acid  : 

CN.CN  -f  4H,  =  CH,(NH,).CH,(NH..) 
(Fail-ley,  C.  J.  1864,  302).    The  fatty  diamines 
are  only  of  theoretical  interest. 

Tiie  diamines  of  the  benzene  series  are  ob- 
tained by  the  reduction  of  the  dinitro-  compounds 
or  of  the  nitranilincs. 

Phonylene-diamines  {'Diamido-bcnzcnes) 
C,.H,(iNH,),. 

Tlieory  predicts  the  existence  of  three  of  these, 
all  of  which  are  known. 

1.  o-Phenylcnc-diaminc,  C„B,(NH.,).,  (1,  2). 
First  obtained  by  Griess  by  the  distillation  of 
o-m-  and  m-p-  diamidobenzoic  acid  : 

C„H3(C00H)(NH.J.,  =  C,H.(NHJ..  +  CO, 

(1,1',  3,  on,  3,1)  (1,2) 

(J.  pr.  [2J  3, 143).  By  the  reduction  of  o-nitraui- 


line  C„H,(NO,)(XH..)  (1,2)  (Zincke  and  Sinleuis, 
B.  C,  123),  orofo-dinitrobenzeneC.H,(XO.)j  (1,2) 
(Rinne  and  Zincke,  B.  7,  1374),  with  tin  and 
hydrochloric  acid. — Crystallises  from  water  in 
laminie,  melting  at  102°.  Boils  at  252°.  Readily 
soluble  in  water,  alcohol,  and  ether.  Diarid 
base:  the  sulphate  2 [C„H,(Ntt,),,H.,S0,],3H.,0 
forms  nacreous  laminic.  Like  many  other  ortho- 
compounds  o-phenylene-diamine  readily  forms 
condensation  products  containing  closed  lateral 
chains.  Thus  with  nitrous  acid  it  yields  azimido- 
benzcne : 

^'^'<S^  +  S^'O^  =  C,H.<^^>N  -f-  2H,0 

(Ladenburg,  B.  9,  219;  c/.  Nolting  and  Abt,  B. 
20,  2299).  Wlien  boiled  with  acetic  acid  it  forms 
etlmiylplicmjlene-diaminc : 

C,H^<;|g=-fCH,.CO.H 
=  C,H,<:^^^^C.CH,  -I-  2IL0 

(Ladenburg,  B.  8,  677) ;  other  acids  convert  it 
into  similar  compounds.  It  condenses  with  two 
molecules  of  benzaldehyde  yielding2'''<;",'/"'''"'''^- 
dehydinc  (benzyl-benzenylphenylene-diamine) : 

C,H,<;^!g-  -I-  2C,H,.CH0 

^  C,H.<5j5£^>C.C,H,  -H  2HP 

(Ladenburg  and  Engelbrecht,  B.  11,  1653;  cf. 
Hinsberg,  B.  19,  2025).  With  a-dicarbonyl- 
compounds  it  condenses  to  form  quinoxalincs 
(azines) : 

CHO  /N--CH 
•VXR  +  I       =C.h/  I     il  +2B.O 

Glyoxal  Quiiioxaline 
(Hinsberg,  B.  17,  320;  cf.  Witt,  B.  19,  915). 

2.  m-Phcnylcnc-diaminc,  C^H,(NH.)...  (1,  3). 
By  reducing  ?(i-dinitrobenzene  or  »i-nitianiline 
with  iron  tilings  and  acetic  acid  (Ilofniann,  Pr.  11, 
518  ;  12,  639),  or  with  tin  and  hydrochloric  acid 
(Gerdcniann,  Z.  181)5,  01).  By  reducing  cither 
(1,  2,  4)-  or  (1,  2,  6)-dinitrobcnzoic  acid  with  tin 
and  hydrochloric  acid,  the  carboxyl-group  being 
eliminated  in  the  process  (Zincke  and  Siiitenis, 
B.  5,  791 ;  Griess,  B.  7,  1223).  On  a  manufac- 
turing scale  it  is  prepared  by  reducing  dinitro- 
benzcne  with  iron  turnings  and  hydrochloric 
acid.— Separates  from  its  solutions  as  an  oil 
which  does  not  readily  solidify  unless  brought 
in  contact  with  a  crystal  of  the  base.  Melts 
at  63°,  and  boils  at  287°.  Readily  soluble  in 
water.  If  sodium  nitrite  is  added  to  a  neutral 
solution  of  7M-iihenylene -diamine  hydrochloride, 
triamido-azobcnzcne  yphcnylcnc  brown,  Bismarck 
brown,  vesuvine)  is  formed  : 

2C,H,(NR,),„HC1  -^  NaNO., 
=  NH,.C,H,.N,.C,H,(i\H,).,  +  NaCl  +  HCl  +  2H  ,0. 

By  means  of  this  reaction  the  presence  of  1  part 
of  nitrous  acid  in  10,000,000  parts  of  water  may 
be  detected  by  the  yellow  colouration  which  is 
produced  when  a  solution  of  ?)(-phenylene- 
diamine  iu  excess  of  suli)huric  acid  is  added 
(Griess,  B.  11,  024  ;  Tieniann  and  Preusse,  B.  11, 
627).  By  the  action  of  a  diazobenzene  salt  on 
?)i-phenylene-diamine,  chryso'idine  (unsymme- 
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trical  diamido-azobenzene)  is  pioduced.  In  tlie 
manufacture  of  phenylene-brown  and  clirysoidine 
the  solution  of  crude  );t-plienylene-diamine  liy- 
drocliloride  obtained  by  the  reduction  of  )«-di- 
nitrobenzene  is  employed,  without  first  isolating 
the  base.  A  violet  colouring  matter  is  obtained 
by  heating  ?H-phenylene-diamine  with  aniline 
hydrochloride  to  190-200°,  and  a  blue  colouring 
matter  by  heating  it  witli  oi-phenylene-diamine 
hydrochloride  (Krause,  B.  9,  835). 

p-Fhcnylcnc-diamina  C,jH|(NHo).,.  Obtained 
by  reducing  ^j-dinitrobenzene  (Rinne  and  Zincke, 
B.  7,  871),  or  p-nitraniline  (Hofmann,  Pr.  12, 
639),  or  amido-azobenzene  (Martins  and  Griess, 
J.  pr.  97,  263),  with  tin  and  hydrochloric  acid, 
aniline  being  formed  simultaneously  in  the  case 
of  amido-azobenzene.  Along  with  diamido- 
diphenylamine  by  reducing  aniline-black  with 
tin  and  hydrochloric  acid  or  with  hydriodic  acid 
and  amorphous  phosphorus  (Nietzki,  B.  11, 
1097).  By  distilling  (1,  2, 5)-diamidobenzoic 
acid  (Griess,  B.  5,  200). — Crystals,  melting  at 
147°.  Boils  at  267°.  Sublimes  in  leaflets, 
lieadily  soluble  in  water,  alcohol,  and  ether. 
Yields  on  oxidation  quinone.  By  heating  it  with 
sulphur  to  150-180°  it  is  converted  into  diamido- 
thiodiphenylamine  (leucothioninc,  Laittli's  white) 

^^^\C,H3(NH,)/^ 

which,  when  oxidised  with  ferric  chloride,  yields 
thionine  (Lauth's  violet) 

/C„H,(NH,X 
I  \C^H,(NH  )/^- 

I       "  I 

The  latter  colouring  matter  may  also  be  obtained 
by  the  simultaneous  oxidation  of  jj-phonyleue- 
diamine  and  sulphuretted  hydrogen  by  ferric 
chloride  in  aqueous  solution  (Lauth,  C.  R.  82, 
1441 ;  Bl.  25,  422  ;  Bernthsen,  A.  230,  108),  If 
dimethyl -jj-phenylene-diamine 

C„Hj(NMe,,)(NH,) 
is  substituted  for  jj-phenylene-diamine  in  the 
foregoing  reaction,  tetramethylthionine  (mcthrjl- 
cne-bluc)  is  formed  (u.  Methylene-blde). 

Toluylene-diamiaes  ( Diamido-toliicncs) 
C„H3(CH,)(NH,),. 
Six  toluylene-diamines  are  theoretically  possible, 
of  which  five  have  been  prepared.    Only  two  of 
these,  however — a-  and  7-toluylene-diamine — 
are  of  technical  importance. 

a-Tohi!jlene-dia>ninoG^B..,{CH,)(tiH._).,{l,2A). 
Obtained  by  the  reduction  of  the  corresponding 
dinitrotoluene  (m.p.  71°)  (Beilstein,  A.  130,  242  ; 
158,  350).— Needles,  melting  at  99°.  Boils  at 
283-285°.  Sparingly  soluble  in  cold,  readily- 
soluble  in  boiling  water,  in  alcohol,  and  in  ether. 
Forms  crystalline  salts.  As  the  two  amido-  groups 
in  this  compound  are  in  the  meta- position  to  one 
another,  it  is  an  analogue  of  lii-phenylene- 
diamine,  which  it  resembles  in  many  of  its  re- 
actions :  thus  o-toluylene-diamine  may  either 
wholly  or  in  part  replace  the  ?)i-phenylene- 
diamine  used  in  the  manufacture  of  plienylene- 
brown,  producing  colouring  matters  the  shade  of 
which  is  redder  than  that  of  ordinary  phenylene- 
brown. 

y-Tohiijleue-diamine  C„H3(CH.,)(NH,,),(1,  2,  6) 
is  obtained  by  tlie  reduction  of  the  corresponding 
m-nitro-o-toluidine  C,H3(CH3)(NH,)(NO,)(l,  2,  5) 


with  tin  and  hydrochloric  acid  (Beilstein  and 
Kuhlberg,  A.  158,  350  ;  Ladenburg,  B.  11,  1651). 
Formed  along  with  o-toluidine  when  the  amido- 
azotoluene  prepared  from  o-toluidine  is  treated 
with  the  same  reducing  agent: 


NH., 

CH,  "  CH3 


The  two  bases  may  be  separated  by  fractional 
distillation  (Nietzki,  B.  10,  832).  This  reaction 
is  utilised  in  preparing  the  mixture  of  o-toluidine 
and  7-toluylene-diamine  which,  after  the  addition 
of  a  second  molecule  of  a  monamine  (either 
aniline  or  0-  or  jp-toluidine),  yields  on  oxidation 
saft'ranine.  On  a  large  scale  the  amido-azo- 
toluene  is  reduced  with  iron  turnings  and  hydro- 
chloric acid. —  Crystallises  in  colourless  rosettes 
of  tabular  crystals  melting  at  65°.  Boils  about 
280°.  Readily  soluble  in  water,  alcohol,  and 
ether,  sparingly  soluble  in  benzene.  Yields  on 
oxidation  toluquinone  C^,H3(CH3)0.m 

Similar  diamines  have  been  prepared  from 
naphthalene  and  other  hydrocarbons.  F.  R.  J. 

DIAMINE  RED    3B    v.    Azo-  colouring 

JIATTEIiS. 

DIAMOND.  A  natural  form  of  carbon,  crys- 
tallising in  the  cubic  system.  The  commonest 
forms  are  the  regular  octahedron,  the  rhombic 
dodecahedron  and  the  six-faced  octahedron,  all 
others  being  subordinate  to  these,  and  occurring 
generally  in  combination  with  them.  The  forms 
are  to  some  extent  characteristic  of  the  locality : 
thus  the  octahedron  is  common  in  Cape  stones, 
while  Brazil  yields  rhombic  dodecahedra  and 
six-faced  octahedra.  It  is  notable  that  the  faces 
of  diamond  crystals  are  often  curved,  and  the 
six-faced  octahedron,  with  its  48  rounded  faces, 
may  become  almost  a  sishere.  The  curvature  is 
in  some  cases  due  to  a  lamellar  structure 
(Schalenbildung),  the  component  lamellic  regu- 
larly decreasing  in  size  towards  tlie  centre  of 
each  face.  In  a  glazier's  diamond  it  is  necessary 
that  tlie  cutting  edge  be  cusped.  The  faces  of 
diamond  crystals  are  often  striated  parallel  to 
the  edges  of  the  octahedron  ;  they  also  exhibit 
impressions,  or  indentations,  frequently  of  tri- 
angular shape,  and  it  is  noteworthy  that  similar 
impressions  may  be  artificially  developed,  as 
shown  by  G.  Rose,  by  subjecting  diamonds  to 
intense  heat,  without  access  of  air  (Ueber  das 
Vorhalten  d.  Diamants  u.  Graphite  bei  d.Erhitz- 
ung,  Monatsb.  Berl.  Ak.  1872,  516). 

The  frequent  occurrence  of  triangular  depres- 
sions on  Cape  diamonds  has  been  adduced  as 
proof  of  their  exposure  to  subterranean  heat. 

Twin  crystals  of  diamond  are  not  uncom- 
mon ;  and  flat  triangular  hemitropes,  splitting 
easily  along  the  plane  of  union,  are  known  to 
the  Amsterdam  workers  as  Nahtstcinc.  (On  the 
crystallisation  of  diamond,  v.  Sadebeck,  Monatsb. 
Berl.  Ak.  1876,578;  Hirschwald,Zeits.f.  Krystal. 

i.  1877,  212;  and  Weiss,  N.  Jahrb.  f.  Min.  1880, 

ii.  12.) 

The  cleavage  of  the  diamond  is  perfect 
parallel  to  the  faces  of  the  octahedron.  The 
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cutter  frequently  takes  advantage  of  this  cleavage 
in  removing  portions  disfigured  by  Haws,  and  in 
dressing  rough  stones  to  be  cut  as  brilliants. 
Notwithstanding  the  ancient  beUef  that  a  true 
diamond  could  bear  the  blow  of  a  hammer,  it  is 
rather  a  brittle  stone,  not  only  splitting  along 
the  cleavage-planes,  but  breaking  elsewhere 
with  a  conchoidal  fracture.  The  hardness  of 
the  diamond  is  indicated  as  10  on  the  mineralo- 
gical  scale,  but  it  is  so  greatly  superior  to  that 
of  any  other  mineral  that  this  is  merely  an 
arbitrary  expression.  Crystals  from  different 
localities  vary  considerably  in  degree  of  hardness : 
thus,  lapidaries  assert  that  Indian  diamonds  are 
harder  than  the  Brazilian,  and  these,  again, 
harder  than  South  African  stones.  The  hard- 
ness may  vary  on  different  faces  of  a  sir  gle  cr  s- 
tal,  and  even  in  different  directions  on  the  same 
face.  The  sp.gr.  of  diamond  ranges  from  3  ;j09 
to  3'550,  the  mean  being  about  3-514  (Schriitter). 
Bnumhauer  detenuined  the  density  of  a  nearly 
colourless  Cape  diamond  to  be  3-SlSl'2. 

Diamonds  vary  greatly  in  colour.  The  purest, 
or  stones  of  the  '  first  water,'  are  practically 
colourless  ;  while  certain  stones,  known  as  '  blue 
whites,'  incline  to  a  faint  bluish  tint ;  the  best 
example  of  this  type  being  the  Porter-Ehodes 
diamond — a  stone  of  150  carats,  found  at  the 
Cape  in  1880.  Most  of  the '  off-coloured  '  stones 
present  yellow  or  brown  tints ;  the  colour  cannot 
be  discharged  by  heat,  but  yellow  diamonds  have 
sometimes  been  washed  with  dilute  violet  ink, 
whereby  the  tint  is  superficially  neutralised.  The 
dark  colour  of  some  diamonds  has  been  doubt- 
fully referred  to  the  presence  of  crowds  of  minute 
internal  cavities,  revealed  by  microscopic  exami- 
nation (Brewster). 

While  ofl'-coloured  stones  are  of  compara- 
tively small  value,  those  which  possess  a  pro- 
nounced and  pleasing  colour  are  highly  prized  as 
'  fancy  stones.'  A  deep-red  colour  is  the  rarest. 
The  famous  Hope  diamond  is  a  fine  sapphire- 
tinted  stone  of  44^  carats ;  while  the  Saxon 
diamond,  in  the  Griine  Gewolbe  in  Dresden, 
presents  a  delicate  green  colour. 

The  index  of  refraction  is  higher  in  diamond 
than  in  any  other  known  transparent  substance. 
According  to  Dcs  Cloiseaux,  it  is  2-414  for  red 
rays,  and  2-4'28  for  green.  It  was  the  high 
refraction  of  diamond  that  led  Newton  to  con- 
jecture that  it  might  be  '  an  unctuous  substance 
coagulated.'  The  character  of  the  lustre  is  | 
known  as  adamantoid.  Much  of  the  brilliancy 
of  the  polished  stone  is  due  to  its  small  critical 
angle  (24°  24'),  since  a  very  large  proportion  of 
the  rays  entering  the  diamond  must  be  neces- 
sarily returned  by  total  reffection.  The  coefficient 
of  dispersion  is  higher  than  in  most  transparent 
bodies  ;  it  is  given  by  Jannettaz  as  0-044.  Ex- 
amined in  polarised  light  many  diamonds  exhi- 
bit an  anomalous  behaviour,  apparently  due  to 
internal  strain.  Brewster,  who  supposed  that 
the  diamond  might  have  been  originally  a  vege- 
table gum,  explained  the  depolarising  action 
which  certain  diamonds  display  between  crossed 
nicols  as  the  result  of  tension  cau.sed  by  included 
bodies.  Chatrian  has  found  a  crystal  of  iron 
pyi-ites  in  a  Brazihan  diamond. 

After  exposure  to  solar  light,  the  diamond 
becomes  highly  phosphorescent,  and  different 
faces  of  the  same  crystal  may  emit  rays  of  dif- 


■  ferent  colours.  Submitted  to  molecular  dis- 
charge inCrookes's  exhausted  tubes,  the  diamond 
'  glows  with  great  brilliancy.  On  exposure  to  the 
heat  of  the  electric  arc,  it  swells  up,  cracks  ou 
the  surface,  and  becomes  coated  with  a  substance 
j  resembling  graphite.  In  its  ordinary  state  the 
diamond  does  not  conduct  electricity,  but  the 
coke-like  mass  obtained  by  exposure  to  the  arc 
is  a  good  conductor. 

The  study  of  the  action  of  heat  upon  the 
diamond,  with  and  without  the  presence  of  air, 
gave  the  earUest  clue  to  its  chemical  composi- 
tion. The  famous  experiment  of  the  Florentine 
academicians,  Averani  and  Targioni,  made  ia 
1094,  at  the  instance  of  the  Grand  Duke  Cosmo 
III.,  showed  that  it  could  be  volatilised  by  heat. 
In  1751  the  Emperor  Erancis  I.  caused  a  quan- 
tity of  diamonds  and  rubies  to  be  placed  in  a 
crucible  and  exposed  to  great  heat,  when  it  was 
found  that  the  diamonds  disappeared,  while  the 
rubies  were  fixed.  Darcet  afterwards  snowed 
that  though  the  diamonds  vanished  if  heated  in 
an  oiien  crucible,  they  remained  unaltered  if  air 
were  completely  excluded.  In  1772  Lavoisier 
demonstrated  that  the  diamond  is  truly  com- 
bustible, and  yields  carbon  dioxide ;  and  it  was 
subsequently  shown  by  Smithson  Tennaut  that 
equal  weights  of  charcoal  and  of  diamond  gave 
equal  weights  of  this  gas.  By  heating  diamond 
with  iron,  Guyton  de  Morveau  obtained  steel, 
and  thus  indirectly  showed  the  probable  com- 
i  position  of  the  mineral.  The  experiments  of 
Davy,  in  1810,  proved  that  the  diamond  was 
practically  pure  carbon  :  a  result  confirmed  by 
the  refined  investigations  in  determining  the 
atomic  weight  of  carbon  by  Dumas  and  Stas, 
and  subsequently  by  Eoscoe  and  by  Eriedel.  The 
behaviour  of  diamonds  when  exposed  to  high 
temperatures  in  various  gaseous  media  has  been 
studied  by  M.  Morrcn  (C.  E.  70,  900). 

On  the  combustion  of  the  diamond  there 
remains  a  quantity  of  a  colourless  or  reddish 
ash,  varying  from  one  five-hundredth  to  one 
two-thousandth  of  the  original  weight  of  the 
mineral.  Microscopic  examination  of  this  deli- 
cate spongy  ash  led  Giippert,  Petzholdt,  and 
others  to  believe  that  it  shows  traces  of  cellular 
tissue,  suggestive  of  a  vegetable  origin. 

Various  hypotheses  have  been  advanced  to 
explain  the  origin  of  the  diamond,  but  these 
have  rarely  been  subjected  to  experimental  veri- 
fication or  disproof.  Liebig  suggested  the  decom- 
position of  liquid  hydrocarbons,  w'liilc  Chancour- 
tois  and  others  have  resorted  to  hydrocarbo- 
naceous  vapours.  Carvell  Lewis,  basing  his 
opinion  on  the  occurrence  of  diamonds  in  South 
Africa,  derived  the  mineral  from  the  action  of 
eruptive  rocks  on  carbonaceous  shales  (Geol. 
Mag.  1887,  22).  As  many  of  the  minerals  asso- 
ciated with  the  diamond  in  Brazil  have  been 
formed  artilicially  by  the  decomposition  of  chlor- 
ides at  a  high  temperature,  it  has  been  sug- 
gested by  A.  Favre  that  the  decomposition  of 
chloride  of  carbon  may  have  yielded  the  dia- 
mond. Ganiial  attempted  to  obtain  it  from 
carbon  disulphide.  Eeviewing  the  geological 
conditions  under  which  diamonds  occur  in 
various  parts  of  the  world,  it  is  seen  that  these 
are  so  different  in  different  localities  as  to 
suggest  that  the  natural  process  of  diamond- 
making  has  not  been  imiform.    Thus,  in  Brazil 
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and  in  India  the  diamond  appears  to  be  asso- 
ciated with  acid  rocks,  while  in  South  Afiica  it 
occurs  in  a  higlily  basic  rock,  resembling  an 
altered  peridotite. 

The  most  ancient  diamond  mines  are  those  of 
India,  whence  the  precious  stone  has  baen  ob- 
tained from  remote  antiquity.  The  Indian  dia- 
monds are  found  in  river  gravels,  and  in  super- 
ficial deposits  scattered  over  the  country,  while 
occasionally  they  occur  in  sandstones  of  the 
Vindhyan  formation,  but  these  probably  do  not 
represent  the  original  matrix.  In  188J:  diaper 
announced  the  discovery  of  the  diamond  in  a 
pink  pegmatite,  at  Bellary  in  Madras  (C.  E. 
yS,  1884,  H3),  but  this  seems  doubtful.  Dia- 
monds have  been  worked  in  three  extensive 
districts  in  India.  The  mines  of  the  most 
southern  group  are  partly  in  the  Madras  Presi- 
dency and  partly  in  the  territory  of  the  Nizam, 
the  most  famous  workings  having  been  those  on 
the  Kistna  and  Godavery  rivers,  improperly 
known  as  the  mines  of  Golconda.  The  '  Gol- 
conda '  district  yielded  most  of  the  great  his- 
torical diamonds,  such  as  the  Koh-i-nur,  the 
Eegent,  and  the  Great  Mogul ;  and  workings  have 
recently  been  reopened  at  Parteal  (W.  Morgans' 
Eeport,  1889).  Diamonds  also  occur  in  the  dis- 
tricts of  Kudapah,  Bellary,  and  Karnul,  but  most 
of  the  mines  are  now  abandoned.  In  1881  a 
diamond  of  irregular  shape,  weighing  67^  carats, 
was  found  near  Wajra  Karur,  in  the  Bellary 
district,  and  yielded  a  tine  brilliant  of  24|  carats, 
known  as  the  '  Gor-do-Norr  '  (Mallet).  Another 
group  of  diamond  localities  is  situated  in  the 
Central  Provinces  :  at  Sambalpur  on  the  Maha- 
nadi  river,  and  at  Wairagarh.  The  mineral  is 
also  found  in  Chuta  Nagpur  in  Bengal ;  while 
further  to  the  north  is  a  third  group  of  mines, 
including  those  of  Panua  in  Bundelkhand,  still 
worked  on  a  limited  scale.  (For  Indian  dia- 
monds, V.  Manual  of  the  Geol.  of  India ;  vol.  3 
Economic  Geology,  by  V.  Ball,  1881,  and  vol.  4 
'  Mineralogy,'  by  F.  E.  Mallet,  1887.) 

Although  the  sands  of  many  of  the  rivers  of 
Brazil  had  been  long  worked  for  gold,  it  was  not 
until  1727  that  the  occurrence  of  diamonds  in 
association  with  the  precious  metal  was  observed. 
The  distribution  of  the  diamond  is  extensive, 
occurring  locally  in  the  provinces  of  Minas  ! 
Geraes,  Goyaz,  Bahia,  Matto  Grosso,  Parana,  and 
San  Paolo.  The  best-known  locality  is  Diaman- 
tina,  formerly  called  Tejuco,  in  Minas  Geraes. 
The  diamond  occurs  in  gravels  mixed  with  clay, 
and  forming  a  loose  conglomerate  known  as 
cascallw ;  while  if  the  quartz  pebbles  are  less 
rolled,  as  in  the  plateau  gravels,  it  is  termed 
gorgulho.  The  diamond  is  said  to  have  been 
found  in  a  metamorphio  sandstone  called  ita- 
cohtmite,  and  it  is  asserted  that  where  itacolumite 
is  not  present  the  neighbouring  gravels  never 
bear  diamonds.  In  the  Diamantiiia  region  the 
original  matrix  seems  to  be  in  veins  of  quartz 
and  clayey  matter,  carrying  iron  pyrites  and 
tourmaline,  and  traversing  a  series  of  hydro- 
mica  schists  and  itabarites,  with  itacolumite. 
In  the  sands  and  gravels  the  diamond  is  asso- 
ciated with  rutile,  anatase,  brookite,  magnetite, 
hematite,  ilmenite,  &c.  (For  Brazilian  dia- 
monds, V.  papers  by  Orville  Derby  in  Am.  J. 
[3]  24,  1882,  34;  aiid  Gorceix  in  C.  E.  113, 
1881,  981.) 


It  appears  that  the  occurrence  of  diamonds 
in  South  Africa  was  known  certainly  as  far  back 
as  the  middle  of  the  last  century,  yet  it  was  not 
until  1867  that  attention  was  re-called  to  this 
forgotten  discovery.  At  that  time  the  child  of 
a  Dutch  farmer  near  Hopetown  picked  up  among 
the  pebbles  of  the  Vaal  river  a  diamond  weighing 
carats.  Search  in  the  neighbourhood  soon 
led  to  other  discoveries,  one  of  the  earliest  being 
that  of  a  stone  of  83^  carats,  which  came  to  be 
known,  when  cut,  as  "the  Star  of  South  Africa, 
or  the  Dudley  diamond.  The  earliest  workings 
were  '  river  diggings,'  in  the  gravels  of  the  Vaal 
and  some  of  its  tributaries,  especially  near  Pneil 
and  Klipdrift.  The  largest  diamond  obtained 
from  the  river  diggings  was  the  '  Stewart,'  a 
stone  weighing  288^  carats,  found  in  1872  at 
Waldeck's  Plant,  on  "the  Vaal.  On  the  discovery 
of  diamonds  in  the  soil  at  Du  Toit's  Pan,  most 
of  the  river  diggings  were  abandoned  in  favour 
of  what  were  called  '  dry  diggings.'  The  prin- 
cipal mines  at  present  worked  are  those  of 
Kimberley,  De  Beer's,  Du  Toit's,  and  Bultfontein, 
all  within  a  limited  area  in  the  British  territory 
of  Griqualand  West;  but  diamonds  are  also 
worked  at  .lagersfontein,  in  the  Orange  Free 
State—  a  locality  which  yields  diamonds  of 
exceptional  purity,  known  in  the  market  as 
'  glassies.' 

The  South  African  diamonds  occur  mostly 
in  a  serpentinous  breccia,  filling  vertical  pipes, 
which,  piercing  the  surrounding  rooks,  rise  to 
the  surface,  where  their  presence  was  originally 
marked  by  little  hills  or  kopjes.  A  reddish 
sandy  soil  occupied  the  surface,  beneath  which 
occurred  a  deposit  of  calcareous  tufa  ;  this  passed 
downwards  into  the  '  yellow  earth,'  whicli  finally 
merged  into  the  so-called  '  blue  ground.'  The 
yellowish  material  was  simply  the  upper  part  of 
the  blue  earth  more  or  less  altered  by  surface 
agencies. 

It  is  now  generally  believed  that  the  pipes, 
or  chimneys,  are  ancient  volcanic  ducts,  through 
which  the  diamond-bearing  material  has  been 
brought  up  from  some  deep-seated  source.  The 
pipes  traverse  black  and  reddish  shales  of  the 
Karoo  formation,  believed  to  be  of  triassic  age, 
associated  with  sheets  of  basaltic  rocks,  and 
!  resting  upon  a  granite  base.  The  edges  of  the 
schist  are  slightly  upturned,  as  if  by  ijressure 
from  below,  but  they  do  not  show  signs  of  fusion 
or  other  alteration  suggestive  of  a  high  tem- 
perature. The  walls  of  the  chimneys  are  smooth, 
or  vertically  striated,  and  between  the  walls  and 
the  contents  of  the  pipes  there  are  occasional 
hollows  lined  with  crystals  of  calcite,  and  some- 
times yielding  explosive  gases,  apparently  derived 
from  the  carbonaceous  shales. 

The  materials  filling  the  pipes  consist  of 
fragments  of  the  schists  and  other  neighbouring 
rocks,  usually  sharp  at  the  edges  and  not  fused, 
cemented  into  a  hard  breccia  by  a  greenish 
serpentinous  material,  chiefly  a  liydrated  ferro- 
magnesian  silicate,  which  is  probably  an  altered 
enstatite  or  bronzite  (for  analysis,  v.  Maskelyne 
and  Flight,  Quart.  Journ.  Geol.  Soc.  30,  1874, 
406).  The  embedded  diamonds  are  associated 
with  garnets  (pyrope),  sometimes  known  in  trade 
as  '  South  African  rubies  ' ;  with  green  salite,  and 
a  peculiar  mica,  named  by  Maskelyne  Vaalite, 
which  appears  t9  be  an  altered  biotite.  Ilmenite 
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is  present,  and  is  sometimes  mistaken  for  car- 
bonado or  black  diamond.  Among  the  otlier 
associates  of  the  diamond  are  iron  pyrites,  mag- 
netite, and  zircon.  It  is  notable  that  the  dia- 
monds are  often  fragmentary,  and  neighbouring 
fragments  do  not  correspond,  thus  suggesting 
that  fracture  occurred  at  some  deep-seated  point. 
Much  discussion  has  arisen  as  to  the  original 
character  of  the  blue  rock  ;  but  most  geologists 
now  regard  it  as  an  altered  volcanic  product 
which  was  probably  brought  up  in  a  pasty  con- 
dition, not  at  a  very  high  temperature,  but  per- 
haps rather  like  the  materials  of  a  mud  volcano. 
Carvell  Lewis  described  the  rock  as  an  altered 
peridotite  under  the  name  of  Kimbcrlitc,  and 
concluded  that  the  matrix  of  the  diamond  in 
many  parts  of  the  world  was  probably  serpentine, 
resulting  from  the  alteration  of  an  erupted 
peridotite  (Kep.  Brit.  Ass.  1887  meeting,  720). 

Until  recently  the  diamond  mines  of  South 
Africa  were  worked  as  open  quarries  ;  but,  serious 
ditliculty  having  arisen  from  falls  of  the  sur- 
rounding rock,  known  locally  as  '  reef,'  systematic 
underground  mining  lias  been  introduced.  Out- 
side the  pipe  a  shaft  is  sunk,  and  galleries  are 
thence  driven  into  the  diamond  ground.  The 
blue  earth,  when  first  hauled  up,  is  extremely 
hard,  but  by  exposure  to  air  and  water  it  is 
readily  disintegrated,  and  the  diamonds  are  then 
sep;uated  by  washing.  (For  account  of  South 
African  diamonds,  v.  MouUe  in  Ann.  d.  Mines  [8] 
7,  1885,  193 ;  Boutan  in  Ency.  Ch.  1886.) 

Borneo  has  yielded  diamonds  from  remote 
antiquity.  They  occur  in  alluvial  clays,  river 
sands,  and  drift  gravels ;  occasionally,  too,  they 
have  been  found  in  an  eocene  conglomerate,  but 
this  is  a  derived  rock,  and  the  original  matrix  is 
unknown.  The  deposits  are  worked  in  a  primi- 
tive manner  by  the  Dyaks,  and  to  a  lunited 
extent  by  Chinese ;  of  late,  however,  French 
engineers  have  commenced  systematic  working 
at  Tjempaka,  in  South  Borneo.  The  chief 
localities  for  diamonds  are  Landak  in  the  west, 
Kusan  in  the  east,  Tanah-laut  in  the  south,  and 
the  Sarawak  river  in  the  north.  The  Sultan  of 
Matan  has  long  been  reputed  to  possess  tiic 
largest  Borneo  diamond — an  uncut  stone  weighing 
307  carats ;  but  it  was  shown  a  few  years  ago 
that  this  stone  is  merely  rock  crystal.  The  Sultan 
of  Martapura,in  Tanah-laut,  possesses  a  diamond 
of  77  carats  found  at  GunongLawak.  The  '  Star 
of  Serawak  '  is  a  Landak  stone  of  70  carats. 
The  production  of  diamonds  in  Borneo  has 
greatly  fallen  off  of  late  years,  especially  through 
the  introduction  of  Cape  stones.  {V.  Pcsewitz's 
Borneo,  Berlin,  188'J,  21»3.) 

In  Australia  diamonds  are  known  to  occur  at 
numerous  localities,  especially  in  New  South 
Wales,  but  the  stones  are  invariably  small. 
They  have  been  worked  coninicrcially  in  drift 
gravels  on  the  Cudgegong  river,  near  Mudgee, 
and  at  Bingera  and  luvcrell  in  New  South  Wales 
(v.  Liversidge,  Min.  of  New  South  Wales,  1888, 
IIG).  Diamonds  have  also  been  found,  though 
but  rarely,  near  Echunga  in  South  Australia, 
and  at  Becchworth  and  elsewhere  in  Victoria. 

Numerous  localities  for  diamonds  are  known 
in  the  United  States.  They  occur  in  association 
with  gold  in  New  Carolina,  in  Georgia,  and  in 
Butte  Co.,  California;  while  Diey  are  found 
with  platinum  in  Oregon.    A  remarkable  crystal 


was  brought  to  light  a  few  years  ago  at  Man- 
chester, opposite  Itichmond,  in  Virginia,  and 
after  cutting  became  known  as  the  On-i-nur,  or 
'  sun  of  light.'  (For  diamonds  in  United  States, 
I'.  G.  F.  Kunz,  in  successive  volumes  of  Mineral 
Kesources,  by  United  States  Geolog.  Survey.) 

It  was  announced  in  1829  that  diamonds  had 
been  found  in  the  Ural  Mountains  ;  but  though 
subsequent  discoveries  were  reported,  the  evi- 
dence seems  to  need  confirmation.  The  same 
remark  applies  to  the  reputed  discoveries  near 
Constantine  in  Algeria.  It  appears,  however^ 
that  credence  may  be  given  to  the  discovery  of  a 
crystal  of  diamond,  in  1870,  in  Uie  garnetiferous 
sands  of  Dlaskowitz  in  Bohemia. 

It  has  lately  been  shown  that  the  diamond 
is  to  be  included  in  the  list  of  extra-tellurio 
minerals.  On  September  22,  lti8G,  three  meteor- 
ites fell  near  Novo  Urei,  in  the  Government  of 
Penza,  South  East  Kussia.  One  of  these,  ex- 
amined by  MM.  Jerofeiff  and  Latchinoff,  was 
found  to  contain  carbonaceous  matter,  partly 
as  amorphous  carbon,  and  partly  diamantoid  ; 
the  latter,  forming  about  1  p.c.  of  the  stone, 
occurred  in  microscopic  grains,  beheved  to  be 
carbonado  (C.  E.  lOG,  1888,  1G79). 

Carbonado  is  the  name  given  to  a  black  or 
dark-grey  form  of  diamond,  which  was  discovered 
in  1842  in  the  province  of  Bahia  in  Brazil,  and 
is  at  present  known  to  occur  only  in  Brazil  and 
Borneo.  It  is  generaUy  found  in  irregular  or 
rounded  masses,  occasionally  with  indistinct 
crystalline  form,  and  presenting  on  fracture  a 
compact,  granular  or  cellular  structure.  Its 
sp.gr.  is  less  than  that  of  true  diamond,  being 
in  some  cases  as  low  as  3'01 ;  nor  is  it  so  pure 
as  crystallised  diamond,  some  specimens  yield- 
ing on  combustion  as  much  as  2  p.c.  of  ash. 
Notwithstanding  its  impurity,  it  exceeds  in  hard- 
ness any  other  form  of  diamond ;  and  this  has 
led  to  its  extensive  use  in  the  arts.  In  the  dia- 
mond-mounted rock-drills  of  Leschot  and  Beau- 
mont, pieces  of  carbonado  are  firmly  embedded 
in  the  inner  and  outer  edges  of  the  steel  tube 
which  forms  the  head  of  the  drill;  and  so 
valuable  is  the  carbonado  that  a  single  crown, 
with  its  setting,  may  be  worth  2.000/.  The  car- 
bonado is  also  used  in  tools  for  dressing  mill- 
stones and  emery-wheels. 

Another  variety  of  diamond  used  in  the  arts 
is  known  as  boi  t.  Mineralogists  recognise  under 
this  name  an  impure  translucent  variety,  not 
crystallised,  but  presenting  a  crystalline  struc- 
ture, and  generally  occurring  in  small  concre- 
tionary masses  of  dark-grey  or  black  colour,  with 
a  rugose  exterior.  It  is  slightly  less  dense  than 
crystallised  diamond,  its  sp.gr.  not  exceeding 
3'50") ;  but  it  is  extremely  hard,  though  excelled 
in  this  respect  by  carbonado.  True  bort  occurs 
in  most  diamond-bearing  districts,  but  nnich  of 
the  bort  of  connncrce  is  merely  coarse  diamond, 
too  much  Hawed  or  splintered  to  be  used  by  the 
jeweller.  The  bort  is  crushed  in  a  steel  mortar, 
and  the  powder  is  extensively  employed  by  lapi- 
daries and  others  as  a  powerful  abrading  agent. 

The  art  of  cutting  and  polishing  the  diamond 
is  generally  attributed  to  Louis  de  Berquem,  of 
Bruges,  who  is  said  to  have  first  practised  it 
about  14.")G.  The  forms  into  which  diamonds 
are  cut  at  the  present  day  arc  known  as  the 
hrilliant  and  the  rose.     The  former  may  be 
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roughly  described  as  consisting  of  two  truncated 
and  facetted  cones,  applied  base  to  base  :  the 
upper  part,  or  crown,  is  more  truncated  than  the 
lower  part ;  the  edge  of  union  between  the  two 
parts  is  termed  the  girdle,  while  the  broad  fiat 
upper  face  is  the  table,  and  the  small  lower  plane 
the  ciilet.  The  rose  has  a  fiat  base,  from  which 
rises  a  hemispherical  dome  covered  with  tri- 
angular facets  {v.  figs,  below). 

In  cutting  a  diamond,  the  first  step  is  usually 
to  reduce  it  by  cleavage  to  a  convenient  shape. 
To  cleave  the  mineral,  the  operator  embeds  it  in 
a  cement  of  resin  and  brick-dust,  carried  at  the 
end  of  a  small  wooden  baton.  The  cement 
having  been  warmed,  the  diamond  is  fixed  in 
such  a  position  that  only  the  part  to  be  split  is 
exposed.  Along  the  direction  of  cleavage,  a 
farrow  is  cut  by  means  of  another  diamond : 
into  this  groove  a  thin  steel  blade  is  inserted, 
and  by  a  sharp  blow,  skilfully  delivered  on  the 
blade,  the  cleavage  is  effected. 

After  cleavage  the  stone  is  cut,  or  rather 
rubbed,  into  the  required  shape.  Two  diamonds, 
each  embedded  in  cement,  with  only  a  small 
surface  exposed,  are  patiently  rubbed  together 
until  by  mutual  attrition  two  plane  surfaces  are 
formed.  The  operator  wears  stout  gloves  to 
protect  the  fingers,  and  takes  care  that  every 
particle  of  dust  resulting  from  the  friction  is 
carefully  preserved.  When  the  faces  have  been 
formed  by  this  rubbing,  or  '  bruting,'  they  re- 
quire to  be  polished  on  the  mill.  The  diamond 
is  embedded  in  a  ball  of  fusible  metal,  carried  in 
a  hemispherical  cup  at  the  end  of  an  arm,  which 
being  loaded  with  movable  weights  enables  the 
manipulator  to  adjust  the  pressure  on  the  wheel. 
The  wheel  is  acircvilar  iron  disc,  about  10  inches 
in  diameter,  rotating  in  a  horizontal  plane  at 
the  rate  of  about  2,000  or  3,000  revolutions  per 
minute.  The  movement  is  usually  effected  by 
steam  power,  but  Sir  H.  Bessemer  has  intro- 
duced electricity  at  the  works  of  Ford  and  Wright 
in  Clerkenwell.  The  rotating  discs  are  fed  with 
diamond-dust  and  olive  oil. 


The  diamond-cutting  industry  has  for  cen- 
turies been  centred  in  Amsterdam,  where  it  is 
mainly  in  the  hands  of  Jews  ;  but  mills  have 
also  been  established  at  Antwerp,  and,  of  late 
years,  at  Hanau,  near  Frankfort;  in  Switzerland, 
and  in  London.  The  trade  has  received  a  great 
impetus  in  recent  years  by  the  enormous  output 


of  the  South  African  mines,  which  now  prac- 
tically supply  the  world. 

The  following  table  gives  the  weight  and 
value  of  the  diamonds  produced  by  the  mines  of 
British  South  Africa  during  the  year  1888 
(Sawyer)  :— 

CtiTiits  £ 
Kimberley  .  1,332,809  1,270,873 
De  Beer's  .  1,003,4061  935,444 
Du  Toit's  .  5G9,013i  758,464 
Bultfontein  .  65y,887j  642,703 
Small  mines  .  657J  668 

3,565,7741-  £3,608,212 

[For  recent  information  on  the  diamond  v. 
A.  H.  Church,  Precious  Stones,  London,  1883  ; 
E.  W.  Streeter,  Precious  Stones,  4th  ed.,  London, 
1884  ;  M.  E.  Boutan,  Diamant  in  Fremy's  Ency. 
Ch.,  Paris,  1886  ;  H.  Jacobs  and  N.  Chatrian, 
Le  Diamant,  Paris,  1884 ;  E.  Jannettaz  and 
others,  Diamant  et  Pierres  Precieuses,  2nd  ed., 
Paris,  1881 ;  P.  Groth,  Grundriss  der  Edelstein- 
kunde,  Leipzig,  1887.]  F.  W.  K. 

DIANA.    The  alchemistic  name  for  silver. 

DIANTHINE  v.  TKIPHENyLMETHiNE  COLOUR- 
ING HATTERS. 

DIASPORE.  Native  monohydrate  of  alumina 
Al.O.j.H^O  ('0.  Aluminium). 

DIASTASE,  the  unorganised  ferment  under 
the  influence  of  which  starch  is  converted  into 
sugar. 

Occurrence.  —  It  is  found  in  germinated 
barley  (Payen  a.  Persoz,  A.  C.  [2]  53,  72  ;  56, 
237;  60,  441;  61,  351;  Guerin-Varry,  A.  C. 
[2]  57,  108;  60,  22;  61,  22;  Dubrunfaut,  Les 
Mondes,  16,  317),  in  the  leaves  of  most  plants, 
and  in  many  germinating  seeds  (Brasse,  C.  E. 
99,  878)  ;  diastatic  action  is  fairly  well  distri- 
buted in  the  vegetable  kingdom  (Gorup-Besanez, 
N.  Kep.  P.  25,  28  ;  B.  7,  1478  ;  8,  1510),  and  the 
ferment  is  present  in  horse  chestnut  at  all  stages 
of  its  growth,  in  ungerminated  barley,  and  in  the 
hilum  and  embryo  of  maize,  but  beech  does  not 
contain  it  (Kranch,  Bied.  Centr.  1879,  120). 
Saliva  possesses  diastatic  action  (Mihali  Chim. 
apl6physiol.  f.  Paris,  1856,  28;  v.  Mering.  Ztschr. 
Ph.  Chem.  5,  185).  Magendie  (C.  E.  23,  189) 
observed  that  starch  paste,  mixed  with  fresh 
blood  serum  and  kept  at  40°,  was  liquefied  in  a 
few  minutes,  and  dextrin  and  sugar  could  be 
detected  at  the  end  of  a  quarter  of  an  hour. 
According  to  Bouchardat  (A.  Ch.  [3]  14,  61) 
putrid  flesh,  yeast,  gastric  juice,  and  animal 
membrane  transform  starch  ;  hence  diastase  is 
present  in  these  substances.  The  microzymes 
of  barley  exhibit  diastatic  action  (B^charap,  C.  E. 
83,  358).  It  is  developed  by  allowing  the  sijores 
of  a  fungus  to  grow  on  steamed  rice  (Atkin- 
son, Pr.  10,  203).  Maroano  (C.  E.  95,  856) 
maintains  that  diastatic  action  is  a  function  of 
bacteria,  which  are  always  developed  during  the 
germination  of  seeds.  Barley-extract  possesses 
transforming  power,  which  is  diminished  by  the 
growth  of  schizomycetes,  but  considerably  in- 
creased by  the  growth  of  saccharoniyces  (Brown 
and  Heron,  C.  J.  35,  653).  Diastase  is  widely 
distributed  in  animals  and  plants  (Mulder,  Chem. 
des  Biers,  225),  and  in  both  it  is  frequently  ac- 
companied by  invertase ;  the  latter  is  due  to 
microphytes  (Bourguelot,  J.  Pharm.  [5]  11,  367). 
The  diastase  of  wheat  is  the  same  as  that  of 


DIASTASE. 


barley,  and  the  quantity  in  the  former  is  as  great 
as  in  the  latter  (Lintner,  J.  pr.  36,  481). 

Preparation. — The  preparation  of  diastase 
in  the  pure  state  has  not  yet  been  satisfactorily 
accomplished.  A  highly  active  preparation  is 
obtained  from  low-dried  barley  malt,  as  follows 
(O'SuUivan,  C.  J.  45,  2).  Two"  or  three  kilos,  of 
finely-ground  pale  barley  malt  are  taken,  sufli- 
cient  water  added  to  completely  saturate  it,  and,  j 
■when  saturated,  to  shghtly  cover  it.  When  this  i 
mixture  has  stood  3  or  4  hours,  as  much  of  the 
solution  as  possible  is  pressed  out  by  means  ] 
of  a  filter  press.  If  the  liquid  is  not  clear  it 
must  be  filtered.  To  the  clear  solution,  alcohol 
sp.gr.  '830  is  added  as  long  as  a  fiocculcnt  pre- 
cipitate forms,  the  addition  of  alcohol  being  dis- 
continued as  soon  as  the  supernatant  liquid 
becomes  opalescent  or  milky.  The  precifiitate  is 
washed  with  alcohol  sp.gr.  -SG-'SS,  dehydrated 
with  absolute  alcohol,  pressed  between  cloth  to 
free  it  as  much  as  possible  from  that  liquid,  and 
dried  iii  vacuo  over  sulphuric  acid  until  the 
weight  becomes  constant.  Payen  heated  the 
malt  extract  to  75°,  to  coagulate  albumen,  before 
precipitating  the  diastase ;  it  has  since  been 
shown  (O'Sullivan,  C.  J.  1876,  2,  125),  and 
confirmed  by  others,  that  the  action  of  diastase  is  I 
altered  by  heating.  Wittich  extracted  green  j 
barley  malt  with  glycerol,  pressed  the  extract, 
and  precipitated  with  absolute  alcohol  and 
ether.  Zulkowsky  (W.  A.  B.  77  [2]  647)  first 
extracts  malt  with  strong  alcohol,  then  with 
glycerol,  which  he  presses  out  after  8  or  12 
days,  and  precipitates  the  diastase  from  the 
diluted  and  filtered  glycerolic  extract  by  abso- 
lute alcohol  and  ether.  Lintner  (J.  pr.  34,  378) 
says  that  the  method  does  not  give  so  good  a 
yield  as  is  obtained  by  saturating  malt-extract 
with  sodium  chloride,  and  washing  the  precipi- 
tate with  ether  and  alcohol.  He,  however,  re- 
commends the  following  mode  of  preparation : 
one  part  green  barley  malt  or  flour  of  air-dried 
malt  is  treated  with  2-4  parts  of  dilute  spirit 
(20  p.c.  alcohol)  for  24  hours  or  more,  the  ex-  | 
tract  is  pressed  from  the  insoluble  matter,  and 
precipitated  by  adding  2\  times  its  volume  of 
absolute  alcohol.  The  precipitate  is  then  de- 
hydrated by  treatment  with  absolute  alcohol 
and  ether,  and  dried  in  a  vacuum  over  sulphuric 
acid.  Brasse  (C.  K.  100,  454)  prepared  diastase 
from  various  seeds  and  plants  by  macerating  the 
broken  parts  with  water  for  24  hours,  adding  to 
the  pressed  and,  if  necessary,  filtered  extract  li 
times  its  volume  of  alcohol  (sp.gr.  •82--83),  allow"- 
ing  the  precipitate  to  subside,  and  adding  to  the 
filtrate  as  much  more  alcohol.  The  ijrecipitate 
thus  obtained  contained  diastase. 

No  matter  how  active  these  products  may  be, 
it  is  obvious  that  they  are  not  pure  bodies. 
Lintner  says  his  preparation  coiitaiiu'd  16  p.c. 
ash.  Loew  (Pfliiger's  A.rchiv,  1882,  203)  obtained 
a  highly  active  purified  diastase  by  treating  the 
crude  body  with  lead  acetate,  separating  the 
lead  with  liydrogen  sulphide,  and  precipitating 
with  alcohol.  Lintner  maintains  that  the  pre- 
cipitate with  lead  acetate  does  not  contain  a 
fourth  of  the  active  diastase  of  the  crude  body. 
He  attempted  to  obtain  a  pure  body  by  fraction.al 
precipitation  with  alcohol  and  selection  of  the 
most  active  fraction.  This  does  not  eliminate  j 
the  ash,  for  whicli  purpose  he  submitted  the 


preparation  to  dialysis.  He  thus  reduces  the 
amount  of  ash  to  4-79  p.c.  Loew  (B.  20,  58) 
does  not  agree  with  Lintner,  and  considers  his 
want  of  success  with  the  lead  acetate  treatment 
due  to  secondary  causes. 

Composition.  -  The  following  analyses  of  the 
purified  preparation  are  given  : 


Consti- 

tUCLt3 

Gorup- 
Besaiiez. 
Prepar.itio- 
from  vetcli 

Lintner. 
Mult  nf 
larley  and 
wbcut 

Zalkowsky. 
Uarley  malt 

Kranch 

Carbon  . 
Hydrogen 
Nitrogen 
Sulphur . 
Oxvgen  . 
Ash  .  . 

4-3 
7-76 

46-66' 
7-35 

10-42 
112 

47-57 
0-49 
5-14 

]  37-64 

3-16 

45-68 
4-90 
4-57 

36-77 

608 

The  ash  contains  potassium,  calcium,  and 
magnesium  phosphates,  with  a  trace  of  sul- 
phates. Payen  states  that  the  freer  the  body  is 
from  nitrogen  the  more  active  it  is.  It  seems, 
however,  that  the  more  we  learn  of  the  attempts 
to  isolate  this  body  the  clearer  it  is  that  the 
idea  of  Mulder,  that  it  is  not  a  definite  compound, 
is  true. 

Properties.— The  preparations,  obtained  as 
described  above,  are,  if  carefully  prepared,  white, 
amorphous,  and  friable,  easily  soluble  in  water ; 
but  if  allowed  to  dry  without  being  dehydrated 
with  absolute  alcohol  they  are  horny,  and  not 
easily  penetrated  by  water.  The  solution  is  not 
coagulated  by  heat,  or  heat  and  acids ;  it  is 
optically  active,  being  highly  liuvorotatory 
(author),  neutral,  and  devoid  of  taste.  The 
chief  property  of  diattase  is  its  action  on  gela- 
tinised starch.  Ungelatinised  starch  is  not  acted 
on  by  diastase  (O'Sullivan,  C.  J.  Is7i),  2,  1331, 
confirmed  by  Brown  and  Pleron  (C.  J.  35,  621). 
The  contrary  is  stated  to  be  the  fact  by  KjcUlalil 
(Mdl.  f.  Cbg.  Lab.  2,  1879).  It  is  probable  tiiat 
diastase  attacks  certain  kinds  of  starch  and  starch 
granules  at  certain  stages  of  growth  in  the  cold. 
Diastase  dissolves  gelatinised  starch  at  all  tem- 
peratures up  to  75°-76°,  at  or  about  which  tem- 
perature the  activity  is  destroyed.  When  starch 
paste  is  dissolved  by  sullicient  diastase  at  63°, 
one-third  is  converted  into  dextrin  and  two- 
thirds  into  maltose  (O'Sullivan,  I.e.) ;  con- 
firmed by  Kjeldahl  (^.c).  Brown  and  Heron 
{I.e.)  give  other  proportions.  Other  bodies 
bssides  dextrin  and  maltose  are  formed  when 
starch  is  dissolved  by  diastase  (y.  St.uich).  The 
final  product  of  the  action  is  maltose  (O'Sullivan, 
C.  J.  [-2]  10,  581),  but  it  is  probable  that  cenain 
forms  of  diastase  convert  maltose  into  dextrose 
(O'Sullivan,  C.  J.  1876,  2,  1.39;  Atkinson, 
Pr.  10,  203).  The  activity  is  affected  by  heat ; 
weakening  begins  eirly,  but  it  is  slow  in  pro- 
portion to  the  rise  of  temperature  until  63^^, 
or  thereabouts,  is  reached,  after  which  there  is 
a  rapid  loss  of  power  to  75°-76°,  a  short  ex- 
posure in  solution  to  this  temperature  com- 
pletely destroying  the  power.  Diastase  resists  a 
high  temperature  better  in  presence  of  starch 
than  by  itself.  It  converts  starch  at  17-5°  with- 
out loss  of  activity,  Lut  the  maximum  effect  from 

'  The  body  burned  contained  4-79  p.c.  .o-sh  ;  the  j)er- 
centnges  are  ctlcnlatcd  on  the  body  free  from  ash. 


DIGITALIS. 


a  given  weight  of  diastase  is  obtained  at  50° 
(Lintner).  When  deprived  completely  of  its 
water  over  sulphuric  acid  at  the  ordinary  tem- 
perature it  may  be  heated  to  100°  without 
suffering  much  loss  of  power.  Dilute  solutions 
become  quickly  acid  and  lose  their  power,  but 
concentrated  ones  are  very  stable,  opposing  the 
growth  of  micro-organisms  for  a  considerable 
time  and  retaining  their  activity.  Preparations, 
even  in  a  moderately  dry  state,  are  subject  to 
diminution  of  transforming  power.  The  activity 
of  diastase  is  destroyed  by  nitric,  sulphuric,  hy- 
drochloric, phosphoric,  oxalic,  tartaric,  or  citric 
acids,  potash,  soda,  lime,  copper  sulphate  and 
acetate,  mercury  bichloride,  silver  nitrate,  alum, 
ferric  sulphate  ;  retarded  by  formic  acids,  arseni- 
ous  acid,  magnesia,  ammonia,  and  alkaline  car- 
bonates, and  in  a  less  degree  by  acetic  acid, 
hydrocyanic  acid,  strychnine,  quinine,  morphine, 
and  their  salts.  Essential  oils,  creosote,  alcohol, 
and  ether  exert  no  retarding  influence  (Bouchar- 
dat).  One  part  sodium  hydroxide  in  500,00 J 
parts  neutral  starch  paste  reduces  the  activity  of 
diastase  by  20  p.c.  ;  further  addition  of  alkali 
destroys  the  action  completely;  "003  p.c.  sul- 
phuric acid  diminishes  the  action  (Duggan,  Am. 
7,  806).  Free  acids  and  alkalis,  as  well  as 
salts  of  the  heavy  metals,  destroy  the  action 
of  diastase.  Solutions  of  '4  p.c.  alkaline  chlor- 
ides or  calcium  chloride  have  no  effect,  but 
solutions  containing  4-8  p.c.  increase  the  ac- 
tivity (Lintner,  J.  pr.  36,  481).  Formaldehyde 
is  highly  destructive  of  diastase ;  -15  gram 
hydroxylamine  destroys  1  gram  diastase  in  24 
hours,  but  the  same  quantity  does  not  effect  10 
grams.  Nitrous  acid  also  destroys  the  action 
(Loew,  J.  pr.  37,  101).  Carbonic  acid  has 
no  influence  on  its  action  on  some  kinds  of 
starch,  nor  does  pressure  affect  the  activity 
(Baswitz,  B.  12,  1827;  Bert,  C.  E.  80,  15711). 
Hydrochloric  acid,  or  pure  gastric  juice,  destroys 
the  transforming  power  (Defresne,  C.  E.  89, 
1070).  Very  dilute  hydrochloric  acid  increases 
the  activity  (Kjeldahl). 

The  purified  diastase  of  Lintner  gives  almost 
all  the  reactions  of  the  albumins,  but  not  those 
of  the  ijeptones.  It  gives  in  a  marked  manner  a 
reaction  given  by  no  other  protein  body,  viz., 
with  giiaiaciim  tincture  and  hydrogen  dioxide 
(the  tincture  gives  better  results  than  the  aqueous 
solution  as  recommended  by  Schonbein),  a  blue 
colour,  which  is  soluble  in  ether,  benzene,  chloro- 
form, carbon  disulphide,  and  may  be  extracted 
from  the  solution  by  those  solvents.  Eennet, 
saliva,  peptin,  and  invertin  give  no  reaction 
under  like  conditions.  The  reaction  does  not 
take  place  when  the  diastase  solution  is  boiled 
for  a  short  time,  or  after  the  addition  of  alkalis 
or  acids,  in  fact  under  the  condition  in  which 
the  fermentative  action  is  destroyed.  Tlie 
slightest  trace  of  diastase  can  be  delected  by  the 
guaiacum  reaction,  for  example  in  the  steep- 
water  of  barley,  maize,  wheat,  &o.  On  submit- 
ting diastase  solutions  to  filtration  through  a 
liorous  battery  cell,  diastase  does  not  pass 
through  (Brown  and  Heron). 

Estimation  of  diastatic  ijoiver. — Diastase 
not  having  been  obtained  in  a  pure  state  from 
any  soui'ce,  it  is  not  possible  to  estimate  it  abso- 
lutely. The  relative  activity  of  materials  or 
preparations  exhibiting  the  fermentative  activity 
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can,  however,  be  estimated  with  a  fair  amount 
of  accuracy.  If,  for  example,  it  is  required  to 
determine  the  relative  diastatic  power  of  two 
samjjles  of  malt,  it  is  only  necessary  to  weigh 
out  10  grams  of  each  finely  gi'ound,  add  100  o.c. 
cold  water,  and  stir  the  mixture  occasionally  for 
6-8  hours.  A  clear  filtrate  is  obtained  from 
each  and  10  c.c.  of  it  are  allowed  to  act  for  5 
minutes  at  60°- 63°  on  lOO  c.c.  starch  paste  con- 
taining 5  grains  purified  air-diied  potato  starch. 
The  solutions  are  then  rapidly  boiled,  and  evajio- 
rated  to  100  c.c.  A  determination  of  the  specific 
gravity  and  optical  activity  will  give  the  per- 
centage of  dextrin  and  maltose  [v.  Sacchamhktky) 
allowance  being  made  for  the  optical  activity 
and  sjiecific  gravity  of  the  malt  extract  employed. 
One  of  the  samples  is  found  to  contain  one- 
third  dextrin  and  two-thirds  maltose  or  quanti- 
ties approximating  to  these,  in  the  other  the 
proportion  of  maltose  is  higher  ;  in  this  case 
S)  c.c.  of  the  malt  extract  are  allowed  to  act  on 
the  same  amount  of  starch  paste.  On  examining 
the  iJroducts  the  maltose  still  exceeds  06  p.c.  of 
the  transformed  bodies.  8  c.c.  are  then  tried  ; 
this  does  not  yield  60  p.c.  maltose.  8-5  c.c.  are 
tried;  this  yields  the  reipiired  quantity  of  malt- 
ose. 10  c.c.  of  the  first  and  8-5  c.c.  of  the 
second  are  then  made  to  act  on  two  separate  100 
c.c.  of  the  standard  starch  paste  at  the  tempera- 
ture given  and  the  digestion  is  continued  for 
30-40  minutes.  If  the  proportion  of  maltose  is 
about  66  p.c.  in  each,  the  c.c.  represent  the 
relative  activities  of  the  malts,  if  not,  the  one 
showing  the  most  maltose  is  the  most  active 
and  a  further  experiment  should  be  made  with  a 
less  quantity.  In  this  way  very  close  relative 
quantities  can  be  arrived  at.  These  results  may 
be  expressed  thus :  the  diastatic  power  of  the 
first  malt  is  10,  of  the  second,  8'5 ;  i.e.  10  grams 
of  the  first  malt  exhibit  only  as  much  diastatic 
power  as  8-5  of  the  other.  Further  on  this  sub- 
ject see  Kjeldahl  (D.  P.  J.  235,  379),  and  Lintner 
(Bied.  Centr.  1S85,  855).  O'S. 

DIDYMIUM      Cekium  metals. 

DICETYLIC  ACID  v.  Fatty  acids. 

DIETHYL  ACETIC  ACID.  Fscudo-caproia 
acid  V.  Fatty  acid. 

DIGALLIC  ACID  v.  Hydroxy-acids. 

DIGESTER  V.  Abtoclave. 

DIGITALIS.  Foxglove.  [Digitale,  Fr. ;  Fin- 
gcrhut,  Ger.)  The  foxglove,  or  Digitalis  purpurea 
(Linn.),  is  well  known  for  its  elegant  appearance 
and  beautiful  purple-crimson  flowers  throughout 
the  British  Islands  and  most  parts  of  Europe 
(c/.  Woodville,  Med.  Bot.  24 ;  Bentl.  a.  T.  195). 
Foxglove  is  a  powerful  arterial  sedative,  reducing 
the  force  and  frequency  of  the  heart's  action, 
and  has  been  in  use  in  medicine  since  the 
sixteenth  century.  The  leaves  are  generally 
employed,  but  the  seed  possesses  a  like  activity. 
For  time  of  gathering  see  Brit.  Pharm.  1S,S5  ; 
Schneider  (Bl.  Ph.  1870,  164) ;  Nativelle  (J.  Ph. 
[4]  20,  81). 

Numerous  attempts  have  been  made  to  iso- 
late the  constituent  or  constituents  upon  which 
the  ijhysiological  action  of  digitalis  depends, 
and  more  or  less  definite  substances  have  been 
from  time  to  time  announced,  the  relation  of 
which  to  one  another  is  at  the  present  day  a 
matter  of  uncertainty.  A  resume  of  the  early 
work  is  given  by  Pereira  (Mat.  Med.  1850,  2, 
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DIGITALIS. 


138G).   Active  extractives  were  obtained,  and 

variously  named  digitalme,  picrin,  or  icaptin, 
in  addition  to  other  constituents  common  to 
plants. 

Homolle  was,  however,  the  first  investigator 
to  prepare  a  fairly  definite  physiologically  active 
substance  from  foxglove  leaves.  To  obtain  the 
digitaline  of  Homolle,  a  dried  alcoholic  extract 
of  the  leaves  is  exhausted  with  acetic  acid  and 
water,  the  solution  purified  by  treatment  with 
animal  charcoal,  and  the  soluble  acetate  con- 
verted into  insoluble  tannate,  from  which  the 
digitaline  is  set  free  by  the  action  of  oxide  of 
lead.  The  crude  product  is  freed  from  inactive 
constituents  by  washing  with  ether.  The  digi- 
taline thus  obtained  is  exceedingly  bitter,  and 
irritating  to  the  nasal  membranes.  It  is  white, 
inodorous,  and  imperfectly  crystalline.  It  is  in- 
soluble in  water  and  ether,  but  dissolves  in 
alcohol.  In  suljihuric  acid  it  dissolves  brown  to 
crimson  after  standing  a  few  days,  and  in  hydro- 
chloric acid  yellow  to  green.  This  is  the  digi- 
talin  which  has  from  time  to  time  found  a  place 
in  the  pharmacopixias  (Homolle,  J.  Ph.  [3]  7, 
57  ;  Henry,  J.  Ph.  [3]  7,  4G0 ;  Homolle  and  Que- 
venne,  Mtaioires  sur  le  Digitaline,  Paris,  1851). 
It  possesses  the  physiological  activity  of  digi- 
talis (Homolle  ;  Bourchardat  and  Sandras,  Ann. 
Therap.  18-15,  GO).  The  digitaline  of  Dclffs  (N.  J.P. 

9,  2(j),  a  further  purified  form  of  Homolle's  pro- 
duct, gave  analytical  numbers  corresponding  with 
the  formula  C.,.H,,,0,,. 

Walz  (.Jahrb.  pr.  Pharm.  14,  20  ;  21,  29;  24, 
86  ;  Geh.  Traite,  4, 28G  ;  N.  J.  P.  ti,  332  ;  9,  302  ; 

10,  319)  by  treating  Homolle's  digitaline  with 
ether  extracts  a  substance  digitalacrin,  which, 
in  its  turn,  he  sejjarated  into  digitaloic  acid 
C,|H,^0„,  insoluble  in  water,  but  soluble  in 
ether  and  alcohol,  and  digitalin  fat  or  digitalo'in, 
in  crystalline  scales  (cf.  DelUs,  J.  1858,  528 ; 
Goerz,  J.  1873,  81G).  From  the  residue  after 
treatment  with  ether  Walz  extracts  with  water 
a  yellow  amorphous  mass,  physiologically  active 
in  the  highest  degree.  This  is  digitasolin  or 
digitalcLin,  or  digitalin  of  Walz.  It  is  distin- 
guished from  the  original  product  of  Homolle 
by  being  easily  soluble  in  water ;  120  parts  of 
cold  or  40  parts  of  boiling  water.  By  the 
action  of  dilute  acid  it  breaks  up  into  the 
compounds  digitaliretin,  C|,,H,„03,  melting  at 
60°,  and  soluble  in  alcohol  and  ether,  para- 
digitalelin  C.jJl3,0;,  molting  above  ltJO°,  and  in- 
soluble in  ether,  but  soluble  in  alcohol  and 
glucose  (cf.  Kossmann,  J.  Ph.  [3]  38,  5  ;  LeFort, 
J.  Ph.  [5]  0,  424).  Heated  with  alkalis  a  com- 
pound called  digitalis  acid  v/as  obtained  by  Koss- 
mann. This  acid  must  not  be  confused  with 
the  digitalic  acid  isolated  by  Moriu,  together 
with  anlirrhinic  acid  from  foxglove  leaves  (J.  Ph. 
L3j  7,  294). 

When  acetate  of  lead  is  added  to  an  aqueous 
extract  of  digitalis  an  insoluble  precipitate 
occurs,  which,  according  to  Kossmann,  contains 
two  compounds,  digitolcic  acid  and  cligitalein, 
which,  however,  are  quite  distinct  substances 
from  the  digitaloic  acid  of  Walz,  or  the  digitaleiu 
of  Nativclle,  to  be  presently  mentioned  (J.  Chim. 
Med.^  [3J  2,  377  ;  Buchn.  Ecp.  92,  348). 

Nativclle,  in  a  series  of  connnunications 
(J.  Ph.  [4J  15,  192  ;  9,  255  ;  16,  430  ;  20.  81), 
describes  a  crijsiallised  digitalin.    One  method 


of  obtaining  this  is  to  exhaust  the  dried  leaves 
with  alcohol,  concentrate  the  solution,  and  mix. 
with  three  times  its  bulk  of  water,  when  a  pre- 
cipitate takes  place.  The  precipitate  contains 
the  digitalin,  together  with  another  compound 
;  digitin,  the  former  soluble  and  the  latter  in- 
soluble in  chloroform,  and  an  important  amor- 
phous compound  difjitaWin  remains  in  the  solu- 
tion {v.  Palm,  Fr.  23,  22).  Nativelle's  digitalin 
-  C.^.,H,„0|j  (?)  consists  of  rosettes  of  slender 
'  shining  needles,  which,  treated  with  hydrochloric 
'  acid,  dissolve  with  a  characteristic  emerald-green 
colour.  Fliickiger  (N.  J.  P.  29,  129)  employs, 
in  the  place  of  hydrochloric  acid,  warm  phos- 
i  phoric  acid,  on  a  watch-glass,  to  which  a  few 
crystals  of  digitalin  are  added.  The  acid  be- 
comes yellow  and  the  digitalin  of  a  beautiful  green 
colour  (cf.  Brunner,  B.  6,  86;  Fr.  13,  72;  Lafon, 
C.E.  100, 1463;  Hock,  J.  1881. 977 ;  and  .\lmquist, 
Ar.  Ph.  [3]  5,  515).  Digitalin  is  almost  insoluble 
in  water  and  ether,  but  dissolves  in  absolute,  or, 
belter,  in  90  p.c.  alcohol,  and  in  chloroform. 
Digitin  CjH,,0.^  consists  of  stellate  groups  of 
needles.  It  is  insoluble  in  water,  very  slightly 
soluble  in  ether,  chloroform,  and  benzene,  but 
soluble  in  alkalis  and  hot  alcohol.  Sulphuric 
acid  dissolves  it  brown  to  purple,  but  it  gives  no 
green  colour  reaction  with  hvdrochloric  acid  {cf. 
Goerz,  P.  Z.  1873,  385  and  417).  Of  the  three 
conritituents  discovered  by  Nativelle  digitaleiu 
is  the  only  one,  according  to  Goerz,  possessing 
marked  physiological  activity.  It  is  a  bitter,  light 
yellow  powder.  When  inhaled  through  the 
nose  it  causes  violent  sneezing.  It  is  soluble  in 
water  and  alcohol,  and  nearly  insoluble  in  ether, 
chloroform,  and  benzene.  It  gives  the  green 
colour  reaction  with  hydrochloric  acid,  and  treated 
with  sulphuric  acid  and  bromine  changes  to  red 
and  purple.  It  contains  no  nitrogen,  and  very 
closely  resembles  the  digitalin  of  Walz,  which 
was  probably  the  only  important  active  con- 
stituent in  the  original  preparation  of  Homolle. 
Like  the  di<,'italin  of  Walz,  digitalein  yields,  when 
treated  with  dilute  acids,  glucose  and  what 
appeared  to  be  digitaliretin.  Kossmann  has 
studied  these  compounds  further,  making 
numerous  analyses  (J.  Ph.  [4]  20,  427) ;  and  a 
new  constituent  digitoxi7i  has  been  announced 
by  Schmiedeberg  (Arch.  exp.  Path.  u.  Pharm. 
1874,  3,  16).    (C/.  Arnaud,  C.  E.  109, 679,  701.) 

Among  other  compounds  contained  in  fox- 
glove leaves  Walz,  by  distilling  with  water,  ob- 
tained digitalosmin,  a  sort  of  camphor,  and 
valerianic  acid. 

Foxglove  seeds,  according  to  Schmiedeberg, 
contain  a  series  of  compounds,  digitonin,  digit- 
alin, and  digilalc'in,  which  give  rise  to  several 
decomposition  products.  A.  S. 

DIHYDROXY-ACIDS  r.  HYDROXY-Acins. 
DIKA-BREAD.    An  edible  cake  made  by  the 
natives  of  Sierra  Leone  and  the  Gaboon  from 
the  fruit  of  the  Mango  tree,  indigenous  to  most 
tropical  climates.    The  fruit  resembles  chocolate 
j  in  appearance,  and  contains  a  large  quantity  of 
j  fatty  matter.    It  has  occasionally  ripened  under 
hot-house  cultivation  in  this  country. 

DIKETONES.  Dicarbonijl  compounds.  The 
diketones  contain  two  carbonyl  groups  (CO) 
attached  to  hydrocarbon  radicles.  If  the  two 
carbonyl  groups  are  directly  united,  the  com- 
pound is  an  a-diketone ;  if  they  are  united  by  a 


DIKET0NE3, 


6G7 


carbon  atom,  it  is  a  /3-diketone  ;  if  by  a  chain  of 
two  carbon  atoms,  a  7-diketone,  and  so  on. 

Some  of  the  diketonea,  such  as  bcnzil 
C,.H^.CO.CO.C„H-.,  have  been  known  for  a  con- 
siderable time ;  but  the  majority  are  of  recent 
discovery.  Their  cliief  interest  lies  in  the  ease 
witli  which  the  two  carbonyl-groups  may  be 
made  to  condense  with  one  or  more  molecules 
of  some  other  substance  to  form  closed-chain 
compounds.  In  this  way  glyoxalines,  qui  no- 
lines,  pyrazoles,  furfurans,  pyrrholes, 
thiophens  and  similar  compounds  liave  been 
prepared. 

Only  the  more  important  methods  of  prepara- 
tion and  reactions  of  the  diketones  can  be  given 
here. 

a-Diketones.    These  may  be  regarded  as 
homologues  of  the  dialdehyde  glyoxal  CHO.CHO. 
They  may  be  obtained  by  the  action  of  chlorine, 
or,  better,  of  nitric  acid,  on  a-ketone-alcohols : 
C„H,.CO.CH(OH).C,H,  +  0 

Benzoin 

=  C„H,.CO.CO.C„H-  +  H.O 

Benzil 

(Laurent,  A.  Ch.  [2]  59,  402  ;  Zinin,  A.  34, 183). 
By  hydrolysing  the  isonitroso-ketones  by  boiling 
them  with  dilute  sulphuric  acid : 

CH3.C0.C(N.0H).CH,  +  H,0 

Isonitro^i>-ctlivlni('tli\  1  ketone 

=  CH,.C0.C0.CH3  +  NH,.OH 

Diacetvl 

(Von  Pechmann,  B.  21,  1411). 

The  benzenoid  a-diketones  react  with  caustic 
potash  to  form  secondary  glycolic  acids,  the  two 
hydrocarbon  radicles  attaching  themselves  to 
the  same  carbon  atom  : 

C  H  .CO.CO.C  H,-t-KOH  =  ^°^!^\c(OH).CO  ,K 

Benzil  C  H  - 

Pota^^iHm  bcnzilate 
(iliphenvlslycolato) 
(Liebig,  A.  25,  25  ;  Zinin,  A.  31,  329).  In  like 
manner  glyoxal  yields  glycolic  acid.  The  fatty 
a-diketones,  however,  condense  to  form  quinones 
(ii.  Qdinones).  They  react  with  2  mols.  of  liy- 
divxijta'miiie  to  form  dihydroximes,  which  are 
remarkable  for  the  number  of  isomeric  modifica- 
tions in  which  they  occnr;  thus  there  are  three 
benzil-dihydroxinies  of  the  formula 

C,H,.C(N.0H).C{N.0H).C„H,. 
The  isomerism  is  explained  by  Victor  Meyer  by 
means  of  tridimensional  formula  (Auwers  and 
V.  Meyer,  B.  22,  705).  These  hydroxinies,  when 
heated,  part  with  water,  and  form  in  each  case 
the  same  closed-chain  compound — an  anhy- 
dride : 

C  H,.C:N. 
C  H-.C:N/ 

(Auwers  and  V.  Meyer,  B.  21,  810).  With 
o-d'amiiies  the  a-diketones  yield  quinoxaliues 
(azines) : 

CO.C.H, 
CO.CH5 

?'i-_p-Toln\ieneiliamine  Benzil 
(1,  3,  4) 

/N.C.C.H. 
=  CH,.C  H/  I  II         -f  2H..0 
\N.C.C„H-, 

Di  phony  Itoluquinoxaline 

(Hinsberg,  B.  17,  322  ;  cf.  Witt,  B.  19,  915). 
W'ith  aldehydes  and  ammonia  they  react  in  four 
different   proportions,   yielding    four  distinct 


classes  of  compounds.    The  most  important  of 
these  reactions  is  that  in  v/hioh  glyoxaline  deri- 
vatives are  formed : 
C  H  .CO 

I    -f  CH,.CHO  +  2NH3 

C,H,.CO  Al.lel.yde 

B.MiZil 

C,H..C--NH. 

>C.CH3-t-3H,0 


C.H,C- 


Metlivlilii>lioiivl<;'Iyoxaline 
(cf.  Japp  and  Hooker,  C.  J.  1884,  072 ;  .Tapp  and 
Wynne,  C.  .J.  1886,  4(54). 

/3-Diketones.  The  lowest  possible  member 
of  this  series  which  is  a  true  diketone  and  not 
a  dialdehyde  is  acetyl-aeetone 

CH,.C'0.CH,.C0.CH,. 
By  the  action  of  aluminium  chloride  on  acetyl 
chloride  a  crystalline  substance  of  the  formula 
C|.H|_,0|jALCl8  is  formed,  which,  on  treatment 
with  water,  evolves  carbon  dioxide  and  yields 
acetyl-acetone  (Combes,  C.  II.  103,  814). — A 
general  method  for  the  preparation  of  /3-diketonos 
consists  in  acting  on  a  mixture  of  a  fatty  or  a 
benzene-fatty  ketone  and  the  ethyl  salt  of  a  car- 
boxylic  acid  with  sodium  ethoxide.  The  latter 
substance  produces  condensation  between  the 
ethereal  salt  and  the  ketone  with  elimination  of 
alcohol : 

C  H,.C0.0C,H5  +  CH3.CO.CH3 

]-;tlivl  lienznate  Acetone 

=  C,H,.C0.CH,.C0.CH3  -f  C^H.-OH. 

Benzoyl-aeetone 

In  reality  it  is  the  sodium  compound  of  bonzoyl- 
acetone  C.Hj.CO.CHNa.CO.CH^  which  is  formed, 
and  it  is  necessary  to  decompose  this  compound 
with  carbon  dioxide  in  order  to  obtain  the  free 
diketone  (Claisen,  B.  20,  655). — Diacidoyl  deri- 
vatives of  acetic  acid  are  decomposed  on  boiling 
with  water,  eliminating  carbon  dioxide  and  gene- 
rating /3-diketones : 

CX:C0>CH-C00H  =  CA.CO^cH,+  CO, 

Dibeuzoylacetic  acid  Dibenzoylnietliane 
(Baeyer  and  W.  H.  Perkin,  jun.,  B.  16,  2128 ; 
E.  Fischer  and  Kuzel,  B.  16,  2239). 

The  methylene  group  in  the  /3-diketones  is 
attached  to  two  electronegative  carbonyl  groups. 
For  this  reason  one  atom  of  hydrogen  in  this 
group,  like  the  hydrogen  in  the  methylene  group 
of  aceto-acetic  ether  or  malouic  ether,  is  replace- 
able by  an  alkali  metal  when  the  latter  is  pre- 
sented to  it  in  the  form  of  an  ethoxide.  By 
treating  the  alkali  compound  thus  obtained  with 
the  halogen  compound  of  an  alkyl  or  acid 
radicle,  the  radicle  can  be  introduced  in  place 
of  the  alkali  metal : 

(C,H,.CO),CHNa  t  C„K.C0C1 

Sodium  dibenzoyl-  Bejizoyl 
metliane  clili>riile 

=  (C,H,.C0)3QH  -r  NaCl  '  •  > 

Tribenzoylmetliane 
(Baeyer  and  Perkin,  I.e.). — The  ;3-diketones  react 
with  1  raol.  of  plieiiylliydrazine,  eliminating  2 
mols.  of  water  and  forming  pyrazoles  : 

CH,.C0.CH,.C0.CH3  +  CjH5.NH.NH2 

Ace  tyl-ace  tone  Pheuylliydraziiie 


=  N' 


C.CH3-i-2H,0 


CH,.C- 


-CH 


Pheny  Idimetliylpyrazole 


DIKETONES. 


C 

./^  CH 


,C.CH,  +  H.,0 


(Knorr,  B.  20,  1101).  -Aniline  reacts  with 
^-diketones  in  two  stases  :  thus  when  benzoyl- 
acetone  is  heated  with  aniline  to  150°  the  two 
substances  part  with  1  mol.  of  water ; 

C.H^.CO.CH  ..CO.CH,  +  C  Hj.NH, 
=  C,H,.C0.CH..C(X.C,H,).CH3  +  H  ,0  ; 
and  when  the  compound  thus  obtained  is  heated 
with  concentrated  sulphuric  acid,  it  parts  with  a 
second  mol.  of  water,  forming  a  quinoline  deri- 
vative : 

CO 

\CH,  = 

a-Methyl^phcnylquinoline 
(C.  Beyer,  B.  20,  1770).    This  is  a  general 
method  for  the  preparation  of  quinolines  con- 
taining liv.hocarbon  radicles  in  the  a-  7-positions. 

7-Diketones.  In  these  compounds  the  two 
carbonyl  groups  are  united  by  an  ethylene 
radicle.  The  lowest  member  of  the  series,  ace- 
tonyl-acetone,  was  obtained  by  Paal  (B.  18,  oS) 
by  heating  pyrotritaric  acid  with  water  at  150- 
1U0°: 

CH— C.COOH 

II       II  +  H,0 

cn,c^^c.cH3 
o 

=  CH3.CO.CH,.CH,.CO.CH3  +  CO,,. 

Acetophenone-acctone  is  obtained  by  heating 
acetophcnoue-accloacetic  acid  (prepared  by  act- 
ing with  bromacetopheuone  on  sodacetoacetic 
ether  and  hydiolysing  tlie  etlicr  thus  formed)  : 
CH3.C0.CH.CH,.C0.C„H. 
I         ■        "  ' 
CO.,H 

=  CH,.C0.CH.,.CH,.C0.C,H,-hC02 
(Paal,  B.  16,  28G5). 

By  tieatment  with  dehydvatinq  aqcnts,  such 
as  fuming  hydrocliloric  acid  or  acetic  auliydrido, 
tlie  7-diketones  are  converted  into  I'urf  urans.  It 
is  supposed  that  in  this  reaction  the  diketonc 
first  forms  a  '  labile '  modification  containing 
two  hydroxyl  groups,  and  that  this  then  parts 
with  water  to  form  the  furfuran  : 

CH-CH 
CH-CH,  II  II 

I        I  =  C,H,.C  C.CH, 

C„H,.CO     CO.CH3  I  I 

Acutoplieuonc-ncetone  0J£  QH 

'  Lnbile '  niodiflcfttion 

CH-CH  CH— CH 

II       II  II  II 

C„H,.C      C.CH3    =  C,JI,.C      C.CII3  .  H,0 

II  \/  ' 

OH    OH  O 

riieiiylinctlijlfurfvu'iin 

(Paal,  B.  17,  275G).  An  unsaturated  ketone 
isomeric  with  phenylniethylfurfuran  is  formed 
at  tlie  same  time.- iVios;)/(0)-«s  imilasulphidc 
converts  7-dikctones  into  thiopliens,  whilst  witli 
ammonia  Uiey  yield  pyrrliolcs,  the  reaction  in 
both  cases  being  supposed  to  be  preceded  by  tlie 
above-mentioned  transformation  of  tlie  diketone 
into  its  •  labile  '  modification  : 


and 


CH-CH 

II  II 
5C.H4.C      C.CH,  +  P.S, 

I  I 
OH  OH 

'Labile'  ace^ophonone-acctODe 

CH— CH 

II  II 

=  5C„H,.C      C.CH,-|-2H,PO,+  2HjO; 

\/ 
S 

Pliciiylmctliyltluoplien 

CH-CH 

II  II 

C,H,.C      C.CHj  +  NH, 

"  I  I 
OH  OH 
CH-CH 


=  C,H,.C      C.CH3  +  2H,0 

\y 

NH 

PlionvlmetliN  Ipvrrbole 
(Paal,  B.  18,  mi). 

Quinones.  If  the  two  carbonyl  groups  of  a 
diketone  occur  in  a  closed  chain  of  six  carbon 
atoms,  the  resulting  compound  belongs  to  fiie 
class  of  the  quinones.  This  class  of  diketones 
will  be  treated  of  separately  {v.  Quinones). 

F.  R.  J. 

DILATCMETER.  A  term  originally  used  to 
denote  a  thermometer-shaped  apparatus  for 
measuring  the  tliermal  expansion  of  liquids  and 
subsequently  given  by  Silbeniiann  to  an  instru- 
ment for  determining  the  strengtii  of  aqueous 
ak'oliol. 

DILL  OIL  V.  Oils,  essential. 

DIAMYLSAFFRANINES  r.  A/ints. 

DIMtTHYLAMlDONAPHTHAPHENAZINE 

V.  A/INKS. 

DIMEIHYLDIAMIDOTOLUPHENAZINE  v. 

AziNi:s. 

DIMETHYL  ETHYL  ACETIC  ACID  v.  Fatty 

ACII>S. 

DIMETHYLPYRKOL  v.  B.ink  oil. 
Dlf.IETHYLAMINE     ORANGE     v.  Azo- 

COI,ori;ING  M  VI  U  KS. 

DIMETHYL   ORANGE   v.  Azo-  coLouiiiNG 

MATT  IK. 

DIMETHYLSAFFRANINES  v.  Azines. 

DINICOTINIC  ACID  r.  Bonk  oil. 

DINITROSORESORCIN  v.  llKs.ntcix. 

DIOSCOREA.  A  ki'uus  of  plants  of  the 
Smilacoous  order,  the  tubers  of  which  are  known 
as  yams,  and  are  largely  eaten  in  the  West 
Indies  and  otlier  tropical  countries. 

DIOSPHENOL  r.  CAMnioits. 

DIOXYBENZOIC  ACID  v.  Hydroxy-acidb. 

DIPHENAZINE  v.  Azinrs. 

DIPHENIC  ACID  v.  Phknantiirene. 

DI PHENYL  CH,.C„H,  is  formed  when 
phenyl  is  liberated  from  its  combinations,  two 
plienyl  groups  uniting  to  yield  diphenyl.  First 
obtained  by  Fittig  (A.  121,  3GH)  by  the  action  of 
sodium  on  an  ethereal  solution  of  bromobenzene. 
Best  prepared  hy  Berthelot's  method  of  jjassing 
the  vapour  of  benzene  through  a  red-hot  tube 

2C„H,  =  C,H,.C,II,  +  H., 
(\.  Ch.  [4]  9,  453  ;  [4]  12,  185).    Schultz,  who 
has  examined  the  various  methods  for  preparing 
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tliplienyl,  adopts  that  of  Beithclot  and  recom- 
mends the  following  procedure  (A.  174,  202  ; 
Chemie  des  Steinkohlentheers,  1,  193).  An  iron 
tube  is  heated  to  redness  in  a  Hofmann's  gas 
furnace,  wliich  is  raised  at  one  end  so  as  to 
cause  the  tube  to  slope  downwards.  The  upper 
end  of  the  tube  is  connected  by  a  cork  and  bent 
adapter  with  a  dropping  funnel  through  which 
the  benzene  is  delivered  at  the  rate  of  3  drops 
per  second ;  the  lower  end  leads  to  a  receiver  in 
which  the  products  are  condensed.  On  redis- 
tillation these  yield,  first  benzene,  then  diphenyl, 
and  lastly  diphenyl-benzene  and  other  hydro- 
carbons of  high  boiling-point.  The  portion 
boiling  between  250  and  300°  consists  of  almost 
pure  diphenyl ;  this  is  redistilled  and  the  frac- 
tion passing  over  betsveen  2.50  and  260°  is  puri- 
fied by  recrystallisation  from  alcohol.  If  com- 
mercial benzene  containing  thiophen  has  been 
employed,  the  product  contains  dithicnyl 
(C|H,,S)._,  (m.p.  83°),  which  gives  a  magnificent 
blue  colouration  with  isatin  and  sulphuric  acid. 

Crystallises  from  alcohol  in  large  lustrous 
laminffi  melting  at  70-5°.  Boils  at  254°  (cor.). 
Insoluble  in  water ;  readily  soluble  in  hot, 
sparingly  soluble  in  cold  alcohol.  When  heated 
with  a  solution  of  chromic  anhydride  in  acetic 
acid  it  is  oxidised  to  benzoic  acid. 

Diphenyl  yields  with  the  halogens,  with 
nitric  acid  and  with  sulphuric  acid,  substitution 
derivatives  which  correspond  with  those  obtained 
from  benzene.  The  substitution  may  be  effected 
either  only  in  one  nucleus  or  in  both,  according 
to  the  conditions  of  the  reaction. 

Benzidine.  This  important  base,  which  is 
dipara-amido-dipJieni/l 

NH,,.C„H,.cJh,.NH,,(1,  4)(1,  4), 
is  formed  by  the  reduction  of  the  corresponding 
dinitrodiphenyl  (m.p.  233°)  with  tin  and  hydro- 
chloric acid  (Fittig,  A.  124,  276).  It  is  most 
readily  prepared,  however,  from  hydrazobenzene, 
which  in  contact  with  acids  undergoes  a  peculiar 
intramolecular  change,  yielding  benzidine  : 

C,H,.NH.Nn.C„H,  =  NH,.C„H,.C„H,.NH2 

Hydrazobenzene  Benzidine 

(Ziniu,  J.  pr.  36,  93 ;  Hofmann,  Pr.  12,  576). 

In  order  to  prepare  it,  10  parts  of  azo- 
benzene  C^H^.NiN.CijH^  are  dissolved  in  alcohol 
and  warmed  for  some  time  with  a  solution 
of  3i  parts  of  tin  in  concentrated  hydro- 
chloric acid.  The  stannous  chloride  reduces 
the  azobenzene  to  hydrazobenzene,  which  is 
at  once  transformed  by  the  acid  into  benzidine 
hydrochloride.  A  certain  quantity  of  diphenyl- 
ine  (ortho-paradiamidodiphenyl,  isomeric  with 
benzidine)  is  also  formed  during  the  trans- 
formation, and  a  part  of  the  azobenzene  is  re- 
duced to  aniline.  In  order  to  separate  the 
benzidine,  the  alcohol  is  distilled  off,  the  residue 
dissolved  in  water,  and  sulphuric  acid  added  to 
the  solution.  This  pirecipitates  sparingly  soluble 
benzidine  sulphate,  whilst  the  sulphates  of 
diphenyline  and  aniline  remain  in  solution. 
The  benzidine  sulphate  is  separated  by  filtration, 
washed  with  dilute  hydrochloric  acid  (to  remove 
tin  compounds),  decomposed  with  ammonia  and 
the  benzidine  purified  by  recrystallisation  from 
dilute  alcohol. 

On  a  large  scale,  benzidine  is  prepared  by 
heating  nitrobenzene  with  caustic  soda  and  the 
calculated  quantity  of  zinc-dust  necessary  to 


reduce  the  nitrobenzene  to  hydrazobenzene, 
adding  a  little  alcohol ;  washing  the  hydrazo- 
benzene with  cold  dilute  hydrochloric  acid  to 
remove  zinc  hydroxide,  and  converting  it  into 
benzidine  by  dissolving  it  in  hot  dilute  hydro- 
chloric acid. 

Large  lustrous  laminse,  colourless  when  pure, 
but  generally  reddish-coloured  from  oxidation. 
Melts  at  122°  and  boils  with  partial  decomposi- 
tion above  360°.  Very  sparingly  soluble  in  cold, 
more  soluble  in  boiling  water.  Chlorine  water, 
or  a  solution  of  bleaching  powder,  converts  it 
into  a  reddish  substance.  With  nitrous  acid 
benzidine  salts  form  tetrazo-  (di-diazo-)  salts, 
which  on  boiling  with  alcohol  yield  diphenyl. 
These  tetrazo-  salts  react  with  phenols,  phenol- 
sulphonic  acids,  amido-sulphonic  acids,  and 
similar  compounds  to  form  azo-  colours  {Congo 
red,  Chrysamm  v.  Azo-  colouring  matters) 
which  are  remarkable  for  the  ijroperty  of  dyeing 
cotton  without  a  mordant.  Benzidine  forms 
crystallised  salts  ;  the  sulphate  is  very  sparingly 
soluble,  even  in  boiling  water. 

C,H3(CH.,)(NIL)(1,  3,  4) 

Orthotolidine   |  is  a 

C,H,(CH3)(NH,)(1,  3,  4) 
derivative  of  meta-ditolyl  and  is  prepared  from 
orthonitrotoluene  by  the  same  process  by  which 
benzidine  is  obtained  from  nitrobenzene.  It 
forms  lustrous  lamiuse  melting  at  128°,  and  re- 
sembles benzidine  in  its  properties  and  reactions. 
The  azo-  dyes  obtained  from  it  correspond  with 
those  from  benzidine,  and  like  these  dye  un- 
mordanted  cotton,  but  have  the  advantage  of 
being  less  easily  altered  by  acids.       F.  R.  J. 

DIPHENYLAMINE  NH(C„H5).,.  First  ob- 
tained by  Hofmann,  in  1864,  by  the  distillation 
of  aniline  blue  (triphenylrosaniline)  (A.  132,  163), 
and  in  small  quantity  by  the  distillation  of 
rosaniline  and  leucaniline.  De  Laire,  Girard, 
and  Chapoteaut  showed  that  it  could  be  more 
readily  prepared  by  heating  aniline  with  anilino 
hydrochloride  at  210-240° : 

NH.,(C  -f-NH„(C,H,),HCl 
=  NH(C,H5),  +  NH,C1 
(C.  R.  63,  91).     By  heating  phenol  with  tho 
double  comp)ound  of  aniUne  and  zinc  chloride  at 
250-260°: 

NH„(C,H,)  +  C,H,.OH  =  NH(C,H,).,  -t-  H,,0 
(Merz  and  Weith,  B.'  13,  1298). 

Manufacture. — Aniline  (1  mol.)  is  heated 
with  aniline  hydrochloride  (lA  mol.)  for  from  30 
to  35  hours  in  an  autoclave  at  220-230°.  The 
product  of  the  reaction  is  treated,  while  still 
warm,  with  strong  hydrochloric  acid,  and  then 
with  an  excess  of  water,  which  dissolves  the 
aniline  salt,  but  decomposes  the  diphenylamine 
salt  into  free  acid  and  base,  the  latter  separating 
as  an  oil,  which  speedily  solidities.  The  cake  of 
diphenylamine  is  washed,  and  then  distilled, 
either  alone  or  in  a  current  of  steam.  The  yield 
is  from  60  to  70  p.c. 

Properties. — Monoclinic  lamina\  melting  at 
54°.  Boils  at  310°.  Almost  insoluble  in  water ; 
soluble  in  alcohol,  benzene,  and  ether.  Feebly 
basic ;  the  salts  are  decomposed  by  excess  of 
water. 

Reactions. — The  hydrogen  of  the  iniido- 
group  in  diphenylamine  may  be  replaced  by 
alkyl  groups  or  by  acid  radicles.  Thus,  when 
heated  with   mcUiyl  iodide  it  yields  methyl- 
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^C,H,  =  C,h/  I   \c,H,  4  H,0. 


diphcnylamine  N(CH.,)(C„Hi).,  and  with  benzyl 
chloride,  benzyldiphenvlaniine 

N{CH,.C'.H,)(C„H,),. 
By  heating  it  with  acids  of  the  acetic  series  or 
their  chlorides,  the  acid  radicles  may  be  intro- 
duced: thus  with  acetic  acid  acetyldiphenyl- 
amine  is  formed.  If  zinc  chloride  is  added  in 
tlie  foregoing  reaction  the  acidoyl-diphenyl- 
amine  first  formed  parts  with  a  mol.  of  water, 
yielding  an  acridine  derivative  : 

C,Hr  I  \( 

CHO  "^CH- 
Formyl-diplicnjianune  AcrMiiie 
In  like  manner  acetyl-diplienylamine  yields 
methylacridine  (Bernthseu  and  Bender,  B.  IC, 
707).  Diphcnylamine  is  also  converted  into 
acridine  by  heating  it  with  chloroform  in  yn-e- 
sence  of  zinc  chloride  or  aluminium  chloride  : 

KH(C,H,),  +  CHCI3  =  C„H,<^  I  ^C,H,  +  3HC1 
CH 

(0.  Fischer  and  Korner,  B.  17,  101).  When 
heated  with  excess  of  oxalic  acid,  dipheiiyl- 
amine  yields  diphenylamine  blue,  condensation 
occurring  with  the  nascent  carbon  dioxide  : 
/C,H,.NH.C,H. 
3NH(C,H,).,  +  CO.,  =  C^  C,H,.NH.C,H-  +  2H,0 
I  \C,H,.N.C,H, 


Diplienylamiue  blue  (anhydrous 
triplienyl-pararosaniliuc). 

Carbon  tetrachloride  acts  like  the  nascent  car- 
bon dioxide  iu  the  foregoing  reaction,  forming 
diphenylamine  blue.  When  heated  with  sulphur, 
diphenylamine  yields  thiodiphenylamine,  the 
parent  substance  of  the  colouring  matters  of  the 
methylene-blue  series  : 

KH(C„HJ.,  +  2S  =  C,H.<^^J^>C,H.  +  fl.S 

(Bernthsen,  B.  16,  2897).    When  the  vapour  of 
diphenylamine  is  passed  through  a  red-hot  tube 
it  forms  carbazole  (diphenylene-amine)  : 
C.H. 

NH(C,H,),=  I      >NH  +  H, 
C.H,/ 

(Graebe,  A.  1G7,  127).  When  nitrated  in  acetic 
acid  solution  it  yields  tetranitro-diphenylaniinc  ; 
but  by  direct  nitration  hexanitro-diphenylamine 
is  formed,  which  acts  as  an  acid,  and  in  the 
form  of  its  ammonium  salt  is  used  as  a  yellow 
dye  under  the  name  of  anrantia.  Amyl  nitrite 
converts  diphenylamine  into  nitroso-diphenyl- 
amine  N(N0)(C„"H.).„  With  bromine  it  yields 
bromo-  derivatives,  and  with  concentrated  sul- 
phuric acid  sulphonic  acids.  A  solution  of 
diphenylamine  in  concentrated  sulphuric  acid  is 
coloured  blue  by  a  trace  of  nitric  or  nitrous  acid; 
and  diphcnylamine  is  therefore  used  as  a  test 
for  the  presence  of  oxides  of  nitrogen  in  sul- 
phuric acid  (Kopp,  B.  5,  284).  Chloric  acid 
produces  the  same  colouration.  Oxidised  with 
potassium  permanganate  diphenylamine  yields 
diphenvl-azophenylene  C„H,,N..  (Bandrowski, 
M.  7,  37r)).  IS  11  -  V 

Diphenylamine  is  employed  in  the  manufac- 
ture of  diphenylamine  blue,  diphenylamine 
orange,  and  aurantia.  The  commercial  product 
should  be  a  pale  yellow  solid,  uncontaminated  by 
oily  matters,  and  sliould  melt  not  much,  below 
Si".    It  should  no£  have  any  unpleasant  odour. 


should  not  turn  rapidly  brown  on  exposure  (o 
air,  and  should  give  no  aniline  reaction  with 
bleaching  powder. 

Tertiary  bases  derived  from  diphenylamine. 

Methyldijihenijlamitie  X(CHj)(C  H.).^.  By 
warming  diphenylamine  with  methyl  iodide  on 
the  water-bath.  By  heating  diphenylamine 
hydrochloride  under  jjressure  with  methyl  alco- 
hol, at  250-300^  (Bardv,  Eng.  Pat.  370,  1870; 
B.  3,  838 ;  Girard  and  Vogt,  J.  pr.  [2]  4,  289). 
The  hydrochloride  dissociates  at  the  temperature 
of  the  reaction,  and  the  liberated  hydrochloric 
acid  reacts  with  the  methyl  alcohol,  forming 
methyl  chloride,  which  in  its  turn  acts  on  the  di- 
phenylamine, converting  it  into  methyldiphenyl- 
amine.  The  latter  base  can  be  separated  from 
unaltered  diphenylamine  by  converting  both  into 
hydrochlorides  :  methyldiphenylamine  forms  a 
liquid  hydrochloride,  whilst  that  of  diphenyl- 
amine is  solid. 

Methyldiphenylamine  is  an  oil,  boiling  at 
282°.  Its  salts  are  decomposed  by  water.  Arsenic 
acid  and  the  other  oxidising  agents  used  in  the 
preparation  of  rosaniline  convert  it  into  blue 
colouring  matters.  When  heated  with  oxalic 
i  acid  it  yields  methyldiphenylamine  blue,  the 
[  sulphonic  acids  of  which  are  employed  as  dye- 
stuffs. 

Ethyldiplmujlamine  N{C.jHJ(C^H.)j.  Pre- 
pared like  the  foregoing.  Liquid  boihng  at  295- 
297°.  When  heated  with  oxalic  acid  it  yields  a 
blue  colouring  matter. 

Amijtdiphenijlamiiie  N(CiH,,)(C,.Hj).„  Boils 
at  330-340°,  and  gives  a  blue  colouring  matter 
on  heating  with  oxalic  acid. 

Benzyldiplienijlamine  N(CH.,.C„Hi)(C,Hj).» 
Obtained  by  the  action  of  benzyl  chloride  on 
diphenylamine.  Deposited  from  its  solution  in 
alcohol,  ether,  or  benzene  iu  crystals,  melting  at 
87°.  By  treatment  with  arsenic  acid  and  hy- 
drochloric acid,  chlorauil,  and  other  oxidising 
agents,  the  substance  thus  prepared  yields 
bluish-green  compounds,  the  alkali  sulphonatcs 
of  which  have  been  used  as  green  colouring 
matters  under  the  names  of  viridimi  and  alkali 
green ;  but  Meldola  has  shown  (C.  J.  18S2,  187) 
that  these  colouring  matters  belong  to  the  mala- 
cliite  green  series  and  are  produced  by  the  oxi- 
dation of  a  leuco-compound,  the  formation  of 
which  is  due  to  benzal  chloride  C„H,.CHCL, 
contaiiu'd  in  the  commercial  benzyl  chloride. 

F.  R.  J. 

DIPHENYLAMINE    BLUE  v.  Tuii'iiiiXYL- 

METii.wi;  c<>i,( iriiiNii  M\TTi:i;s. 

DlfHENYLAMINE  YELLOW  v.  Azo- 
COliO I'  r. I X G  twT.  T 1 : 1 ;  s . 

DIPHENYLENE-METHANE  r.  Fluorene. 

DIPHENYLTOLUAZINE  c.  Azines. 

DIPICOLINIC  ACID  v.  Boxe  ou,. 

DIPPEL  S  OIL  V.  li.iNi:  oil. 

DIPROPYLACETIC  ACID      Fatty  acids. 

DIPYRIDINE  1-.  Boxe  oil. 

DIPYRIDYL  V.  Boxe  oil. 

DISAZO-  and  TETRAZO-  COLOURING  MAT- 
TERS. The  sulphonic  compounds  of  aiiiiilo- 
phenols  combine  with  a-naphtliylamine,  and  form 
compounds  of  the  general  formula 

f  N  =  NC,„H,NH3 
C„H.,„.,  SO,H 
LOH. 


DISINFECTANTS. 
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These  bodies,  being  again  diazotisecl  and  coupled 
with  a-  and  ;8-naphtholsulphonic  acids,  pro- 
duce colouring  matters  showing  great  fastness 
to  light  on  the  fibre. 

To  prepare  these  bodies,  21-5  kilos,  of  sodium 
amido-^-phenol  sulphonate  are  diazotised  with 
7  kilos,  of  sodium  nitrite,  hydrochloric  acid 
being  added  to  the  mixture  of  these  two  com- 
pounds. Then  20  kilos,  of  naphthylamine  hy- 
drochloride are  added,  and  after  a  short  time 
the  new  compound 

C„H3(0H)  (SO,H)N  =  N.C,oH,NH., 

separates  from  the  solution.  At  ordinary  tem- 
peratures the  combination  is  finished  in  several 
days,  but  it  can  be  accelerated  by  warming  from 
40°-50°C.  As  soon  as  a  samjale,  after  filtration 
and  standing,  does  not  produce  anymore  colour- 
ing matter,  the  dark-green  precipitate  is  filtered 


and  washed.  It  dissolves  m  sulphuric  acid 
with  a  dark-violet  colour,  in  ammonia  with  a 
brown-orange  colour.  The  precipitate  is  dis- 
solved in  10  kilos,  of  ammonia  of  17  p.c,  and  to 
this  solution  7  kilos,  of  ammonia  are  added. 
The  mixture  is  poured  into  hydrochloric  acid, 
which  is  cooled  with  ice.  The  diazo-compound 
thus  formed  has  a  pure  brown  colour,  and  is 
treated  with  38  kilos,  of  E.  salt.  The  colouiing 
matter  obtained  forms  a  black  precipitate.  It 
dissolves  in  sulphuric  acid  with  a  blue  colour', 
and  dyes  wool  violet  to  violet  black.  Similar 
dyestulfs  are  obtained  from  amidophenol  sul- 
phonic  acid,  a-naphthylamine,  and  Schaffer's 
P-  and  a-  (Neville  and  Winter's),  naphthol- 
sulphonic  acid,  and  from  amido-ortho-cresol-, 
and  amido-para-cresol-suli^honic  acid.  The 
following  table  shows  the  reactions  of  the  cresol 
derivatives : 


Properties 

Colouring  matters  from 

Amido-ortho-cresol-sulphonie  acids  with 

Amido-para-cresol-sulphonic  acids  with 

Scliiiffer's 
^-naphthol 
mouosulphonic 
acid 

E.  salt 

Keville  and 

Winter's 
a-naphthol 
monosulphouic 
acid 

Schaffer's 
g-uaplithol 
monosulphouic 
acid 

E.  s.alt 

Neville  and 
Winter's 
a-naph- 
thol mono- 
sulphonic 
acid 

Colour  of  powder  . 

Colour  of  solution  . 

Co' our  of  solution  in 
ammonia. 

Colour  of  solution  in 
hydrochloric  acid. 

Action  of  concen- 
trated sulphuric 
acid. 

Greenish-black 
of  a  metallic 
lustre. 

Red- violet  , 

Blue-violet 

Eed-violet  . 
Dark  green  , 

Brownisli-viol  et 
of  a  metallic 
lustre. 

Blue-violet 

Blue  , 

Blue-violet 
Dark  green 

Brownisli-black 
of  a  metallic 
lustre. 

Blue-violet 

Bed-violet 

Red-violet 
Dark  green 

Greenish-black 
of  a  metallic 
lustre. 

Blue-violet 

Blue 

Dark  -  violet 
precipitate  . 
Dark  green  .  . 

Dark  brown 
of  a  bronze 
appearance. 

Blue-violet . 

Blue  . 

Violet  pre- 
cipitate. 
Dark  green  . 

Dark  green 
of    a  me- 
tallic lustre. 
Violet. 
Blue. 

Violet. 

Dark  green. 

Zeits.  f.  Angew.  Chem.  1889,  50-52,  and  S.  C.  I.  8,  27n. 


DISCEASITE.  Silver  anthnonidc  v.  Anti- 
mony. 

DISINFECTANTS.  A  disinfectant  in  a  gene- 
ral sense  is  a  body  which  will  destroy  the  dis- 
ease-germs which  abound  in  an  impure  atmo- 
sphere and  infest  the  very  substance  of  a  body 
undergoing  decomposition. 

The  true  meaning  of  the  term  disinfectant 
appears  to  have  been  much  misunderstood,  and 
indeed  confusion  still  exists  respecting  it.  It  is 
perhaps  most  correct  to  regard  as  disinfectants 
such  bodies  as  will  kill,  by  one  of  many  different 
means,  gei-ms  or  other  living  organisms  (be  they 
of  animal  or  vegetable  nature)  which  are  capable, 
by  contagion  or  otherwise,  of  acting  injuriously 
on  the  higher  forms  of  life. 

It  will  be  seen  from  this  that  the  term  disin- 
fectant implies  much  more  than  a  mere  prescr- 
tativc  which  acts  by  preventing  putrefaction. 
For  example,  the  addition  of  alcohol  to  almost 
any  vegetable  or  animal  substance,  in  a  sound 
condition,  will  prevent  such  substance  from 
undergoing  decomposition ;  but  at  the  same 
time  alcohol  can  only  be  considered  as  a  dis- 
infectant in  the  hght  that  it  will  prevent  putre- 
faction. 

On  the  other  hand,  a  very  small  quantity  of 
chlorine  or  bromine  will  do  more  than  merely 
preserve  the  substance,  for  should  any  germs  be 
already  present,  they  will  be  killed  if  placed  in 


an  atmosphere  containing  either  element,  and  if 
the  substairce  which  it  is  desired  to  disinfect  be 
kept  constantly  in  contact  with  free  chlorine  or 
bromine,  new  germs  cannot  possibly,  under  such 
conditions,  be  formed. 

Those  agents  which  prevent  putrefaction,  but 
which  have  not  the  power  of  destroying  actual 
germ  life,  are  termed  Antiseptics.  In  the  in- 
stance above  alluded  to,  alcohol  would  act  as  an 
antiseptic.  Thus,  while  an  antiseptic  agent  is 
not  necessarily  a  disinfectant,  all  disinfectants 
are  antiseptics. 

A  third  class  of  substances  known  as  '  Deodor- 
isers '  form  a  still  less  active  group.  These 
bodies  have  the  power  of  absorbing  unpleasant 
odours  arising  from  the  decay  of  organic  matter, 
but  do  not  act  as  disinfectants  or  antiseptics. 

Animal  matter  undergoing  eremacausis 
evolves  gases  having  a  most  fa;^tid  odour,  but 
if  these  gases  be  made  to  pass  through  a  some- 
what compact  bed  of  recently  burnt  charcoal,  the 
objectionable  odour  is  removed.  In  this  case, 
so  far  as  the  present  state  of  our  knowledge 
extends,  it  would  appear  that  charcoal  does  not 
remove  or  kill  the  bacteria  themselves,  but  that 
it  absorbs  the  offensive  gases  and  destroys  them 
by  oxidation  in  the  pores  or  in  other  manner. 
Charcoal  can  be  made  to  act  as  an  antiseptic 
only  to  a  very  limited  extent,  if  at  all,  even  when 
brought  into  immediate  contact  with  the  sub- 
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st.ance  to  be  proBcrved,  but  it  always  acts  as  a 
deodoriser  if  the  porosity  be  maintained  and  it 
is  duly  aerated. 

One  of  the  first  applications  of  disinfeclants 
was  probably  that  involved  in  the  ancient  i)rocess 
of  embalming  the  dead  by  treatment  with  aromatic 
gums,  resins,  Ac.  Other  methods  of  preserving 
the  dead  were  in  use  by  the  ancients,  such  as 
asphalting  and  saltmg  the  entire  body.  Desic- 
cation was  also  used  as  a  means  of  preventing 
the  decay  of  bodies,  and  the  condition  of  some  of 
the  Egyptian  mummies  seems  to  confirm  the 
belief  tliat  this  played  an  important  part  also 
in  the  embalming  processes  of  Egypt.  Desic- 
cation, when  properly  applied,  is  one  of  the 
surest  methods  of  preventing  flesh  from  under- 
going eremacausis,  and  forms  the  subject  of  a 
modern  patent.  Almost  any  organic  substance 
which  is  kept  thoroughly  desiccated  will  remain 
unaltered  for  an  indefinite  period.  Yeast,  for 
example,  which  is  most  prone  to  decompose 
under  ordinary  conditions,  will  keep  for  a  long 
time  if  thoroughly  and  carefully  desiccated,  and, 
provided  the  temperature  docs  not  exceed  a  cer- 
tain limit,  the  vitality  of  the  yeast  will  not  be 
affected  by  such  treatment. 

The  soil  is  a  very  powerful  deodoriser,  and 
acts  to  some  extent  as  an  antiseptic.  Most  of 
the  gases  resulting  from  the  burial  of  the  dead 
are  completely  absorbed  and  rendered  innocuous 
by  the  immediately  surrounding  soil. 

For  a  long  time  it  was  thought  that  putre- 
faction took  place  spontaneously  without  any 
definite  cause,  but  we  now  know  that  such  is 
not  the  case.  It  has  been  proved,  beyond  doubt, 
that  eremacausis  is  due  to  the  presence  and 
activity  of  living  germs.  These  living  germs 
pervade  the  atmosphere,  even  where  it  is  purest, 
and  exist  to  a  very  large  extent  in  districts 
where  life  is  abundant. 

Infectious  diseases  are  conveyed  by  direct  or 
indirect  contact  with  infected  persons  or  things, 
and  the  '  disease-germs,'  as  they  are  called,  carry 
with  them  the  power  of  infection. 

It  was  thought  for  many  centuries  that 
maggots,  such  as  occur  in  decomposed  tlesh  and 
similar  substances,  were  the  result  of  spontaneous 
generation.  This  was  disproved  in  1C()8  by 
Francesco  Ecdi,  who  placed  some  wire  gauze 
over  a  jar  containing  meat.  The  tlics  which 
were  attracted,  being  unable  to  get  at  the  meat, 
deposited  their  eggs  on  the  metallic  gauze,  and 
in  due  time  these  produced  nuiggots. 

It  has  been  found  that  a  still,  warm,  and 
moist  atmosphere  induces  the  spread  of  infection. 
The  atmosphere  is  the  great  carrier  for  the 
products  of  the  decomposition  of  organic  matter. 
Plence,  when  matter  which  is  undergoing  decom- 
position is  exposed  to  the  air,  the  removal  may  be 
attended  with  considerable  risk,  unless  it  is  pro- 
perly treated.  Tyndall  has  proved  that  the  air 
is  largely  laden  with  dust  in  the  finest  state  of 
division,  and  associated  with  this  dust  are  germs 
capable  of  causing  organic  matter  to  be  decom- 
posed. These  dust  particles  and  germs  can  be 
removed  by  the  simple  expedient  of  passing  the 
air  through  somewhat  compact  cotton  wool. 
This  forms  a  perfect  filtering  medium  for  such 
R  purpose. 

According  to  M.  Pasteur,  on  exposing  a 
p.utrcscible  licjuid  to  the.  air,  there  foriiis  on  the 


surface  a  film  of  ba':fcrta,  which  exclude  com- 
pletely any  oxygen  from  the  liquid  by  them- 
selves rapidly  absorbing  that  gas.  Beneath 
these  bacteria  other  more  active  organisms, 
which  Pasteur  groups  together  under  the  name 
of  vibrios,  act  as  ferments  upon  the  albu- 
minous matters  of  the  liquid,  and  decompose 
them  into  simpler  products. 

These  in  their  turn  are  oxidised  still  further 
by  the  surface  bacteria.  Pasteur  practically 
defines  putrefaction,  or  putrid  fermentation,  as 
fermentation  without  oxygen.  This  most  im- 
portant feraientation  of  albuminous  matter, 
viz.  putrefaction,  is  occasioned  by  Bacterium 
termo  (0-0015  to  0'002  mm.  long),  and  it  is  this 
bacterium  which  induces  the  decay  of  all  organic 
matter,  and  appears  to  preserve  the  equilibriuni 

I  between  animal  and  vegetable  life. 

i  In  consequence  of  the  imperfection  of  our 
knowledge  of  the  structure  of  the  proteid  com- 
Ijounds,  that  is,  of  the  material  which  affords 
septic  bacteria  their  soil,  the  chemical  investi- 
gation of  the  process  is  one  of  extreme  dilliculty. 
Some  light  is  thrown  on  its  nature  by  the  know- 
ledge we  possess  of  decompositions  evidently 
analogous  to  it,  to  which  bodies  of  known  consti- 
tution are  liable  under  corresponding  conditions. 
Among  the  best  examples  of  these,  the  decompo- 
sition of  calcium  formate  and  acetate  under  the  in- 
fluence of  septic  ferment  may  be  referred  to  (the 
former  yielding  CO..  and  H,  the  latter  CO.^  and 
CH|),and  the  decomposition  of  lactic  acid  (yield- 
ing butjTic  acid  and  hydrogen),  the  most  remark- 
able feature  in  these  processes  being  the  preva- 
lence of  strong  reducing  agents  in  the  liquids 
undergoing  decomposition. 

In  general  the  putrefaction  of  proteid  matter 
begins  by  the  transformation  of  the  proteid 
material  itself,  first  into  albuminntcs,  i.e.  bodies 
soluble  in  liquids  of  acid  or  alkaline  reaction, 
but  precipitated  on  neutralisation;  secondly, 
into  peptones,  by  which  term  is  meant  a  proteid 
body  which  is  soluble  in  all  aqueous  liquids,  acid, 
alkaline  or  neutral,  and  at  all  temperatures. 
The  second  stage  in  putrefaction  consists  in  the 
breaking  up  of  these  soluble  proteids,  so  as  to 
give  rise  to  compounds  more  simple  and  definite 

1  in  composition,  of  which  the  most  important  are 
the  well-known  substances,  leucine,  tyrosine, 
and  indol.  Indol  and  tyrosine  with  their  deriva- 
tives belong  to  tlie  aromatic  group,  the  members 
of  which  are  linked  together,  not  only  by  their 
chemical  structure  and  relations,  but  also  by 
that  physiological  property  which,  so  far  as  we 
know,  is  possessed  by  all  of  them  in  greater  or 
less  degree,  namely,  antagonism  to  the  life  of 
ferment  organisms  (microzymes). 

Inasnmch  as  in  the  septic  process  the  initial 
material  is  proteid  and  the  end-products  are 
ammonia  and  carbon  dioxide,  there  is  an  obvi- 

!  ous  resemblance  between  it  and  that  of  the 
exchange  of  material  in  the  animal  body,  the 
difference  being  in  the  intermediate  stages  ;  but 
even  here  the  analogy  holds  good  in  certain 
important  respects.  It  is  alike  characteristic  of 
both  that  organic  acids  belonging  to  the  acetic 
series,  i.e.  having  the  constitution ; — 

H(CH,)„COOH, 
are  produced  in  such  quantity  as  to  represent  a 
large  proportion  of  the  initial  material.    In  the 

^  metabolism  of  the  higher  animals  these  occur 
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as  glycerides  of  the  highev  falty  acids;  in  the 
bacterial  process  in  "tlic  form  of  the  alkali- 
metal  or  ammonium  salts  of  lower  acids  of  the 
same  series.  The  analogy  which  has  just  been 
referred  to  derives  its  importance  from  the  con- 
sideration that  in  the  production  of  all  infective 
diseases,  from  inflammation  to  the  specific  in- 
fections, the  two  processes  are  concomitant  and 
at  the  same  time  antagonistic.  Whatever  hope 
we  may  entertain  of  eventually  acquiring  a  com- 
plete understanding  of  the  nature  of  this  anta- 
gonism must  be  founded  on  the  knowledge  which 
we  now  possess  or  may  in  future  jDossess  of  the 
relations  between  the  two  processes,  i.e.  of  the 
inlluences  which  they  mutually  exercise  on  each 
otlier  in  the  living  organism  of  man  and  the 
higher  animals. 

From  this  general  statement  it  is  obvious 
that  bacterial  life,  regarded  from  a  chemical  point 
of  view,  that  is  to  say,  with  reference  to  tlie  ques- 
tion of  the  initial  material  (proteid)  and  the  end- 
products  (CO,^,  ri_,0.  and  NH.,),  corresponds  closely 
with  that  of  animal  life  in  general.  For  while 
liacteria  feed  on  proteid  matter  and  convert  its 
material  into  the  simple  compounds  above  enume- 
rated, the  higlier  animal  organisms  in  their  pro- 
cesses of  digestion  and  assimilation  arrive  even- 
tually at  the  same  result.  The  difference  lies 
chiefly  in  the  intermediate  stages ;  in  both, 
bodies  belonging  to  the  acetic  acid  series  are 
produced  in  such  quantity  as  to  rejiresent  a 
large  proportion  of  the  initial  material ;  in  the 
first  the  bodies  include  the  lower  members  of  the 
fatty  acid  groups,  whilst  in  the  second  the  higher 
members  appear  as  glycerides  or  fats. 

The  mode  in  which  the  presence  of  septic 
organisms  in  the  living  body  of  man  and  animals 
can  be  best  understood  is  by  recognising  the 
essential  correspondence  which  exists  between, 
their  vital  processes.  It  is  because  the  vital 
processes  of  the  bacterium  so  closely  resemble 
those  of  the  animal  with  which  it  associates 
itself  that  the  one  comes  into  such  relation  with 
the  other  as  to  exercise  a  modifying  (that  is  to 
say,  a  disease-producing)  influence  upon  it. 
Whatever  the  nature  of  its  influence  may  be,  it 
is  obviously  chemical. 

Four  distinct  classes  of  aromatic  compounds 
occur  as  products  and  concomitants  of  bacterial 
life,  namely  :  — 

1.  Phenols,  the  presence  of  which  in  urine 
was  first  observed  by  Salkowski,  and  the  occur- 
rence of  which  is  apparently  associated  with 
that  of  indican.  2.  Jndol.  3.  Tyiosino  and 
septic  derivatives  of  that  body.  4.  Acids  of 
ih.r  benzoic  series,  especially  phenyl-propionic 
acid. 

Dr.  Hamilton  has  expressed  the  view  (British 
]\[edical  Association,  Dublin  Meeting,  August, 
lssi7)  that  attention  hitherto  has  been  too  ex- 
clusively fixed  upon  the  germs,  and  sulHcient 
regard  has  not  been  had  to  the  influence  of 
environment.  Every  effort  has  been  strained 
simply  to  discover  the  most  deadly  germicide, 
although  it  is  known  that  the  germs,  however 
virulent  they  may  be,  cannot  undergo  their  life- 
changes  and  produce  their  effective  results  unless 
their  environment,  like  the  cultivation-fluid  of 
the  histo-pathologists,  is  capable  of  developing 
and  sustaining  these  changes.  Deposited  on 
clean  metal,  glass,  or  porcelain,  the  organisms 
^    Vol.  I.-T 


die  of  inanition;  they  exercise  no  influence 
whatever,  and  are  amenable  to  none.  But  in 
contact  witli  dead  organic  matter,  or  living 
matter  in  certain  conditions  of  altered  or  re- 
duced vitality,  they  become  a  teeming  source 
of  decomposition  and  decay.  If,  therefore,  patho- 
logical surfaces  could  be  brouglit  to  and  main- 
tained in  such  a  condition  that  they  would  not 
afford  a  suitable  cultivation-ground,  almost  as 
much  would  be  accomplished  as  if  the  germs 
were  actually  destroyed.  This  point  Dr.  Hamilton 
illustrates  in  various  ways,  and  testifies  to  the 
good  results  obtained  in  treating  open  wounds 
with  a  solution  of  chloride  of  zinc. 

The  experiments  of  Le  Bon  bear  out  Hamil- 
ton's view,  and  show  clearly  that  not  only  the 
antiseptic  but  also  the  condition  of  the  sub- 
stance to  which  it  is  applied  exercises  a  power- 
ful influence  ujwn  its  action,  and  hence  ought 
to  be  taken  into  account.  As  an  example,  an 
aqueous  liquid  containing  10  p.c.  of  minced 
flesh  gives  off  at  the  commencement  of  putrefac- 
tion an  odour  which  is  very  foetid,  but  which  is 
destroyed  by  a  relatively  small  amount  of  an 
antiseptic.  If  instead  of  this,  however,  the  putre- 
faction be  allowed  to  continue  for  some  time,  say 
two  months,  now  bodies  will  be  developed, 
having  distinctly  different  odours  and  requiring 
at  le.ist  twice  the  amount  of  antiseptic  for  their 
destruction. 

Working  upon  a  liquid  prepared  from  minced 
flesh,  Le  Bon  has  proved  that  the  order  of  posi- 
tion which  various  antiseptics  take  is  very  dif- 
ferent from  that  commonly  supposed.  Thus  we 
find  in  order  of  merit: — potassium  permanganate, 
chlorinated  lime,  ferrous  sulphate  acidified 
with  acetic  acid,  carbolic'  acid,  glyoeroborates 
of  sodium,  and  potassium.  Le  Eon  concludes 
that  there  appears  to  be  no  relation  existing 
between  the  jjower  of  preventing  the  initia- 
tion of  putrefaction  and  that  of  arrestinr/ 
putrefaction  when  it  has  commenced ;  that 
most  of  the  reputed  antiseptics  have  little  power 
upon  bacteria  ;  and  that  mercuric  chloride  is 
one  of  the  most  powerful  germicides.  Le  Bon 
is  of  opinion  that  no  parallelism  exists  between 
the  virulent  nature  of  a  i)utrefying  body  and  the 
toxic  power  of  the  volatile  compounds  that  are 
given  off  from  it.  He  states  that  the  extremely 
toxic  nature  of  the  volatile  jiroducts  of  putre- 
faction was  on  more  than  one  occasion  demon- 
strated upon  himself  and  other  persons  who 
happened  to  enter  his  laboratory  during  the 
course  of  his  experiments. 

Germs  evidently  possess  different  powers  of 
vitality,  i.e.  some  germs  are  better  able  to  combat 
with  a  particular  disinfectant  than  others,  so 
that  it  is  impossible  to  judge  from  one  kind  of 
germ  the  effect  upon  another.  Thus  experiments 
by  Arloing,  Cornevin,  and  Thomas,  on  the  influ- 
ence of  various  disinfectants  upon  the  virus  of 
symptomatic  anthrax,  showed  that  the  following 
antiseptics  had  no  action  on  the  fresh  virus  : — 
solution  of  camphor  or  phenol  in  alcohol,  glyce- 
rin, ammonia,  acetate  and  sulphate  of  ammo- 
nium, benzene,  saturated  solution  of  sodium 
chloride,  quicklime  and  lime-water,  polysulphide 
of  calcium,  50  p.c.  solution  of  sodium  thiosul- 
phate,  20  p.c.  solution  of  borax,  tannic  acid, 
manganous  chloride  and  ferrous  sulphate,  10  p.c. 
solution  of  quinine  sulxohate,  turpentine,  and 
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monobromkle  of  camphor;  of  gases,  ammonia, 
Bulpliuious  anhydride  and  chloroform  vapour. 

The  following  substances  had  an  action  suffi- 
cient to  kill  the  fresh  virus,  but  did  not  kill  that 
which  had  been  dried  :  — Saturated  solution  of 
oxalic  acid,  5  p.c.  solution  of  potassium  per- 
manganate, 20  p.c.  solution  of  sodium  hydrate, 
chlorine,  and  vapours  of  carbon  disulphide.  The 
following  killed  the  virus  which  had  been  dried: 
■ — 20  p.c.  aqueous  solution  of  phenol,  O'l  p.c. 
solution  of  salicylic  acid,  O'l  p.c.  solution  of 
silver  nitrate,  20  p.c.  solution  of  copper  sulphate, 
20  p.c.  solution  of  boric  acid,  saturated  alcoholic 
solution  of  salicylic  acid,  0'02  p.c.  solution  of 
mercuric  chloride,  and  bromine  vapour.  It  will 
thus  be  seen  that  many  substances  which  are, 
and  have  been,  for  a  long  time  credited  with 
antiseptic  powers,  are  in  reality  of  no  use  as 
such  so  far  as  this  disease  is  concerned.  It  is 
still  customary,  for  example,  to  bury  in  quick- 
lime animals  which  have  died  from  anthrax.  It 
may  be  that  the  only  effect  which  lime  has  upon 
organisms  of  such  a  nature  lies  in  the  heat 
evolved  at  the  moment  of  hydration.  A  striking 
instance  of  the  different  powers  of  resistance 
possessed  by  different  bacteria  is  found  in 
the  fact  that  sulphurous  anhydride,  which 
usually  is  one  of  the  most  successful  germi- 


cides, has  no  effect  upon  the  fresh  virus  of 
anthrax.  Bromine  vapour  seems  to  be  the  only 
vapour  which  can  satisfactorily  destroy  the 
virus.  Mercuric  chloride  stands  first  on  the  list 
of  germicides  for  this  particular  disease,  a  solu- 
tion of  1  in  .5,000  being  sufficiently  active  to 
destroy  the  virus.  Silver  nitrate,  salicylic  acid 
and  carbolic  acid  follow  mercuric  chloride  in 
importance.  It  was  found,  however,  by  Arloing, 
Cornevin,  and  Thomas  that  to  be  effective  a 
2  p.c.  solution  of  carbolic  acid  had  to  remain  in 
contact  for  8  hours  in  the  case  of  the  fresh  virus, 
and  for  2i  hours  in  the  case  of  the  dried  virus. 

Itatimoff  has  experimented  upon  the  relative 
activity  of  antiseptics  on  septic  and  putrefactive 
bacteria  and  also  on  microbes.  Determinations 
were  made  of  the  quantity  of  each  antiseptic 
required  to  kill  or  to  sterilise.  From  the  results 
of  these  investigations  the  antiseptics  are  ar- 
ranged in  the  following  order  of  activity  :  Mer- 
curic chloride,  silver  nitrate,  iodine,  thymol, 
copper  sulphate,  salicylic  acid,  zinc  chloride, 
phenol,  quinol,  kairine,  rcsorcinol,  chloral  hy- 
drate, boric  acid,  alcohol,  oil  of  wintergrecn, 
bitter  almond  oil,  eucalyptus  oil.  The  following 
table  illustrates  the  mode  of  observation  and  the 
action  on  meat-broth  of  some  antiseptics,  diluted 
as  indicated : — 


Antiseptic 

Microbes 

Buctcriai 

Putrcf;ictive 

Septic 

Mercuric  chloride  . 
Thymol  . 
Salicylic  acid  . 
Phenol  . 

Sterilised 

Xot  sterilised 

Killed 

Kot  killed 

KiPcd 

Not  killed 

1  :  1.3,300 
1  :  2,000 
1  :  100 
1 :  400 

1  :  25,000 
1  :  5,000 

1 :  500 
1 :  500 

1  :  800,000 
1  :  35,000 
1 :  1,200 

1  :  570 

1  :  1,000,000 
1  :  50,000 

1 :  2,000 

1  :  670 

1  :  66,700 

1  :  1,000 

1 :  100,000 
1 :  2,000 

The  following  is  a  tabulation  of  experiments 
made  by  Dr.  Grace  Calvert  upon  albumen 
solution. 

In  each  case  the  nnnibcr  of  days  was  noted 
before  vibrio  life  appeared  in  a  solution  of 
albumen  containing  1  of  substance  in  1,000  of 
solution : — 


Substance  used 

Animal- 
cules 

Putrid 
odour 

Fungi 

Mouldy 
odour 

Acids: 

Sulphurous  . 

U 

over  40 

21 

over  40 

Nitric     ,  . 

10 

60 

10 

23 

Sulphuric  . 
Civrbo'ic  . 

9 

9 

11 

over  40 

over  40 

over  40 

over  40 

Crpsylio  . 

Acetic  . 

30 

"9 

50 

Picric     .  . 

17 

over  40 

19 

over  40 

Alhilis: 

IJnic       .  . 

13 

19 

over  40 

over  40 

Potash    .  . 

k; 

Soilrt 

l>3 

31 

18 

29 

Auunonia 

21 

.■iO 

20 

over  40 

Chlorine  pas  . 

7 

21 

21 

Chloiinateil  lime  . 

7 

18 

IG 

Chloriilo  zinc  . 

over  -10 

over  40 

SO 

over  40 

Cliloriilo  aluminium 

10 

21 

50 

Bisulphite  calcium  , 

11 

21 

14 

over  40 

Sulphate  iron 

7 

over  40 

IB 

IViinaiiKanate  potash 

9 

6U 

22 

over  40 

Turpentine  oil  . 

11 

over  40 

42 

In  the  above  experiments  by  Dr.  Grace 
Calvert,  0  026  of  a 'gramme  of  the  substance 


was  added  to  2()  gi-ammes  (1  to  1,000)  of  a 
solution  of  albumin  containing  1  part  white  of 
egg  to  4  parts  pure  distilled  water. 

Putrefaction  was  always  characterised  by  a 
putrid  odour,  an  alkaline  reaction,  and  the 
presence  of  animalcules ;  whereas  mouldiness 
and  fermentation  were  distinguished  by  a  mouldy 
or  musty  odour,  an  acid  reaction,  and  the  presence 
of  fungi. 

The  following  table  summarises  a  number  of 
experiments  made  by  Dr.  .lohu  Dougall  and  Dr. 
Grace  Calvert  on  the  action  of  various  anti- 
septics on  protoplasmic  and  fungus  life. 

The  aninuilcules  observed  were  Monads 
(microphymes).  Vibrios,  and  their  cell-seg- 
ments (microerphynies).  Bacteria  (microzynies), 
Amwba>,  &c. ;  and  the  fungi  were  Torula,  My- 
celium, Penicillium,  Ax.,  indicated  in  the  table 
by  letters  T.  and  P. 

In  the  first  set  of  these  experiments  by 
Dr.  J.  Dougall,  6  volumes  of  a  solution  of  the 
strength  mentioned  were  treated  with  2  volumes 
of  a  filtered  infusion  of  hay,  or  with  urine,  or 
a  mixture  of  beef  juice  and  egg  albumen.  In 
tlie  second  set  of  experiments  equal  })arts  of 
a  putrid  solution  of  beef  juice  and  egg  albumen, 
full  of  living  animalcules  and  of  the  solution  of 
various  substances  of  the  strength  known  to  be 
preventive  of  life  (as  in  fifth  colunm),  were 
mixed  together,  and  the  results  immediately 
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noted.  In  the  third  set  of  experiments  Si- 
drachms  of  distilled  water,  containing  1  in  500 
of  the  substances  named,  were  treated  with  half 
a  drachm  of  filtered  beef  juice,  or  half  a  drachm 
of  a  solution  consisting  of  1  part  white  of  egg 
to  4  parts  water.  In  the  last  set  of  experiments 
sf'parate  minims  of  vaccine  lymph  were  exposed 
to  the  several  vapours  for  24  hours,  and  the 
dried  spot  in  each  case  was  moistened  with 
glycerine  and  water  and  sealed  in  a  capillary  tube 
until  an  opportunity  for  vaccination  occurred, 
when  the  whole  of  the  diluted  lymph  was  used 
in  one  insertion  so  as  to  ensure  its  full 
effect. 

In  the  opinion  of  P>.  Koch  (Chem.  Centr.  1882, 
500)  an  efficient  disinfectant  ought  to  kill  all 
living  organisms  and  render  all  germs  innocuous 
within  twenty-four  hours.  To  test  a  disinfectant 
thoroughly,  its  action  must  be  tried  on  all  disease- 
producing  matter,  and  under  conditions  exactly 
similar  to  those  in  which  it  is  used  in  practice. 
Thus  a  disinfectant  which  does  not  kill  fungi 
would  b3  of  no  use  in  contagious  skin  diseases; 
whilst  one  which  does  not  destroy  bacteria  would 
be  inetlicient  in  diseases  caused  by  thpse  or- 
ganisms. 

Koch  has  investigated  the  action  of  disinfec- 
tants on  bacteria.  In  these  experiments  great  care 
was  taken  in  the  cultivation  of  bacteria,  select- 
ing those  which  are  seldom  found  in  the  air. 
The  experiments  on  the  develoi^mcnt  of  bacteria 
were  made  on  solid  nutritious  substances.  The 
chief  points  observed  were — 1.  If  all  the  or- 
ganisms were  killed,  for  which  purpose  it  w-as 
suflicient  to  note  the  action  on  the  most  per- 
sistent— viz.  the  bacilli  spores ;  2.  The  facility 
with  which  the  development  of  micro-organisms 
in  favourable  nutritive  solutions  was  prevented. 
Of  numerous  substances  tried,  the  only  dis- 
infectants which  fully  satisfied  the  above  con- 
ditions were  chlorine,  bromine,  iodine,  mercuric 
chloride,  osmic  acid,  and  potassium  permangan- 
ate ;  the  last-mentioned  only  acted  thoroughly 
in  strong  solutions  (5  p.c).  Bromine  and  osmic 
acid  are  too  expensive  for  most  purposes. 
Mercuric  chloride  is  very  poisonous ;  but  its 
action  is  so  rapid  that  it  could  be  used  for  solid 
substances,  which  could  then  be  washed  with 
water. 

Mercuric  chloride,  thymol,  amylic  alcohol, 
and  some  essential  oils  were  found  effective  in 
checking  the  germination  of  spores. 

According  to  Koch,  carbolic  acid  is  almost 
without  action  on  sjwres  of  anthrax  liacilli,  eg. 
the  bacilli  spores  retained  their  vitality  after 
being  five  days  in  a  2  p.c.  solution,  and  in 
another  experiment  fifteen  days  in  a  1  p.c.  solu- 
tion. It  is,  however,  destructive  to  the  living 
micro-organisms  themselves,  for  1  gram  of  pure 
carbolic  acid  can  completely  prevent  the  de- 
volopnicnt  of  anthrax  bacilli  in  H50  c.c.  of  a 
nutritive  solution,  and  even  showed  a  marked 
effect  in  1,250  c.c.  Its  action  on  other  bac- 
teria was  less  marked.  Carbolic  acid  in  the 
form  of  vapour  did  not  affect  the  germinating 
Ijower  of  bacilli  spores  at  the  ordinary  tempera- 
ture, even  after  being  in  contact  with  them  IV 
months ;  but  at  55^,  in  half  an  hour  nianv  of 
the  spores  were  destroyed,  in  throe  hours  scarcely 
any  germinating  power  was  discernible,  whilst 
after  five  or  six  hours  their  destruction  was  com- 


plete. Eaising  the  temperature  further  did  not 
increase  the  activity  of  the  carbolic  acid. 

The  above  results  were  obtained  with  aqueous 
solutions  of  carbolic  acid.    Solutions  in  oil  or 

1  alcohol  did  not  show  any  antiseptic  properties. 

j  This  was  also  the  case  with  other  disinfectants, 
e.g.  salicylic  acid,  thymol,  &c.,  except  when  they 

;  were  used  with  substances  containing  water, 

'  such  as  flesh,  (tc,  when  some  of  the  disinfectant 
became  active. 

I  Sulphurous  acid,  either  alone  or  mixed  with 
water  or  steam,  does  not  disinfect  dry  objects. 
If,  on  the  other  hand,  the  object  is  first  moist- 
ened and  then  treated  with  sulphurous  acid, 
brisk  action  is  observed ;  it  does  not,  however, 
destroy  all  germs.  Its  disinfecting  action  is 
thus  uncertain,  and  it  is  not  to  be  depended  on. 

Martens,  in  a  prize-essay  written  for  the 
medical  faculty  of  Greifswald  (C.  &  D.  32, 
42C),  gives  a  summary  of  his  researches  upon 
the  relative  antiseptic  powers  of  various  che- 
mical agents.  His  experiments  were  made 
chiefly  upon  the  micro-organisms  of  pus  formed 
on  wounded  surfaces,  or  the  result  of  inflamma- 
tion. He  regards  the  anthrax  bacillus  as  in- 
appropriate to  experiment  upon,  when  the  anti- 
septic is  intended  to  be  used  for  the  destruction 
of  other  bacilli.  The  principal  organisms  pre- 
sent in  pus  are  Slaphylococciis  pi/rogcues, 
aitreiis,  albiis,  or  citrus,  and  Strcjftococciis 2)i/ro- 
gc7ics.  Of  all  the  disinfectants  used  iodine  gave 
the  greatest  satisfaction,  if  it  may  be  considered 
in  the  light  of  a  germicide  only,  but  even  in 
most  dilute  solutions  it  is  extremely  irritating. 
A  solution  of  1  part  of  iodine  in  10,000  of 
water  proved  to  be  powerfully  active.  Thymol 
gave  satisfaction  in  a  solution  of  1:5000.  From 
the  comparatively  non -poisonous  nature  of  thy- 
mol and  its  great  antiseptic  powers,  the  o])inion 
is  expressed  that  it  should  occupy  a  more  im- 
portant position  in  surgery  than  it  now  does. 
Antiseptics  found  to  be  elTective  in  dilutions  of 

[  1:1000  included  solutions  of  sodium  hypochlorite, 
silver  nitrate  (a  salt  which  had  not  previously 
been  credited  with  the  power  of  preventing  the 
formation  of  pus),  the  mineral  acids  (nitric,  hy- 
drochloric, and  sulphuric)  and  mercuric  chloride. 

,  The  last  salt  has,  however,  been  proved  effec- 

,  tivo  against  anthrax  germs  when  so  dilute  as 
1:800,000.  Benzoic  acid  was  found  effective  in 
a  dilution  of  1:500,  and  salicylic  acid  in  1:300. 

I  Tlio  class  of  antiseptics  effective  in  dilutions  of 
1:100  included  ferric  chloride,  calcium  hypo- 
clilorite.  acid  sulphate  of  potassium  (this  salt 
has  not  been  recogni.sed  before  as  being  so 
powerfully  antiseptic),  carbolic  acid,  potassium 
permanganate,  qviinoline,cupric  chloride,  acetate 
of  aluminium,  and  rtsorcinol.  The  author  of 
the  essay  considers  that  the  high  price  of  res- 
orcinol  and  its  action  on  instruments  renders 
it  an  undesirable  disinfectant  in  practice.  Acetic 
acid  and  oil  of  turpentine  were  found  effective 

'  at  a  dilution  of  1:50,  boric  acid  at  1:2."),  and  zinc 
chloride  at  1:20;  while  the  class  elTective  at  1:10 

;  included  caustic  potash,  acetate  of  copper,  chlor- 
ide of  calcium,  citrate  of  iron,  and  antipyrin. 
Alcohol,  cadmium  sulphate,  lead  acetate,  bicar- 
bonate of  sodium,  thiosulphatc  of  sodium  were 
eft'ective  at  a  dilution  of  1:2,  while  among  those 
bodies  \vhich  were  found  to  be  wholly  ineffective 
were  the  iodide,  bromide,  sulphate,  nitrate  and 
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carbonate  of  potassium,  ebloride  and  sulphate 
of  ammouium,  sulphate  of  magnesium,  sulphate 
of  zinc,  potassium  chlorate,  and  lime. 

C.  T.  Kingzett  has  conducted  several  exten- 
sive series  of  experiments  upon  the  comparative 
antiseptic  values  of  chlorides,  nitrates,  and  sul- 
phates (S.  C.  I.  G,  702).  Two  series  of  experi- 
ments were  made  upon  starch  paste  and  one 
upon  extract  of  beef.  In  the  former  cases, 
where  starch  paste  was  used,  the  time  which 
elapsed  before  mould  made  its  appearance  w^as 
noted,  using  certain  quantities  of  a  5  p.c.  solu- 
tion of  the  substances  experimented  with.  In 
the  latter  case,  where  extract  of  beef  was  used, 
the  length  of  time  which  the  same  5  p.c.  solu- 
tion protected  the  extract  from  putrefaction  was 
noted.  From  the  results  generally,  the  com- 
jDOunds  of  the  alkalis  and  alkaline  earths  appeared 
in  many  instances  to  promote  the  growth  of  the 
mould  in  the  same  sort  of  way  as  Warington 
has  observed  the  presence  of  gypsum  facilitates 
the  nitrification  of  urine.  In  no  instance  was 
the  growth  of  mould  postponed  by  the  presence 
of  salts  of  potassium,  sodium,  or  ammonium, 
and  among  the  compounds  of  the  alkaline  earths 
magnesium  sulphate  alone  exhibited  a  slight 
proiiibitive  efi'ect.  The  zinc  compounds  ranked 
with  those  of  the  alkaline  earths.  The  sulphate 
of  manganese  in  the  higher  proportion  slightly 
delayed  the  growth  of  the  mould.  The  com- 
pounds of  iron,  tin,  lead,  and  aluminium  exer- 
cised a  distinct  but  not  very  powerful  prohibitive 
effect,  excepting  the  chloride  of  lead,  the  anti- 
septic action  of  which  must  be  described  as 
decided  and  as  ranking  with  the  sulphate  of 
copper.  As  to  copper  and  mercury,  the  chlorides 
of  those  metals  rank  apparently  as  of  highest 
and  equal  value,  side  by  side  with  nitrate  of 
copper  and  sulphate  of  mercury.  Somewhat 
below  these  compounds  in  antiseptic  action 
stand  sul^jhate  of  copper  and  nitrate  of  mer- 
cury ;  the  first  named  of  these  substances  being 
decidedly  the  more  effective  of  the  two. 

With  respect  to  the  observations  made  with 
extract  of  meat,  the  results  generally  accorded 
with  those  of  the  flour-paste  series,  excepting 
that  the  salts  of  zinc  appeared  to  exercise  a  dis- 
tinctly superior  antiseptic  influence  to  that  which 
they  exhibited  in  protecting  flour-paste  from  the 
growth  of  mould.  Chloride  of  lead  did  not  behave 
up  to  the  expectation  based  upon  the  flour-paste 
experiments  with  that  substance,  but  in  all  pro- 
bability its  effect  is  modified  by  the  precipitation 
which  the  solution  undergoes  when  added  to 
meat  extract.  The  compounds  of  mercury  and 
copper  again  come  out  as  most  effective,  and,  if 
any  choice  is  to  be  made,  it  seems  to  fall  on  the 
chlorides  of  those  metals. 

S.  Bucholtz  has  conducted  a  series  of  expe- 
riments to  determine  the  different  amounts  of 
each  antiseptic  which  would  check  the  putrefac- 
tion of  a  liquid  of  known  composition.  The 
Pasteur's  licfuid  he  used  was  a  solution  of  10 
grams  of  common  sugar,  1  gram  of  tartrate 
of  ammonium,  and  half  a  gram-  of  phosphate  of 
potassium  in  100  c.c.  of  distilled  water.  The 
amount  of  any  antiseptic  needed  to  prevent  the 
putrefaction  of  this  liquid  was  easily  determined 
by  filling  a  number  of  tubes  with  it,  adding  dif- 
ferent amounts  of  the  antiseptic  to  them,  and 
then  watching  the  results  of  their  impregnation 


with  a  few  drops  of  a  decomposing  infusion  of 
tobacco.  In  the  following  table  is  shown  the 
smallest  proportion  of  antiseptic  which  prevents 
the  development  of  bacteria  : 

1  iiart  in 


Corrosive  sublimate        .       .  20,000 

Thymol   2,000 

Sodium  benzoate    .       .       .  2,000 

Creosote   2,000 

Benzoic  acid    ....  1,000 

IVIethyl-salicylic  acid       .       .  1,000 

Salicylic  acid  ....  OriG 

Eucalyptol      ....  OGG 

Sodium  salicylate    .       .       .  250 

Carbolic  acid    ....  200 

Quinine   200 

Sulphuric  acid        .       .       .  151 

Boric  acid       ....  13.3 

Cupric  sulphate      .       .       .  13.3 

Hydrochloric  acid   ...  75 

Zinc  sulphate  ....  50 

Alcohol   50 


The  smallest  amounts  which  would  arrest 
putrefaction  and  render  the  bacteria  incapable 
of  further  development  when  removed  to  fresh 
Pasteur's  solution  were  found  to  be  as  follow : 

1  prirt  in 


Chlorine   25,000 

Iodine   5,000 

Bromine  .....  3,333 

Sulphurous  acid      .       .       .  666 

Salicylic  acid  ....  312 

Benzoic  acid   ....  250 

Methyl-salicylic  acid      .       .  200 

Sulphuric  acid.       .       .       .  IGl 

Creosote   11.10 

Carbolic  acid  ....  25 

Alcohol   4'5 


In  a  memorandum  appended  to  the  report  of 
the  medical  officer  to  the  Local  Government 
Board,  Dr.  J.  Burdon  Sanderson  (Ph.  J.  [3J 
18,  993)  states  that  hitherto  attention  has  been 
mainly  directed  to  the  rendering  of  solid  and 
liquid  excreta  innocuous,  but  he  urges  that  this 
is  not  by  any  means  all  that  can  be  accom- 
plished by  the  application  of  chemical  agents 
for  the  i^revention  of  infective  diseases.  He 
points  out  that  the  innate  no  less  than  the  ex- 
traneous contagia  have  a  life  history  which  is 
made  up  of  two  states  of  existence,  alternating 
with  or  succeeding  each  other ;  one  in  which 
they  vegetate  with  more  or  less  activity  in  the  ex- 
ternal environment,  the  other  in  which  they  have 
their  abode  in  the  living  blood  or  tissue,  exerting 
there  their  hurtful  function,  and  that  the  pro- 
blem of  disinfection  relates  to  the  latter  as  well 
as  to  the  former  of  these  states. 

Dr.  Sanderson  considers  that  the  most  im- 
l^ortant  lesson  that  has  been  learnt  in  recent 
researches  respecting  the  nature  of  contagia  is 
best  expressed  in  the  word  '  specificity,'  by  which 
he  means  that  each  individual  kind  of  contagium 
has  a  power  peculiar  to  itself  of  producing  a 
particular  modification  of  the  chemical  processes 
which  constitute  the  life  of  the  organism  it 
attacks.  Very  little  is  yet  known  respecting  the 
effect  of  chemical  agents  upon  the  product  of 
such  modifications  within  the  organism,  and 
before  much  extension  of  this  knowledge  can  be 
hoped  for  not  only  will  a  more  intimate  acquaint- 
ance with  the  contagia  be  indispensable,  but  the 
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natare  of  the  modification  produced  by  each 
will  require  to  be  worked  out.  Holding  these 
views,  therefore,  Dr.  Sanderson  indicates  four 
lines  of  research  which  should  be  followed  with 
a  view  of  acquiring  a  better  and  more  practical 
knowledge  of  the  art  of  disinfection:  (1)  The 
disinfection  of  solid  and  liquid  excreta  and  of 
clothing ;  (2)  the  disinfection  of  air ;  (3)  the 
detection  of  contagia  in  food,  air,  or  water;  and 
(4)  the  use  of  colytic  agents  with  a  view  to  the 
inhibition  of  infective  action  within  the  living 
body. 

Internal  disinfectants.  Antiseptics  can  be 
employed  externally  without  regard  to  anything 
beyond  their  power  to  destroy  microbes  ;  but  in 
certain  diseases  it  is  very  desirable  to  bring  dis- 
infectants in  actual  contact  with  the  stomach 
and  intestines,  and  in  such  cases  the  primary  or 
secondary  effects  they  may  produce  on  the  sys- 
tem must  be  carefully  considered.  When  the 
contents  of  the  stomach  are  undergoing  decom- 
position either  from  yeast,  sarcinje,  or  bacteria, 
good  results  are  obtainable  from  the  administra- 
tion of  phenol  or  creosote,  because  these  sub- 
stances come  into  direct  contact  with  the  mi- 
crobes, and  will  be  effective  in  quantities  too 
small  to  be  injurious  to  the  patient.  If  the  in- 
testine is  to  be  disinfected,  a  remedy  less  soluble 
and  poisonous  and  less  readily  absorbed  than 
phenol  or  creosote  should  be  chosen.  Thus 
salol  passes  through  the  stomach  unchanged, 
but  in  the  duodenum  is  split  up  by  the  pancreatic 
juice  into  phenol  and  salicylic  acid.  Here  the 
phenol  is  liberated  at  the  desired  point,  but  its 
action  is  too  violent,  and  hence  betol  seems  a 
preferable  remedy  to  salol,  for  the  )3-naphthol 
produced  by  its  decomposition  is  less  soluble 
and  poisonous  than  phenol,  while  more  power- 
fully antiseptic.  Kesorcinol,  thymol,  and  sodium 
bcnzoate  are  other  intestinal  disinfectants  which 
arc  sometimes  useful,  though  more  or  less  open 
to  the  same  objections  as  phenol.  The  phenol- 
sulphonates,  such  as  sulpho-carbolates  and 
aseptol,  though  loss  powerful  disinfectants  than 
carbolic  acid,  are  far  less  poisonous  and  are  of 
considerable  value  as  intestinal  disinfectants. 
The  diphenyl  derivatives  appear  to  have  less 
toxic  action,  and  at  the  same  time  to  be  more 
powerfully  antiseptic,  than  those  containing  a 
single  phenyl  group  (Lauder  Brunton,  I'h.  J.  [3] 
19,  10G6). 

H.VI.OOKNS. 

The  disinfectant  and  deodorising  characters 
of  the  free  halogens  are  well  known.  Their 
deodorising  value  depends  largely  on  their  power 
of  reacting  with  sulphuretted  hydrogen,  with 
separation  of  sulphur  and  formation  of  a 
hydracid.  Their  value  as  disinfectants  depends 
on  their  power  to  break  up  ammonia  and  other 
volatile  bodies  produced  in  putrefaction  and  de- 
composition, together  with  their  powerful  oxi- 
dising properties.  In  other  words,  their  value 
depends  mainly  on  their  allinity  for  hydrogen 
and  their  power  as  oxidisers  which  is  the  result 
of  such  allinity. 

Professor  Cash,  as  the  result  of  experiments 
instituted  to  ascertain  the  relative  potency  of 
chlorine,  bromine,  iodine,  and  sulphurous  "acid 
in  destroying  the  contagia  of  anthrax  and 
tubercle,  concluded  that,  when  employed  in  solu- 


I  tions  of  a  strength  proportional  to  their  atomic 
weights,  the  three  halogens  did  not  present  any 
.  very  remarkable  differences  in  their  disinfecting 
'  power,  though  chlorine  appeared  to  be  the  most 
potent  and  iodine  the  least.  Cash  found  that 
the  halogens  failed  to  exercise  any  disinfectant 
influence  when  employed  in  any  dilute  solution, 
even  when  the  virus  to  be  destroyed  was  exposed 
to  their  action  for  a  very  long  time.  He  gives 
the  preference  to  the  halogens  and  sulphurous 
acid  in  the  form  of  solution,  and  if  it  be  neces- 
sary to  employ  the  agent  in  the  gaseous  state, 
considers  sulphur  dioxide  jjreferable  to  the 
halogens. 

Chlorine  is  commonly  liberated  from  blcach- 
ing-pmdcr  by  the  action  of  aerial  carbonic  acid 
or  the  direct  addition  of  acetic,  hydrochloric,  or 
sulphuric  acid.  When  a  weak  acid  is  used, 
such  as  acetic  or  carbonic  acid,  and  an  excess 
avoided,  h:/pocJdorous  acid  (HCIO)  may  be  libe- 

I  rated  instead  of  free  chlorine.  This  is  probably 
quite  as  efficacious  as  chlorine  itself.  The 
oxides  of  chlorine  evolved  when  potassium  chlor- 
ate is  treated  with  a  mineral  acid  are  sometimes 
employed  for  disinfectant  purposes. 

In  using  chlorine  and  similar  agents,  the 
fact  is  often  overlooked  that  in  the  destruction  of 
any  disease-producing  material  by  a  disinfecting 
agent  it  is  necessary  to  take  into  account  the  ex- 
tent to  which  the  disinfectant  is  used  up  by  harm- 
less material.   Consequently,  to  ensure  ellicicucy, 

[  the  quantity  of  disinfectants  used  should  be 
proportioned  not  only  to  the  amount  of  morbid 
material  to  be  destroyed,  but  also  to  the  amount 
of  harmless  material  with  which  it  may  be 
associated. 

[  Bromine  has  powerful  disinfectant  properties, 
I  having,  according  to  Koch,  a  greater  capacity 
j  than  chlorine  for  destroying  micro-organisms, 
though  this  conclusion  is  not  confirmed  by  the 
experiments  of  Cash  on  the  action  of  the  halo- 
gens on  the  contagia  of  tubercle  and  anthrax. 
A  useful  mixture  for  generating  bromine  gradu- 
ally is  the  preparation  known  as  Bioinidiiie. 
This  mixture  of  a  bromide  and  bromate  yields 
free  bromine  when  treated  with  an  acid,  accord- 
ing to  the  equation  : 

SNaUr  +  NaBrO,  +  .SH.SOj 
=  3Xa,S0,  +  3H  ,0  +  3"Hr,. 
A  mixture  of  a  bromide  and  bromate  in  the 
proper  proportions  results  from  the  treatment  of 
bromine  with  a  solution  of  carbonate  or  hydroxide 
of  sodium.  If  the  product  be  evaporated  to  dry- 
ness, and  mixed  with  a  suitable  quantity  of  acid 
sulphateof  sodium  (NaHSO,),  the  preparation  will 
evolve  bromine  slowly  as  it  gradually  absorbs 
moisture  from  the  air,  or  more  readily  if  water 
be  actually  added. 

Iodine  is  regarded  by  Koch  as  less  powerful 
in  its  antiseptic  properties  than  either  bromine 
or  chlorine,  but  his  conclusions,  though  probably 
correct,  are  open  to  the  objection  that  the  iodine 
was  employed  in  alcoholic  solution  and  the 
bromine  and  chlorine  in  aqueous.  Various  forms 
of  lamp  have  been  devised  for  the  gradual  vola- 
tilisation of  iodine  and  the  difTusion  of  its 
vapour,  or  the  finely  divided  particles  produced 
on  condensation,  through  the  atmosplierc  to  be 
disinfected. 

j  Casson  and  Brownen  (Med.  Press  and  Circu- 
lar, Oct.  5,  1887)  have  proposed  to  use  candles 
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containing  iodine  and  salicylic  acid  for  the  pur- 
pose of  diffusing  disinfectant  and  deodorant 
vapours  in  sick  chambers.  The  iodine  combined 
with  salicylic  acid  can,  they  state,  be  perfectly 
incorporated  with  fats,  paraffin,  or  wax.  and  that 
when  such  candles  are  burnt  they  evolve  iodine 
and  phenol  in  a  vaporous  form.  The  p)henol 
is  divided  from  the  decomposition  of  the  sali- 
cylic acid,  and  its  presence  can  be  demonstrated 
by  the  formation  of  trinitrophenol,  or  picric  acid, 
upon passingthe products  of  combustion  through 
nitric  acid.  If  the  combustion  goes  on  too 
freely  and  completely,  the  decomposition  is  more 
thorough  and  no  phenol  is  evolved.  Tiie  iodine 
is  simply  volatilised,  and  its  presence  in  the 
products  of  combustion  can  be  detected  by  its 
action  on  starch  mucilage.  These  candles  are 
said  to  speedily  remove  the  smell  of  tobacco  or 
sulphuretted  hydrogen,  and  the  vapours  have 
been  found  of  value  in  cases  of  asthma,  hay 
fever,  and  spasmodic  cough. 

Iodine  iricldoridc,  ICl,,,  forms  long,  lemon- 
yellow  crystals  which  readily  undergo  dissocia- 
tion, especially  at  a  temperature  above  '25°C., 
with  formation  of  chlorine  and  iodine  mono- 
chloride.  The  smell  is  irritating  and  at  once 
suggestive  both  of  iodine  and  chlorine.  The 
aqueous  solution  of  iodine  trichloride  undergoes 
gradual  decomposition,  and  the  alcoholic  solu- 
tion more  rapidly. 

According  to  Von  Langenbach,  iodine  tri- 
chloride is  one  of  the  most  powerful  germicides 
known.  An  aqueous  solution  containing  0-07  to 
I'OO  gramme  per  litre  is  as  powerful  as  a  4  per 
cent,  solution  of  phenol,  can  be  used  for  washing 
hands  and  instruments,  and  may  be  given  inter- 
nally. Sixty  drops  of  a  solution  of  1  in  1200, 
given  every  two  hours,  has  been  found  of  value 
in  dyspepsia  arising  from  bacteria.  The  sijore- 
killing  power  of  iodine  trichloride  is  said  to  be 
second  only  to  that  of  mercuric  chloride. 

Fluorine.  For  obvious  reasons  the  dis- 
infectant value  of  fluorine  and  its  simpler  com- 
pounds have  not  been  studied,  but  the  value  of 
the  fluosilicates  for  the  purpose  has  been  recog- 
nised by  Wm.  Thomson,  and  their  use  as  disin- 
fectants patented  by  him.  The  fluosilicate 
(silicofluoride)  of  sodium,  Na^SiF,,,  is  the  form 
commonly  used,  and  is  now  an  article  of  com- 
merce under  the  title  of  Salufcr.  It  forms  a 
white,  odourless  powder,  sparingly  soluble  in 
vviater.  The  a(iueous  solution  possesses  but  a 
slight  saline  taste,  and,  as  it  is  non-poisonous, 
seems  well  suited  for  preserving  articles  of  food. 
A  saturated  solution  contains  Odl  p.c.  of  the 
salt,  and  can  be  applied  to  a  wound  without  pro- 
ducing irritation. 

Okgaxic  Halogen  Compounds. 

Chloroform.  The  vapour  of  chloroform  has 
proved  to  be  of  considerable  service  as  an  anti- 
septic, and  many  almost  startling  results  have 
been  obtained. 

Dr.  liichardson  reports  (Lancet,  Nov.  2.5, 
18S2)  that  a  piece  of  fresh  lung  was  placed  in  a 
vessel  so  arranged  that  the  lung  was  completely 
surrounded  by  the  vapour  of  chloroform  ;  the 
specimen  was  then  preserved  for  a  period  of 
tliirty-five  years.  Vegetable  as  well  as  animal 
tissues  can  also  be  preserved  with  chloroform 
vapour  in  a  most  satisfactory  manner — fresh 


digitalis  leaves  having  been  preserved  for  three 
years  in  this  way  (Ph.  J.  18,  35(5).  An  entire 
specimen  of  AUsnia  plantago  has  been  preserved 
for  about  two  months  in  an  atmosphere  of  chlo- 
roform ;  it  is  true  that  the  specimen  became 
somewhat  flaccid,  but  beyond  this  very  little 
change  was  i^erceptiblo. 

Iodoform  CHCl,,.  Much  conflict  of  evidence 
exists  as  to  the  antiseptic  properties  of  iodoform. 
De  liuyter  (Med.  Press.  Oct.  26,  1887,  403)  con- 
firms the  statement  that  outside  the  body,  whilst 
undecomposed,  iodoform  exercises  no  antiseptic 
action,  but  in  the  presence  of  pus  at  the  tem- 
perature of  the  body  the  iodoform  undergoes 
decomposition.  This  appears  to  be  due  to  the 
influence  of  the  pus  cocci,  since  sterilised  blood 
or  blood-serum  was  found  to  induce  no  chemical 
change  in  iodoform.  Dr.  De  liuyter  says  that 
the  iodine  liberated  by  the  breaking  up  of  the 
iodoform  combines  with  ptomaines  present,  de- 
priving these  of  their  harmful  properties,  but 
leaving  the  cocci  alive,  though  much  reduced  in 
activity. 

Mosetig  (Medical  Eecord,  July  1887)  has 
employed  iodoform  with  success,  and  without 
bad  concomitant  effects,  in  the  treatment  of 
severe  burns  or  scalds.  He  considers  the  action 
both  analgetic  and  antiseptic,  and  employs  an 
ethereal  solution  of  iodoform  to  saturate  purified 
gauze,  which  when  dry  is  used  for  dressing  the 
burn  and  covered  with  gutta  percha  tissue  and 
cotton  wool. 

lodol.  The  tetraiodo-  derivative  of  pyrrol 
has  been  recommended  as  a  substitute  for  iodo- 
form, as  it  is  devoid  of  the  pungent  odour  of  the 
latter  compound  and  is  said  to  be  quite  equal  to 
it  in  antiseptic  value. 

Boron  Compounds. 

Boric  acid  HiBO^  is  largely  used  as  a  pre- 
servative of  food.  Like  borax  it  has  gained 
favour  because  of  its  harmless  character,  which 
particularly  adapts  it  for  food  preservation. 
Fish  have  been  preserved  on  a  large  scale  by 
means  of  boric  acid,  and  with  very  satisfactory 
results.  The  dry  boric  acid  is  placed  in  very 
thin  alternate  layers  between  tlie  fish  in  barrels. 
It  is  also  used  in  solution  for  the  same  purpose, 
both  methods  being  still  in  use,  in  Sweden  par- 
ticularly. 

As  an  antiseptic  dressing  for  wounds  &c. 
boric  acid  has  gained  favour  on  account  of  its 
non-poisonous  nature  and  the  fact  tliat  5  p.c. 
solutions  can  be  used  without  causing  irritation 
to  the  most  delicate  surfaces. 

The  varying  influence  of  boric  acid  upon 
different  fermentations  has  been  investigated  by 
Herzen.  He  finds  that  the  conversion  of  starch 
into  glucose  by  the  ordinary  or  pancreatic  fer- 
ment is  not  influenced  by  boric  acid,  even  when 
the  menstruum  is  a  saturated  solution. 

The  conversion  of  glucose  into  alcohol  ap- 
pears to  be  favoured  by  the  presence  of  boric 
acid,  even  in  small  quantity  ;  but  the  presence  of 
boric  acid  in  minute  quantity  almost  prevents  the 
conversion  of  alcohol  into  acetic  acid.  So  also, 
in  respect  to  the  fermentation  of  albuminoid 
bodies  this  acid  shows  a  marked  difference  in 
its  action.  Tlie  conversion  of  alljumen  and 
fibrin  into  peptone  and  tryptone  by  means  of 
pepsin  and  trypsin  is  mucli  accelerated  by  it, 


cso 


DLSIXl-ECTANTS, 


whilst  putrefactive  fermentation  is  entirely  pre- 
vented. 

Boroglyceride  has  the  constitution  of  a  glycyl 
borate  (C^H-jBO^,  and  is  prepared  by  heating 
3  parts  of  glycerin  to  about  KiO'C,  with  2  parts 
of  boric  acid.  According  to  Sulman  and  Berry, 
the  commercial  product  contains  only  about  23 
p.c.  of  glycyl  borate,  with  75  p.c.  of  free  boric  j 
acid  and  glycerin  in  equivalent  proportions. 
Moreover,  when  the  true  glycyl  borate  is  treated 
with  water  it  suffers  immediate  hydrolysis  into 
boric  acid  and  glycerol,  and  hence  the  antiseptic 
value  of  the  preparation  would  appear  to  be 
simply  dependent  on  the  45  to  50  p.c.  of  boric 
acid  liberated  on  use. 

Borax  acts  as  a  somewhat  powerful  antiseptic, 
and,  on  account  of  its  comparatively  non-poi- 
sonous nature,  it  has  been  used  largely  for  pre- 
serving food.    Borax  in  the  jiroportion  of  1  lb.  ' 
to  100  gallons  of  milk  has  been  used  as  a  pre- 
ventive of   decomposition  during  the  sumnier  i 
months,  when  milk  is  prone  to  change,  and  it 
has  undoubtedly  a  powerful  action,  for  it  is  quite  ; 
possible  to  keep  milk  sweet  for  from  3  to  4  days,  j 
in  the  height  of  summer,  under  such  conditions.  | 

'  Glaoialin  salt  mixture '  and  '  Glacialin  rose 
extract '  are  both  mixtures  of  boric  acid  with 
borax,  the  latter  mixture  being  intended  to  pre- 
serve meat  without  altering  its  colour. 

ScLPHUR  Compounds. 

Sulphurous  acid  {sulphur  dioxide).  The 
burning  of  sulphur  for  the  purpose  of  disinfec- 
tion dates  back  for  a  considerable  time.  Sul- 
l)hurous  acid  is  perhaps  one  of  the  most  satis- 
factory germicides.  Its  power  has  been  some- 
what overrated,  but  it  is,  nevertheless,  when 
used  in  the  most  advantageous  manner,  both 
thorough  and  rapid  in  its  action. 

Tlie  Committee  on  Disinfectants  of  the 
American  Public  Health  Association,  in  a  pre- 
liminary report,  state  that  to  insure  perfect  dis- 
infection a  weight  of  3  lbs.  of  sulphur  should 
be  burnt  for  each  thousand  cubic  feet  of  air, 
and  this  proportion  ought  certainly  to  form  the  | 
minimum  limit  of  sulphur  used.  When  dri/, 
sulphur  dioxide  does  not  appear  to  have  nearly 
so  powerful  a  germicidal  action  as  when  moist. 
It  is  therefore  wise  to  boil  away  a  large  quantity 
of  water  in  a  closed  room  previous  to  disinfec- 
tion, by  these  means  securing  solution  of  the 
gas  on  the  surface  of  the  walls,  iVc,  as  well  as 
in  the  atmosphere  itself.  Unfortunately,  it  is 
quite  impossible  to  disinfect  a  sick  chamber  by 
means  of  sulphur  dioxide,  for  even  a  small 
proportion  renders  the  air  irrespirable,  and  it 
induces  coughing  when  only  existing  as  traces  j 
in  the  air. 

Arloing,  Cornevin,  and  Thomas  concluded  | 
from  exiieriments  made  at  Lyons,  on  the  in- 
fluence of  various  dit-infectants  upon  the  virus 
of  symptomatic  anthrax,  that  sulphur  dioxide 
has  no  elfect  upon  the  fresh  virus  of  anthrax. 
iS.  Scbiinland  (Annals  of  Botany, Novemberl887, 
178)  makes  use  of  sulphurous  acid  for  preserving 
the  colours  of  plants  and  preventing  the  ravages 
of  insect-life  afterwards. 

According  to  Koch,  sulphurous  anhydride 
has  liltle  or  no  action  unless  the  articles  treated 
were  first  moistened,  and  even  then  his  results 


went  to  pr.:)ve  that  it  was  not  satrsfactory  witli 
all  kinds  of  germs. 

Thiocamf.  When  camphor  is  exposed  to 
sulphur  dioxide  it  absorbs  an  enormous  volume 
of  the  gas  and  forms  a  liquid  which  has  been 
introduced  under  the  name  of  '  thiocamf '  (Chem. 
News,  59,  291).  It  can  be  preserved  without 
pressure  in  well-closed  bottles,  but  when  exposed 
to  the  air  evolves  much  sulphur  dioxide,  the 
contents  of  a  six-ounce  bottle  being  said  to  fur- 
nish more  than  20  litres  of  the  gas. 

Metallic  SHl2)ltiU'S  have  marked  antiseptic 
properties.  Sodium  sulphite  has  been  long  em- 
ployed for  preserving  tinned  foods,  for  which 
purpose  its  power  of  absorbing  o.xygeu  is  also 
of  value.  The  sulphites  of  calcium  and  mag- 
nesium are  insoluble,  or  nearly  so,  in  water,  but 
dissolve  in  a  solution  of  sulphurous  acid  forming 
so-called  'bisulphites,'  which  are  extensively 
employed  for  preserving  beer. 

Carbon  disulphide,  CS^,  possesses  powerful 
antiseptic  properties.  It  is  soluble  in  water  to 
the  extent  of  2  or  3  parts  per  1,000  at  the  ordi- 
nary temperature,  and  Ckiandi  Bey  (C.  R.  ill), 
509)  finds  that  the  solution  arrests  all  fermenta- 
tion, kills  microbes,  and  is  a  most  energetic 
antisejjtic.  He  recommends  the  use  of  the 
solution  internally  in  cholera  and  all  zymotic 
diseases,  and  the  experiments  of  Dujardin  Beau- 
metz  show  that  when  employed  in  typhus  the 
diarrhcea  is  arrested,  the  stools  disinfected,  and 
the  breath  sweetened.  For  medicinal  use  the 
commercial  carbon  disulphide  must  be  purified 
by  agitation  with  metallic  mercury  till  a  black 
precipitate  is  no  longer  produced. 

TItiocarboiiatcs  possess  antiseptic  properties 
in  consequence  of  their  gradual  decompoiition 
with  liberation  of  carbon  disulphide,  thus: — • 

CaCS,  +  U.,0  +  CO  ,  =  CaCO,  +  H.S  -t-  CS,. 
Commercial  thiocarbonates  are  very  variable  in 
quality,  and  hence  Falieres  has  devised  the  fol- 
lowing simple  method  of  assaying  them :  10 
grammes'  weight  of  the  sample  is  placed  in  a 
graduated  cylinder  holding  50  e.c,  and  10  c.c.  of 
water  and  10  c.c.  of  benzene  are  then  added. 
After  mixing  well,  20  c.c.  of  sodium  bisulpliite 
solution  of  1-32  sp.gr.  is  added  to  the  contents 
of  the  cylinder  and  the  whole  well  shaken. 
After  about  an  hour  about  10  c.c.  of  ammonia 
should  be  added,  and  the  mixture  again  shaken 
and  allowed  to  stand  for  a  short  time.  The 
carbon  disulphide  produced  by  the  decomposi- 
tion of  the  thiocarbonate  dissolves  in  the  benz- 
ene, and  the  quantity  can  be  ascertained  by 
noting  the  increase  in  the  bulk  of  the  layer  of 
the  latter ;  1  c.c.  of  carbon  disulphide  weighs 
about  1-27  grammes  at  the  ordinary  tempera- 
ture. 

Xanthatcs  (ctlu/l-thio-ox>/carboitat^s)  have 
received  application  for  destroying  the phi/Uoxi'ra 
which  affect  the  vine.    Their  action  is  probably 

f  O  C  H 

due  to  the  liberation  of  xanthic  acid  CS  j  g -  ' 

and  the  decomposition  of  this  with  formation  of 
carbon  disulphide. 

Hyduooen  peroxide. 

The  unstable  nature  of  hydrogen  peroxide 
renders  it  a  powerful  oxidising  and  deodorising 
agent,  as  it  immediately  re-acts  with  and  de- 
stroys sulphuretted  hydrogen,  and  many  other 
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eompounils  susceptible  of  change.  It  possesses 
the  advantage,  sometimes  a  very  impoi'taiit 
one,  that  the  product  of  its  decomposition 
(water)  is  neutral  and  destitute  of  chemical  ac- 
tivity, while  hydrogen  peroxide  itself  has  not 
the  extreme  tendency  to  act  on  inert  organic 
matter  which  so  much  diminishes  the  practical 
value  of  the  permanganates.  On  the  other  hand, 
hydrogen  peroxide  possesses  true  disinfectant 
properties  of  a  marked  character.  According  to 
P.  Bert  and  P.  Eeynard  (Berl.  Per.  15,  158.5),  all 
fermentations  due  to  organised  ferments  are  at 
once  arrested  by  hydrogen  peroxide,  and  the 
ferment  is  killed,  while  no  effect  is  produced  on 
soluble  ferments  (e.g.  ptj'alin,  i^epsin,  diastase, 
paucreatin).  Fibrin  decomposes  hydrogen  per- 
oxide, but  when  dissolved  in  hydrochloric  acid, 
or  changed  into  fibrin-peptoue  by  artilicial 
digestion  it  is  without  action.  Egg-albumin, 
casein,  milk,  urea,  fats,  saliva,  starch,  and 
fi'uit  juice  are  also  stated  to  be  without  action 
on  hydrogen  peroxide. 

Saiiitas  is  a  commercial  preparation,  owing 
much  of  its  disinfectant  value  to  the  presence 
of  hydrogen  jjeroxide.  It  is  prepared  by  blowing 
air  through  warm  oil  of  turpentine  in  contact 
with  water.  Under  these  circumstances  an 
aifueous  liquid  ('  sanitas  ')  is  obtained,  containing 
hydrogen  peroxide,  camphoric  acid,  and  certain 
other  oxidation-products  of  the  turpentine;  while 
the  residual  oil  itself  possesses  disinfectant 
value.  Aqueous  sanitas  contains  hydrogen  per- 
oxide in  quantity  corresponding  to  an  evolution 
of  twice  its  volume  of  oxygen  when  decomposed. 
The  disinfectant  properties  of  sanitas  have  been 
studied  very  completely  by  its  inventor,  C.  T. 
Kingzett. 

Perhianganates  and  MaNGANATIl'S. 

These  salts  are  well  known  as  disinfectants, 
and  have  obtained  deserved  favour.  A  great 
objection  to  their  use  is  the  facility  with  which 
their  oxidising  power  is  wasted  on  inert  matter. 

In  i^resence  of  a  free  acid  {e.g.  sulpliuric,  hy- 
drochloric) the  permanganates  yield  5  atoms  of 
available  oxygen,  while  the  manganatea  furnish 
4  only  :  thus 

2KMnO,  -K,0  -^  2MnO  +  0, ;  and 
21{3InO,  =  2K,0  +  2MnO  +  O,. 

In  the  absence  of  free  acid,  permanganates 
are  reduced  approximately  as  follows  : 
2KMuO,  =  K.,0  -1-  2MnO,,  +  O,,. 

Potassium  permanganate  is  the  best-known 
salt  of  the  series.  The  sodium  salt  exists  in 
Condy's  fluid,  and  the  permanganates  of  calcium, 
zinc,  and  aliimiiiiinii,  have  also  met  with  a 
limiied  use  as  disinfectants.  The  last-named 
salt  is  prepared  by  H.  B.  Condy  by  treating  a 
strong  hot  solution  of  aluminium  sulphate  with 
solid  potassium  permanganate.  The  mixture  is 
allowed  to  cool,  when  potash -alum  crystallises 
out,  and  aluminium  permanganate  and  sulphate 
remain  in  solution. 

Conihfs  crimson  disinfecting  fluid  is  an  im- 
pure solution  of  sodium  permanganate  NaMnO,, 
while  the  active  constituent  of  the  green  fluid  is 
chiefly  sodium  manganate  Na^MuU.,,  though  a 
small  but  variable  amount  of  permanganate  is 
also  present,  and  may  be  detected  by  precipitating 
the  liquid  with  barium  chloride  and  filtering 
through  asbestos,  when  the  manganate  bein"' 


removed  the  crimson  colour  of  the  perman- 
ganate becomes  apparent.  Condy's  green  fluid  is 
strongly  alkaline,  the  crimson  nearly  neutral. 
The  latter  contains  much  sulphate,  evidently  due 
to  the  sulphuric  acid  employed  to  neutralise  the 
excess  of  alkali  in  the  crude  product.  Samples 
of  Condy's  green  and  crimson  fluid  analysed  by 
A.  H.  Allen  in  1871  (Year-book  of  Pharmacy, 
1871)  were  found  to  contain  : 

Green  Criiii=ou 
Available  oxygen  (in  (  g.^^^       g .g.^,^ 
grammes  iDer  litre)  p 

The  available  oxygen  was  determined  by 
titration  with  standard  oxalic  acid  in  presence 
of  sulphuric  acid. 

Hartmaii's  crimson  .s«i(!  consists  of  a  mixture 
of  manganatesor  permanganates  with  other  sub- 
stances, the  preferable  mixture  being  (according 
to  patent  9,5.S8, 1884):  potassium  ijermauganate, 
1  part ;  potash  alum,  8  parts ;  borax,  1  part ; 
and  common  salt,  (5  parts. 

A  mixture  of  an  alkaline  manganate  with 
sulphate  of  magnesium,  calcium,  or  zinc,  or  with 
boric  acid,  has  been  patented  by  Dupre  and 
Hake,  while  Stevenson  and  Tatters  have  pa- 
tented a  mixture  of  sodium  manganate  with 
about  half  its  weight  of  bleaching  powder. 

Alujiiniu.m  Salts 
have  a  limited  antiseptic  power.  An  impure 
chloride  was  met  with  in  commerce  some  years 
since  under  the  title  of  '  Chloralum.'  The  sul- 
phites of  aluminium  have  been  recommended  by 
Wade  (Pharm.  Ilscord,  Nov.  1,  1888)  as  non- 
poisonous  and  non-irritating  antiseptics.  The 
tliiosulphate  has  also  been  recommended.  The 
preservative  properties  of  alum  are  well  known. 

Salts  of  the  Heavy  Metals. 

Many  of  the  compounds  of  the  heavy  metals 
have  obtained  more  or  less  favour  as  disinfec- 
tants. In  many  cases  they  are  little  more  than 
deodorisers,  which  property  they  possess  chiefly 
through  their  power  of  fixing  sulphuretted  hy- 
drogen and  ammonia.  In  other  cases  they  pos- 
sess antiseptic  properties  through  their  power 
of  coagulating  and  forming  insoluble  compounds 
with  albumin.  In  a  few  cases  the  salts  of  the 
heavy  metals  act  as  well-defined  disinfectants 
of  a  powerful  character,  this  property  being, 
in  some  cases  at  least,  due  to  their  marked 
poisonous  properties. 

Of  the  compoumis  of  the  heavy  metals,  the 
following  have  received  most  application  in 
the  direction  in  question. 

Zinc  cMoride.  A  solution  of  this  compound 
is  known  in  commerce  as  Burnett's  disinfecting 
fluid. 

Dr.  Koch  has  pronounced  chloride  of  zinc  to 
be  practically  inert  as  a  germicide  ;  but,  although 
it  may  not  be  directly  poisonous  to  germs,  Dr. 
Hamilton  believes  that  it  is  capable  of  render- 
ing a  cut  surface  a  barren  cultivation-ground, 
and  infers  that  it  will  produce  a  similar  effect  on 
the  walls  of  an  abscess.  This  view  is  supported 
by  the  experiments  of  Dr.  Richardson,  which 
prove  that  a  body  may  be  embalmed  perfectly 
by  means  of  chloride  of  zinc  and  spirit.  It  is 
still  the  practice  to  embalm  bodies  in  the  south 
of  Europe  by  a  process  in  which  cliloride  of  zinc 
is  used  as  the  antiseptic. 
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Ferric  clil-ride  and  ferrous  sulphate  have 
little  value  other  than  as  deodorisers. 

Cupric  sulphate,  formerly  used  for  preserving 
timber,  is  now  superseded  by  creosote,  not,  how- 
ever, because  it  was  found  inellicient  as  a  pre- 
servative, but  because  it  soon  washed  out  of  the 
wood. 

Stannous  chloride  is  said  to  be  at  least  as 
good  as  most  other  metallic  salts,  and  to  have 
the  advanta^'e  of  not  acting  on  lead  or  iron  pipes. 
This  character  would  be  true  only  of  a  neutral 
solution. 

Mercuric  chloride  lias  a  disinfectant  value  of 
the  highest  kind.  It  is  probably  the  most 
powerful  and  certain  germicide  known,  but,  like 
all  metallic  salts,  is  only  active  when  in  actual 
contact  with  the  substance.  Solutions  of  1 : 1,000 
to  1 : 10,000  of  mercuric  chloride  have  long  been 
used  for  surgical  operations,  and  are  now  em- 
ployed by  dentists  as  an  antiseptic  dressing  prior 
to  filling  teeth.  Koch  concluded,  from  an 
elaborate  series  of  experiments,  that  the  most 
valuable  true  disinfectants  (i.e.  reagents  capable 
of  destroying  micro-organisms)  available  for 
practical  purposes  are  chlorine,  bromine,  and 
mercuric  chloride  ;  while  the  most  potent  anti- 
septics are  mercuric  chloride,  certain  ethereal 
oils,  and  allyl  alcohol. 

Mercuric  cyanide  and  oxycyanide  have  a 
high  antiseptic  value,  and  for  some  i)urposes 
present  advantages  over  the  chloride.  Solutions 
of  the  oxycyanide  have  a  slight  alkaline  re- 
action, and  precipitate  albumen  but  sliglitly.  A 
solution  of  1  in  1,500  does  not  seriously  attack 
the  metals  of  surgical  instruments,  and  is  tole- 
rated well  by  the  mucous  membrane  and  by 
wounds.  Added  to  jjeptonised  broth,  Chibret 
(C.  K.  107,  110)  found  mercuric  oxycyanide  to 
have  an  antiseptic  power  six  times  as  great  as 
that  of  the  chloride,  but  in  its  effect  on  inicro- 
coccHS  aumos  it  was  somewhat  loss  powerful 
than  mercuric  chloride.  It  has  been  found  of 
great  service  in  diphtheria  (Lancet,  March  21, 
1888,  p.  5!)1). 

Mercuric  salicylate  is  referred  to  under  the 
head  of  Salicylic  acid. 

PuENOLS. 

A  number  of  the  most  important  antiseptic 
agents  contain  phenol  or  a  phenoloid  body  as 
the  active  constituent,  or  owe  their  elUcacy  to 
the  ease  with  which  they  sulTer  decomposition 
with  formation  of  a  phenol.  In  fact,  the  ma- 
jority of  bodies  containing  the  phenyl  group 
possess  antiseptic  properties. 

Carbolic  acid  has  taken  for  a  number  of 
years  a  leading  place  among  antiseptic  disinfec- 
tants. The  best  qualities  of  the  connnercial 
product  may  be  regarded  as  chemically  pure  and 
absolute  phenol,  C,,H-,.OH.  The  highest  grade 
melts  at  40  '2°C.,  and  is  free  from  homologues, 
the  proportion  of  which  gradually  increases  in 
the  lower  qualities.  Thus  '  Calvert's  No.  5  cai-- 
hoUc  acid  '  is  fluid  at  ordinary  temperatures  and 
consists  chielly  of  crcsylic  acid  (isomeric  cresols 
C,H;.OH),  with  smaller  proportions  of  still 
higher  homologues  and  traces  of  naphthalene 
ami  other  impurities.  Still  lower  qualities  of 
commercial  carbolic  acid  contain  notable  quan- 
tities of  hydrocarbon  oils,  and  it  is  not  unusual 


I  to  mix  carbolic  acid  with  an  equal  weight  or 
more  of  naphthalene  oils  or  similar  products  to 
meet  the  exigencies  of  the  market. 

For  ordinary  disinfecting  purposes  an  article 
consisting  mainly  of  cresylic  acid  and  higher 
homologues  ajipears  to  be  fully  as  serviceable  as 

I  pure  carbolic  acid,  but  according  to  Dr.  C.  M. 
Tidy  the  value  does  not  extend  to  the  lime  com- 
pound of  cresylic  acid,  which  is  said  to  be  practi- 
cally valueless  as  a  disinfectant,  whatever  may 
be  the  value  of  the  carbolic  compound  with 
lime.  It  is  probably  correct  that  both  carbolic 
and  cresylic  acid  have  little  or  no  antiseptic  value 
when  absorbed  in  a  large  excess  of  slaked  lime, 
but  the  neutral  carbolate  and  cresylate  of  calcium 
will  undergo  decomposition  by  aerial  carbonic 
acid  and  hence  will  act  as  gradual  disinfectants. 

Carbolic  acid  acts  as  a  caustic  on  the  skin,  and 
is  powerfully  poisonous.  It  appears  to  act  on 
the  system  locally  by  coagulating  albumin,  and 
generally  by  paralysing  the  nerve-centres.  Ac- 
cording to  C.  Lowe,  the  effect  of  even  momentary 
contact  of  the  strong  acid  with  any  considerable 
surface  of  the  lower  part  of  the  body  is  apt  to  be 
fatal,  but  it  has  often  been  applied  to  the  arms 
with  comparative  impunity.  M.  UosseUn  has 
made  a  series  of  investigations  bearing  more 
jiarticularly  upon  the  action  of  phenol  when 
placed  upon  the  living  body,  as  in  surgical 
dressings  and  operations  (Ph.  J.  [3j  14,  242). 
Working  with  solutions  of  different  strength, 
containing  from  1  to  5  p.c.  of  carbolic  acid  dis- 
solved in  alcohol,  dilute  alcohol,  and  also  cam- 
phorated spirit,  he  applied  the  antiseptic  to  a 
transparent  membrane  through  which  the  blood 

I  was  circulating.    He  states  that  the  circulation 

'  of  the  blood  in  the  capillaries  is  arrested,  more 
or  less  quickly,  and  in  direct  proportion  to  the 
strength  of  the  solution.  He  considers  that  the 
most  probable  explanation  of  this  is  that  the 
blood  becomes  coagulated  as  soon  as  the  anti- 
septic has  traversed  the  delicate  membrane  and 
comes  in  actual  contact  with  it.  This  action, 
according  to  M.  Gosselin,  can  be  strictly  com- 
pared with  that  of  a  caustic,  and  he  is  of  opinion 
that  phentd  applied  in  this  manner  first  acts  as 
a  germicide  and  then  as  a  semi-caustic  or 
astringent. 

Although  the  terra  '  carbolic  acid  '  has  been 
extended  commercially  so  as  to  include  products 
consisting  chielly  of  cresol  and  still  higher 
homologues  of  plionol,  it  ajipears  a  straining  of 
its  legitimate  signitication  to  api)ly  it  to  products 
from  which  tlie  real  carbolic  acid  has  been  pre- 
viously extracted.  This,  however,  is  sometimes 
done,  and  '  carbolic  acid '  and  '  carbolic  powders  ' 
are  sold  in  which  real  carbolic  acid  is  conspicu- 
I  ous  by  its  absence.  But  if  the  inexact  descrip- 
tion of  cresylic  acid  as  carbolic  acid  is  objection- 
able, the  nuittcr  becomes  more  serious  when  the 
article  is  purposely  mixed  with  neutral  tar  oils, 
or  other  hydrocarbons  of  little  direct  value  as 
antiseptics.  This  has  been  done,  in  certain 
cases,  to  the  extent  of  50  p.c,  the  '  carbolic  acid  ' 
and  '  carbolic  powders  '  sold  to  corporations  and 
local  boards  of  liealth  affording  a  fertile  field  for 
the  operations  of  the  blender. 

The  carbolic  or  cresylic  acids  from  coal  tar  are 
sometimes  completely  or  partially  replaced  by 
the  mixture  of  phenoloid  bodies  obtained  from 
the  tar  or  oil  i^roduced  by  condensing  the  waste 


DISINFECTANTS. 


G83 


gases  from  blast-fumaccs  burning  bituminous 
coal. 

Blast-furnace  creosote  oil  is  now  produced 
in  enormous  quantities  in  Scotland,  and  has 
already  found  an  extensive  application  for 
creosoting  timber,  or  producing  the  '  lucigen '  and 
'  luminator  '  lights,  and  as  a  liquid  fuel.  It  con- 
tains from  20  to  35  p.c.  of  phenoloid  bodies 
soluble  in  caustic  soda,  as  against  5  to  10  p.c. 
in  coal-tar  creosote  oil  of  London  make  (New- 
castle coal).  Blast-furnace  creosote  oil  affords 
a  cheap  and  abundant  source  of  iDhenoloid  bodies, 
which  appear  to  be  fully  equal  to  the  coal-tar 
acids  in  antisei^tio  value. 

Watson  Smith  (S.  C.  I.  2,  497)  found  a 
sample  of  the  phenoloids  extracted  from  blast- 
furnace tar  to  contain  only  1-33  p.c.  of  real 
phenol  boiling  at  182°C.,  whereas  the  tar  acids 
from  Lancashire  coal-tars  yield  about  65  p.c.  of 
crystallisable  carbolic  acid.  The  fraction  which 
would  contain  the  cresols  (cresylic  acid) 
amounted  to  4'5  p.c.  of  the  total  phenoloids. 
The  larger  fractions  (19'4p.c.)  distilling  between 
210°  and  230°  probably  consisted  mainly  of 
phlorol  (mixture  of  the  xylenols,  CsH,|.OH)  and 
creosol  C„H3(Ca,):(OH)(6.CH,).  A  large  pro- 
jportion  of  the  phenoloids  distilled  at  a  tempera- 
ture above  230°,  but  their  nature  requires  further 
study.  The  fraction  distilling  above  3(')0°  gave, 
on  treatment  with  soda  and  exposure  to  air,  un- 
stable colouring  matters  wliich  are  probably  allied 
to  the  eupitonnio  acid  obtained  from  wood-tar. 

These  results  show  that  a  certain  similarity 
exists  between  the  jihenoloids  of  low  tempera- 
ture tars,  whether  they  be  obtained  by  the  dis- 
tillation of  wood  or  shale,  or  by  the  condensation 
of  gases  from  blast-furnaces,  coke-ovens,  or  gas- 
producers. 

On  primd  facie  grounds  we  should  expect  the 
phenoloids  of  blast-furnace  tar  to  have  a  high 
antiseptic  value.  It  was  to  the  ijhenoloids  of 
wood-tar  that  Eeichenbach  in  1832  first  applied 
the  name  of  creosote  or  '  flesh  preserver.'  When, 
soon  after,  Runge  discovered  carbolic  acid  in 
coal-tar,  it  was  confused  with  the  wood-tar  piln- 
ciple,  and  it  is  probable  that  the  antiseptic 
properties  of  carbolic  acid  itself  would  not  have 
received  such  prompt  and  wide  recognition  but 
for  the  advantage  it  derived  from  its  confusion 
with  the  original  wood-tar  creosote  of  Eeichen- 
bach. In  short,  wood-tar  creosote  has  been 
superseded  by  the  cheaper  product  from  coal-tar 
except  for  certain  limited  applications. 

Neosotc.  The  phenoloids  of  blast-furnace  tar 
are  now  an  article  of  commerce  under  the  name 
of  Keosote  ('new  preservative').  They  are  ob- 
tained by  treating  the  creosote  oil  with  caustic 
soda,  and  decomposing  the  solution  of  the  soda- 
compound  thus  obtained,  after  separating  the  in- 
soluble hydro-carbon  oils,  by  the  waste  gases 
from  the  blast  furnaces.  The  carbonic  acid  in 
these  converts  the  soda  into  carbonate  and  the 
phenoloids  are  set  free.  The  solution  of  sodium 
carbonate  is  causticised  with  lime,  and  thus 
furnishes  caustic  soda  for  treating  a  fresh 
quantity  of  the  creosote  oil.  The  crude  pheno- 
loids ai'e  redistilled,  the  distillate  furnishing  the 
'Keo;ote'  of  commerce.  It  contains  only  1  or 
2  units  p.c.  of  crystallisable  carbolic  acid,  a 
large  proportion  of  cresols,  and  gradually  de- 
creasing proportions  of  the  higher  homologues. 


Oxyphenols,  similar  to  or  identical  with  those  of 
wood  creosote,  are  also  present,  but  the  method 
of  purification  adopted  eliminates  a  large  pro- 
portion of  these  constituents.  When  freshly 
distilled,  neosote  is  almost  as  colourless  as 
water,  but  it  acquires  a  dark  yellow  or  brown 
colour  by  keej)ing.  Experiments  made  to  test 
the  antiseptic  value  of  neosote  have  shown  that 
it  is  fully  able  to  compare  with  crude  carbolic 
acid,  while  its  caustic  properties  (when  applied 
in  a  concentrated  condition  to  the  skin)  appear 
to  be  much  less  marked  than  those  of  the  gas-tar 
product. 

Assay  of  carbolic  acid.  In  cases  where  car- 
bolic acid  is  largely  adulterated  witli  hydro- 
carbon oils  {e.g.  naphthalene  oils),  the  proportion 
present  may  be  ascertained  by  introducing  10  c.c. 
of  the  sample  into  a  graduated  tube  and  adding 
gradually,  noting  the  effect  produced,  20  c.c.  of  a 
solution  of  caustic  soda,  free  from  alumina,  con- 
taining 9  p.c.  of  NaHO.  The  tube  is  then  closed 
and  the  contents  well  agitated.  If  the  sample 
contain  a  considerable  proijortion  of  hydro- 
carbon oils,  the  phenols  will  be  completely  dis- 
solved by  the  alkali,  while  the  neutral  oils  will 
form  a  separate  stratum  above  or  below  tlie 
other,  according  to  their  density.  A  volume  of 
petroleum  spirit  equal  to  that  of  the  sample 
used  may  now  be  advantageously  added.  Its 
employment  facilitates  the  separation  of  the 
oily  stratum,  and  renders  the  reading  of  its 
volume  more  easy  and  accurate.  Of  course  the 
volume  of  petroleum  spirit  used  must  be  deducted 
from  that  of  the  total  oily  layer.  The  quantity 
of  soda  prescribed  above  is  not  sutiicient  to  com- 
bine with  10  c.c.  of  phenols,  and  hence  in  the 
case  of  carbolic  acid  of  fair  quality  the  measure 
of  alkaline  solution  must  be  increased  to  30  or 
40  c.c.  This  plan  is  preferable  to  using  a 
stronger  solution,  which  is  apt  to  retain  hydro- 
carbons in  solution.  In  fact,  phenate  of  sodium 
dissolves  both  hydrocarbons  and  phenols.  The 
method  just  described  is  often  useful  as  a  rough 
test  in  works  where  the  general  quality  of  the 
carbolic  acid  is  known,  but  where  a  more  accurate 
determination  of  the  neutral  oils  is  required  the 
following  method  should  be  employed  :  A  known 
quantity  of  the  crude  carbolic  acid  (preferably 
100  c.c.)  is  distilled  to  the  point  of  pitching,  and 
the  whole  of  the  distillate  agitated  with  soda 
solution.  The  alkali  should  at  first  be  of 
moderate  strength  (sp.gr.  1-125),  but  the  opera- 
tion should  be  repeated  with  fresh  quantities  of 
soda  solution  of  1-34  sp.gr.  until  the  extraction 
is  complete,  as  shown  by  the  separation  of  mere 
traces  of  tar-acids  on  acidifying  the  alkaline 
liquid.  To  cause  the  alkaline  liquid  to  separate 
completely  and  promptly  from,  the  stratum  of 
neutral  oils,  an  addition  of  petroleum  spirit 
should  be  made  and  the  whole  well  agitated. 
The  petroleum  spirit  acts  as  a  solvent  for  the 
oils  and  also  prevents  the  naphthalene  from 
solidifying  or  being  partly  dis-olved  by  the 
alkaline  liquid.  The  two  layers  are  then  sepa- 
rated and  the  tar  acids  liberated  in  a  flask  with 
a  long  narrow  graduated  neck,  mercury  is  then 
run  in  until  the  zero  mark  is  reached.  This 
method  is  decidedly  preferable  to  that  of  libera- 
ting the  tar  acids  in  a  cylinder.  It  must  be 
borne  in  mind  that  the  tar-acids  separated  are 
not  anhydrous. 
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The  specific  gravity  of  cruJe  carbolic  aciil 
at  the  ordinary  temperature  shoukl  be  between 
l-OoO  and  l-0()5.  If  lighter  than  this  it  is  sus- 
picious. In  presence  of  light  tar  oil,  the  density 
is  often  as  low  as  1-040  or  1-045. 

For  the  estimation  of  the  water  in  crude  car- 
bolic acid,  Bach  agitates  the  sample  with  half 
its  volume  of  a  saturated  solution  of  common 
salt.  The  loss  of  volume  experienced  by  the 
carbolic  acid  shows  the  measure  of  water  present. 
If  the  experiment  be  made  in  a  burette  furnished 
with  a  glass  tap,  the  saline  solution  can  be  run 
off  andtlie  phenolic  layer  treated  with  soda  solu- 
tion as  aheady  described.  Other  methods  have 
been  described  by  Beckurts,  Sclilickum,  Salzer, 
and  Vulpius  (J.  "C.  S.  50,  lOSl).  The  inferior 
grades  of  carbolic  acid  contain  the  smallest  pro- 
portion of  water. 

The  following  method  of  assaying  crude  car- 
bolic acid  with  a  view  of  ascertaining  its  quality, 
and  the  approximate  proportion  of  cri/stcillisable 
phenol  contained  in  it,  is  due  to  Charles  Lowe, 
and  is  said  to  be  largely  employed  by  manufac- 
turers : —1,000  grains  or  100  c.c.  measure  of  the 
sample  is  placed  in  a  retort  (without  any  special 
condensing  arrangement)  and  distilled,  the  liquid 
which  passes  over  being  collected  in  graduated 
tubes.  Water  first  distils,  and  is  followed  by  an 
oily  Huid.  When  10  p.c.  by  measure  of  the  ^ 
latter  has  been  collected,  the  receiver  is  changed. 
The  volume  of  water  is  then  read  off.  If  the 
oily  fluid  Hoats  on  the  water,  it  contains  liylit 
oil  of  tar.  It  should  be  heavier  than  water,  in 
which  case  it  may  be  regarded  as  hydrated  acid 
containing  about  50  p.c.  of  real  carbolic  acid. 
The  next  portion  of  the  distillate  consists  of 
anhydrous  acid,  and  when  it  measures  62-5  p.c. 
the  receiver  is  again  changed.  The  residue  in 
the  retort  consists  wholly  of  cresylic  acid  and 
still  higlier  homologucs  of  carbolic  acid.  The 
6'2-5  p.c.  of  anhydrous  acid  contains  variable 
proportions  of  carbolic  and  cresylic  acids.  These 
may  be  approximately  determined  by  ascertain- 
ing the  solidifying  p^int,  which  sliould  be  be- 
tween 00°  and  '75°F.  (15-5°  and  24°C.).  Having 
ascertained  this  temperature,  a  mixture  of  pure 
carbolic  and  cresylic  acids  is  made  in  such  pro- 
portions as  to  have  the  same  solidifying  point. 
This  may  be  adjusted  by  trial,  or  a  scries  of 
standard  specimens  may  be  prepared.  The 
exact  point  of  solidification  can  be  more  sharply 
read  if  a  minute  fragment  of  crystallised  car- 
bolic acid  be  added  to  induce  the  commence- 
ment of  the  change  of  state ;  or  the  sample 
may  be  solidified,  and  the  liquefying  point 
noted. 

Many  qualities  of  crude  carbolic  acid  now 
contain  a  comparatively  small  proportion  of 
light  oils  (5  to  6  p.c.),  and  hence  a  notable  quan- 
tity of  carbolic  acid  is  lost  in  the  10  p.c.  first 
distilled.  This  raises  the  proportion  of  cresylic 
acid  in  the  ()2-5  p.c.  next  collected,  and  hence  a 
product  is  obtained  luiving  too  low  a  solidifying 
point.  A  preferable  plan  of  assaying  the  second 
and  third  qualities  of  carbolic  acid  would  ))ro- 
bably  bo  to  reject  all  that  passes  over  below 
185°,  then  distil  to  100°  or  196°  and  take  the 
measure  and  solidifying  point  of  this  fraction. 
For  No.  1  quality,  with  02-5  p.c.  of  distillate 
crystallising  above  70°F  ,  oiUy  the  portion  pass- 
ing over  below  180°  to  182=  should  be  rejected. 


About  12  p.c.  of  water  usually  passes  over  from 
this  kind  of  acid,  though  the  proportion  ranges 
from  10  to  17  p.c,  and  at  times  10  p.c.  of  neu- 
tral oils  are  present.  By  stipulating  that  a 
sample  should  contain  a  certain  proportion  of 
anhydrous  phenol  (exclusive  of  neutral  oils  as 
estimated  by  soda)  distilling  below  a  given 
temperature  and  having  a  definite  solidifying 
point,  a  more  accurate  knowledge  of  the  product 
would  be  obtained.  Or  the  quality  of  the 
sample  might  be  simply  expressed  in  units  of 
anhydrous  phenols  solidifying  at  a  certain  fixed 
temperature. 

The  mixtures  of  phenols  from  shale-tar  and 
blast- furnace  creosote  are  liable  to  be  sold  for 
crude  carbolic  acid  from  gas-tar.  This  substitu- 
tion can  be  detected  by  a  modification  of  Hager"s 
glycerin  test :  on  treatment  with  3  measures  of 
75  p.c.  glycerin  the  greater  portion  remains  un- 
dissolved, while  carbolic  acid,  particularly  in 
the  absence  of  neutral  tar  oils,  would  be  dissolved 
on  repeated  shaking  with  the  diluted  glycerin. 
If  the  small  quantity  of  phenol  dissolved  by  the 
glj-cerin  from  shale-tar  and  blast-furnace  creo- 
sote be  extracted  by  chloroform,  and  the  latter 
allowed  to  evaporate  spontaneously,  the  residue 
will  give  the  reactions  of  carbolic  acid  fairly 
perfectly.  The  colouration  with  ferric  chloride, 
however,  changes  from  violet-blue  to  brown  in- 
stead of  remaining  permanent,  as  is  the  case 
when  crude  carbolic  acid  from  gas-tar  is  treated 
in  the  same  manner. 

Carbolic  Powders.  A  variety  of  disinfect- 
ing powders  are  now  made  which  owe  their 
elficacy  chiefiy  to  the  faci  of  their  containing 
more  or  less  crude  carbolic  acid.  In  some  cases 
the  basis  of  the  powder  is  slaked  lime,  but  the 
resultant  '  carbolate  of  lime '  is  of  little  value 
for  antiseptic  purposes.  A  number  of  substances 
besides  lime  have  been  employed  and  patented 
as  absorbents  of  carbolic  acid  for  the  manu- 
facture of  carbolic  powders.  Thus  '  MacUougaU's 
disinfecting  powder,'  the  oldest  preparation  of 
the  kind,  is  made  by  adding  a  certain  proportion 
of  crude  carbolic  acid  to  a  crude  suiphite  of 
calcium,  prepared  by  passing  sulphurous  acid 
gas  over  ignited  limestone.  Sulphurous  acid 
is  introduced  into  other  jiowders  by  the  direct 
addition  of  a  solution  of  ca'.cium  bisulphite,  and 
the  use  of  other  sulphites  has  also  been  patented. 
'  Calvert's  carbolic  acid  powder '  is  made  by  add- 
ing carbolic  acid  to  the  siliceous  residue  result- 
ing from  the  manufacture  of  sulphate  of  alu- 
minium or  initeut  alum,  from  shale  or  kaolin. 
Calcium  sulphate  is  likewise  a  suitable  absorbent, 
and  kiesclgulir  has  been  patented  by  C.  Lowe  for 
the  stronger  powders.  Good  ordinary  carbolic 
acid  powders  contain  from  12  to  18  p.c.  of  car- 
bolic acid.  As  much  as  50  p.c.  is  absorbed  by 
kieselguhr.  The  use  of  peat  as  an  absorbent  of 
carbolic  acid  has  been  patented  by  West-Knights 
and  Gall,  while  Allen  and  Angus  have  patented 
the  use  of  blast  furnace  slag  as  an  absorbent. 
Limestone  is  also  used  as  a  base,  and  spent  gas- 
lime  has  been  patented  by  Austin.  A  mixture 
of  bleaching  powder  and  phenol  recently  received 
protection.  MacDougall  Bios,  have  patented  the 
use  of  soluble  salts  as  absorbents  of  carbolic  acid, 
the  resultant  powder  being  more  readily  removed 
and  less  liable  to  choke  up  drain-pipes  than  the 
preparations  commonly  employed. 


DISINFECTAXTS. 


685 


A  step  in  the  same  direction  is  tlie  patented 
pjreparation  called  horophenol,  which  is  made 
by  absorbing  carbolic  acid  in  dried  borax. 

Assay  of  carbMc  powders. —  The  relative 
antiseptic  values  of  different  carbolic  powders  is 
best  determined  by  incorporating  a  definite 
amount  of  each  sample  of  powder  with  some 
putrescible  liquid  or  semi-liquid  substance,  keep- 
ing each  set  of  exjjeriments  in  the  same  atmo- 
sphere as  far  as  possible,  and  noting  the  number 
of  hours  or  days  which  elapse  before  decom- 
position takes  place.  Amongst  the  most  suitable 
putrescible  substances  to  experiment  upon  may 
be  mentioned  fresh  urine,  a  somewhat  weak 
nutritive  gelatin,  and  beef -tea,  filtered  whilst 
warm.  When  liquids  are  worked  upon,  a  micro- 
scopic search  for  bacteria  should  be  made  at 
intervals  of  12  to  24  hours. 

For  the  determination  of  the  percentage  of 
crude  acid  contained  in  siliceous  carbolic  pow- 
ders, a  method  frequently  used  is  to  introduce 
1,000  grains  or  100  grams  of  the  powder  into 
a  tubulated  glass  or  copper  retort,  and  heat  the 
vessel  over  a  flame.  Crude  carbolic  acid  distils 
over  and  may  be  collected  in  a  graduated  tube. 
The  pirocess  is  continued  as  long  as  anything 
passes  over.  The  heat  should  be  increased  to  dull 
redness  and  the  contents  of  the  retort  occasion- 
ally shaken  towards  the  end  of  the  process.  On 
standing,  the  aqueous  portion  of  the  distillate 
separates  from  the  oily  liquid,  and  the  volume  of 
the  latter  may  be  read  off.  A  combustion  tube 
of  glass  or  iron,  through  which  a  slow  current 
of  coal-gas  is  caused  to  pass,  may  be  advan- 
tageously substituted  for  the  retort.  To  di- 
minish the  loss  due  to  solubility  of  the  carbolic 
acid,  the  aqueous  layer  may  be  saturated  with 
powdered  anhydrous  sodium  sulijhate,  when  the 
dissolved  carbolic  acid  will  rise  to  the  surface. 

When  carefully  conducted,  the  foregoing 
process  has  yielded  fairly  satisfactory  results, 
though  test  experiments  have  indicated  that  the 
proportion  of  carbolic  acid  obtained  is  always 
be'.ow  the  truth.  A  better  and  more  accurate 
jjrocess  is  the  following,  omitting  the  treatment 
with  sulphuric  acid  as  unnecessary  in  the  case 
of  siliceous  powders. 

In  the  case  of  powders  made  with  lime,  or 
others  in  which  the  carbolic  acid  exists  in  com- 
bination, the  methods  of  distillation  and  direct 
treatment  do  not  give  accurate  results.  For  the 
determination  of  crude  carbolic  acid  in  such 
powders,  the  disinfecting  value  of  which  is 
very  doubtful,  the  following  method  may  be  em- 
ployed: — 50  grams  of  the  sample  should  be 
mixed  in  a  large  mortar  with  5  c.c.  of  water. 
Strong  sulphuric  acid,  previously  diluted  with 
an  equal  bulk  of  water,  is  then  added  very  gra- 
dually, a  few  drops  only  at  a  time.  After  each 
addition  the  whole  is  well  mixed  with  the  pestle. 
The  addition  of  the  acid,  which  should  extend 
over  some  hours,  to  avoid  sensible  rise  of  tem- 
perature, is  continued  until  a  minute  fragment 
of  the  well-mixed  content^  of  the  mortar  shows 
an  acid  reaction  on  moist  litmus  paper  when 
placed  upon  it.  If  the  mixture  be  pasty,  suffi- 
cient sand  is  mixed  with  it  to  cause  it  to  granu- 
late, and  the  mortar  is  then  covered  up  and  left 
for  some  hours.  By  proceeding  in  this  way  the 
whole  of  the  lime  combines  with  the  sulphuric 
acid  and  water  to  form  gypsum,  while  the  car- 


bolic acid  is  liberated.  The  product  is  then  ex- 
hausted with  ether  or  gasolene  in  a  Soxhlet-tube 
or  similar  contrivance,  and  the  ethereal  solution 
thus  obtained  treated  with  about  20  c.c.  of  strong 
soda  of  1-20  si5.gr.  After  agitating,  the  greater 
portion  of  the  ether  is  distilled  off  and  the  con- 
tents of  the  flask  or  retort  used  transferred  to  a 
separator.  The  ethereal  layer  which  contains 
the  tar  oils  is  evaporated  in  a  tared  flask,  and, 
after  heating  till  constant  at  lOO^'C,  weighed,  or, 
if  preferred,  measured  by  some  suitable  means. 
It  is  desirable  to  shake  the  soda  solution  with 
a  fresh  quantity  of  ether  and  add  the  ether- 
washings  to  the  main  quantity.  Naphthalene, 
if  present,  will  be  removed  by  the  ether.  The 
soda  solution  is  now  boiled  for  a  few  minutes  to 
remove  ether,  and  acidified  in  a  narrow  cylinder 
with  dilute  sulphuric  acid  (1:3).  When  the 
liquid  has  stood  some  time  and  is  thoroughly 
cold,  the  layer  of  separated  phenols  is  measured. 
Each  cubic  centimetre  weighs  about  1'05  grams. 
Hence  an  addition  of  one-twentieth  to  the  mea- 
sure gives  the  correct  weight.  The  results  arc 
somewhat  below  the  truth,  chiefly  owing  to  the 
solubility  of  phenols  in  aqueous  liquids. 

J.  Muter  substitutes  alcohol  for  ether  in  the 
foregoing  process  (Analyst,  12,  191). 

The  sulphurous  acid  contained  in  certain  dis- 
infecting powders  may  be  determined  by  stirring 
1  gramme  of  the  sample  in  a  mortar  with  a 
small  quantity  of  distilled  water  free  from  air, 
and  decanting  the  liquid  into  a  flask  containing 
50  c.c.  of  ordinary  decinormal  solution  of  iodine 
and  about  250  c.c.  of  water.  The  residue  in  the 
mortar  is  I'epeatedly  treated  with  fresh  quantities 
of  water  which  are  transferred  to  the  flask,  and 
the  undissolved  jjowder  is  finally  rinsed  in. 
Vei^y  dilute  hydrochloric  acid  is  now  added  cau- 
tiously until  the  contents  of  the  flask  show  a 
distinctly  acid  reaction,  when  the  excess  of 
iodine  is  determined  by  tliiosulphate  in  the  usual 
way.  Each  c.c.  of  decinormal  iodine  reduced  by 
the  sulphite  present  represents  0-0032  gram  of 
SO,. 

Tiibromoplienol  CH,,Br.,.OH  is  one  of  the 
newer  substances  which  bid  fair  to  become  of 
some  considerable  value  as  antiseptics.  Accord- 
ing to  Dr.  Grimm  (Ph.  .J.,  June  2, 18cS8),  a  gauze, 
containing  2  or  3  p.c.  of  tribromophenol,  when 
saturated  with  blood-serum  or  urine,  remains 
perfectly  odourless  for  fourteen  days,  whilst  a 
1  p.c.  gauze  only  begins  to  smell  after  five  days. 
1  p.c.  of  an  ammoniacal  solution  of  tribromo- 
phenol added  to  putrescent  blood-serum  is  said 
to  destroy  the  bacteria  in  half  an  hour,  whilst 
\  p.c.  solution  is  effective  in  one  hour.  Its  pre- 
sence in  a  gelatin-cultivation  liquid  in  the  pro- 
portion of  3  in  1,000  is  said  to  prevent  the  deve- 
lopment of  putrefactive  bacteria 

When  administered  internallytribi'om  jphenol 
is  taken  up  by  the  alkaline  secretions  of  the  in- 
testinal canal  and  eliminated  with  the  urine  as 
tribromophenolsulphonic  acid. 

f  OH'i' 

Ortho-phenolsulphonic  acid  C^Hj  |  gQ  jjij)- 

This  body  has  been  recently  introduced  as  an 
antiseptic  under  the  names  of  aseptol  and 
sozolic  acid.  It  is  prepared,  mixed  with  more 
or  less  of  the  para-  acid,  by  mixing  equivalent 
quantities  of  phenol  and  strong  sulphuric  acid 
in  the  cold,  and  removing  unacted-on  sulphuric 
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acid  by  adding  Ijarium  cavbonale.  The  free  sul- 
plioiiic  acid  is  then  obtained  by  treating  the  fil- 
Ured  liquid  with  an  equivalent  amount  of  sul- 
jjliuric  acid,  and  again  filtering. 

Ortho-phenoLsulphonic  acid  is  soluble  in 
water  in  all  proportions,  and  is  also  sohible  in 
alcohol  or  glycerine.  It  has  very  little  corrosive 
action,  and  is  practically  non-poisonous.  It  is 
alleged  to  have  an  antiseptic  action  three  times 
as  powerful  as  that  of  phenol,  while  the  sodium 
salt  is  still  more  energetic.  In  its  general  actions 
it  resembles  the  para-  acid,  into  which  it  is  con- 
verted by  heat. 

The  ascptol  of  commerce  is  a  3.3  p.c.  aqueous 
solution  of  the  plienolsulphonic  acid. 

Para-phenolsulphonic  acid  C„H, -j^^^g,,,, 

also  called  sulphophenic  or  sulphocarbolic  acid, 
is  produced  commercially  by  the  direct  action  of 
concentrated  sulpliuric  acid  on  phenol.  If  the 
acids  are  diluted  beyond  a  certain  point  no 
action  takes  place. 

Para-phenolsulphonic  acid  is  soluble  in  water 
and  in  alcohol,  but  insoluble  in  ether  and  in 
chloroform.  Sul])lioplieuic  acid  is  a  decided 
antiseptic,  and  its  solutions  coagulate  albumin  ; 
but  these  proiJerties  arc  not  shared  by  the  sul- 
p'lophenates  until  after  addition  of  acetic  acid. 
The  free  acid  and  its  salts  do  not  suffer  decom- 
position in  aqueous  solution  even  \yhen  exposf  d 
to  the  air,  and  their  solutions  are  not  decom- 
posed by  boiling.  The  commercial  snlphocarbo- 
lales  are  salts  of  para-i^henolsulphonic  acid. 

Fara-2)hcnolsulphonat(!S.  Sidphophcnates. 
The  sulphophenates  are  all  soluble  in  water  and 
mostly  soluble  in  alcohol,  especially  when  hot, 
but  are  insoluble  in  ether.  The  sodium  and 
calcium  salts  have  been  employed  in  medicine 
as  a  means  of  internally  administering  carbolic 
acid.  Only  distinctly  crystalline  specimens 
should  bo  used,  and  they  should  have  but  a  very 
faint  odour  of  phenol. 

The  presence  of  unconverted  phenol  in  sul- 
phophenates may  be  detected  by  acidulating  the 
solution  with  dilute  sulphuric  acid  and  agitating 
the  liquid  with  ether  or  chloroform.  The  phenol 
left  on  spontaneous  evaporation  of  the  elher 
may  be  detected  by  its  odour  and  by  the  yellow 
colour  developed  on  heating  with  nitric  acid  and 
then  neutralising  with  potash.  A  faint  yellow 
colour  should  be  neglected,  as  it  may  be  due  to 
a  trace  of  sulphophenic  acid  dissolved  by  the 
ether. 

lodc-paraphenolsulpbonic  acid.  When  one 
molecule  of  iodine  (in  the  form  of  a  mixture  of 
potassium  iodate  and  iodide)  is  added  gradually 
to  one  molecule  of  potassium  para-phenolsul- 
phonate  dissolved  in  excess  of  dilute  hydrochlo- 
ric acid,  iodine  at  first  separates,  but  is  quickly 
re-absorbed,  and  after  a  short  time  the  liquid 
sots  to  a  den.se  mass  of  long  thin  prisms  of  po- 
tassium diiodo-paraphenolsulphonate, 

c,H,i,(()H)S0aK  -f  -m.o. 

This  salt  recpiires  about  50  parts  of  water  for 
solution,  and  when  heated  decomposes  without 
melting  at  about  270°,  with  evolution  of  violet 
vapours  of  iodine.  The  sodium  salt  (normal) 
forms  a  white  crystalline  powder  containing  2 
mols.  H,0,  infusible  at  200  C.  It  is  odourless, 
soluble  in  13  ])arts  of  cold  water,  and  more 
readilj-  in  hot,  and  is  also  soluble  in  alcohol. 


Sosoiodol  is  tlie  commercial  name  piveii  to 
certain  diiodo-jihenolsulphonates.  '  Easily  solu- 
ble sozoiodol '  is  the  sodium  salt,  while  the 
potassium  salt  forms  the  '  diflicnltly  soluble ' 
modification  (P.  J.  [3]  18,  538,  G21,  lOOC). 

Thymol,  C,„H,3.0H.  This  body,  which  has 
the  constitution  of  an  isopropyl-methyl-phenol, 
has  marked  antiseptic  properties,  though  its 
cost  and  insolubility  prevent  its  very  extensive 
application. 

Naphthols,  C,„H..OH.  Both  a-  and  /3  naph- 
thol  possess  marked  antiseptic  propertiee.  Ac- 
cording to  C.  Bouchard  (C.  IJ.  10.5,  702)  /3-naph- 
thol  is  a  valuable  antiseptic  for  deep  wounds  of 
internal  administration.  0-33  gram  of /S-naphthol 
in  1,000  c.c.  of  the  usual  cultivation-liquids 
prevented  the  development  of  eleven  species  of 
bacteria,  including  those  of  anthrax,  chicken 
cholera,  and  pneumonia,  and  a  weak  cultivation 
of  the  typhoid  bacillus.  It  also  retarded  the  de- 
velopment of  the  bacillus  of  tuberculosis.  It 
prevented  the  fermentation  of  urine,  and  the 
production  of  putrefaction  by  f;ccal  matter.  It 
is  a  feeble  poison. 

According  to  J.  Maximovitch  a  naphthol  is 
more  powerfally  antiseptic  than  ;8-naplithol,  and 
has  only  one  third  of  the  poisonous  action.  The 
quantity  required  to  prevent  the  development  of 
microbes  varies  from  001  to004  p.c,  according  to 
the  nature  of  the  microbe  and  the  nidus.  Theonly 
available  solvents  for  naphthol  are  alcohol  and 
alkaline  solutions.  The  latter  materially  dimi- 
nish the  antiseptic  value  owing  to  the  formation 
of  definite  compounds,  while  from  the  alcoholic 
solution  the  naphthol  is  precipitated  by  dilution 
with  water.  If  a  solution  of  soap  be  employed 
for  diluting  the  spirit  the  precipitation  is  less 
complete,  and,  in  addition,  the  viscosity  of  the 
liquid  facilitates  the  suspension  of  the  finely 
divided  naphthol.  A  mixture  of  camphor  and 
naphthol  li(iuefies  at  the  ordinary  temperature, 
and  if  naphthol  be  dissolved  in  camphorated 
spirit  dilution  does  not  cause  complete  precipi- 
tation of  the  naphthol,  or  at  any  rate  the  naph- 
thol remains  fluid  and  is  more  miscible  with 
water. 

A  preparation,  the  exact  nature  of  which 
has  not  been  made  public,  has  been  introduced 
under  the  name  of  lu/dioiuiphtltol.  It  has  been 
alleged  that  this  substance  is  merely  more  or 
less  pure  j8-naphthol,  but  this  is  strongly  denied, 
and  it  is  slated  to  be  twelve  times  as  potent  as 
carbolic  acid  and  thirty  times  as  efficient  as 
salicylic  acid.  It  is  further  said  to  be  non- 
poisonous,  non-corrosive,  and  harmless,  and  as 
a  germicide  to  rank  second  only  to  mercuric 
chloride. 

Aromatic  acids. 
Salicylic   acid,  Ortn/y-hi/droxybcmoic  acid 
CTT  '"OH*"'' 

This  body  possesses  very  marked  antiseptic  pro- 
perties, and,  owing  to  its  slight  tasle  and  its 
general  suitability,  it  has  been  used  somev.-hat 
largely  for  the  preservation  of  food. 

Salicylic  acid  is  soluble  with  tolerable  facility 
in  hot  water,  but  separates  for  the  most  part 
on  cooling.  Its  solubility  has  been  variously 
stated  at  from  1  part  in  300  to  1  part  in  1,000. 
By  the  presence  of  various  neutral  salts  its  solu- 
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bilit-y  is  increased  without  its  antiseptic  value 
being  interfered  with.    Thus  : 

Mixed  with  1  part  potassium  nitrate  it  dis- 
solves in  50  parts  of  cold  water. 

Mixed  with  1\  parts  ammonium  citrate  it 
dissolves  in  (iO  jjarts  of  cold  water. 

Mixed  with  2  parts  sodium  sulphite  it  dis- 
solves in  .50  parts  of  cold  water. 

Mixed  with  2  parts  sodium  phosphate  it  dis- 
solves in  50  parts  of  cold  water. 

Mixed  with  2|  parts  sodium  phosphate  it 
dissolves  in  VA^  parts  of  cold  water. 

Salicylic  acid  is  very  soluble  in  solutions  of 
borax,  a  compound  of  the  formula 

Na(B0)2C,HA 
being  said  to  be  formed.  The  liquid  soon  under- 
goes decomposition.  Salicylic  acid  is  soluble  in 
alcohol  (1  in  2^^) ;  amylic  alcohol  (1  in  4);  ether 
(1  in  2) ;  chloroform,  and  benzene  (1  in  80).  It 
would  appear  from  recorded  experiments  that 
salicylic  .  acid  has  much  greater  power  as  an 
antiseptic  when  used  for  preserving  some  sub- 
stances than  it  has  when  employed  for  others. 
This  statement  holds  good  with  every  antiseptic 
more  or  less,  but  it  seems  to  be  particularly  the 
case  with  salicylic  acid. 

Bucholtz  placed  salicylic  acid  between  benzoic 
and  carbolic  acids  in  efficacy,  when  experiment- 
ing with  a  cultivation-liquid  containing  sugar, 
ammonium  tartrate,  and  potassium  phosphate. 
The  relative  powers  which  prevented  the  de- 
velopment of  bacteria  being  :  benzoic  acid,  1  part 
in  1,000  ;  salicylic  acid,  1  part  in  GOO  ;  carbolic 
acid,  1  part  in  200. 

According  to  the  investigations  of  Koch, 
salicylic  acid,  like  carbolic  acid  and  thymol,  has 
no  antiseptic  power  if  used  in  solutions  made 
with  either  alcohol  or  oil,  except  when  applied 
to  such  substances  as  contain  water  {i.e.  fiesh 
&c.),  when  some  of  the  antiseptic  is  taken  up  by 
the  water,  and  is  then  rendered  active. 

Beer  and  wine  can  be  preserved  by  the  addi- 
tion of  1  part  in  10,000  of  salicylic  acid.  The 
acid  is  extensively  employed  for  preserving  milk. 

Commercial  salicijlic  acid.  The  salicylic 
acid  of  commerce  is  much  p)urer  than  was 
formerly  the  case,  when  more  or  less  sodium 
chloride,  phenol,  cresotic  acid,  and  para-  and 
meta-hydroxybcnzoic  acids  were  fretpiently  pre- 
sent. Salicylic  acid  is  stated  to  have  been  met 
with  in  America  adulterated  with  acid  potassium 
sulphate,  gypsum,  starch,  sugar,  &c.  Chloride 
of  sodium  and  other  mineral  impurities  will 
remain  on  igniting  the  sample.  PJicnol  is  es- 
j)ecially  liable  to  be  present  in  specimens  of 
salicylic  acid  which  have  been  sublimed.  It 
may  be  detected  by  nearly  neutralising  the  solu- 
tion of  the  sample  with  sodium  carbonate,  and 
agitating  the  liquid  with  ether.  On  separating 
and  gently  evaporating  the  ethereal  layer,  the 
j)henol  may  be  recognised  by  its  odour,  taste, 
and  chemical  reactions. 

H.  Kolbe  tests  the  purity  of  commercial 
salicylic  acid  by  dissolving  0'5  grams  of  the 
sample  in  5  or  5  c.c.  of  strong  alcohol,  pouring 
the  solution  into  a  watch-glass,  and  allowing  it 
to  evaporate  spontaneously.  The  residual  sali- 
cylic acid  forms  a  ring  of  beautifully  aggregated 
effiorescent  crystals  round  the  edge  of  the  watch- 
glass.  This  mass  is  pure  white  if  the  sample  of 
the  acid  tested  be  pure  and  recrystallised,  but 
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yellowish  or  yellow  if  the  simply  precipitated 
acid  be  under  examination.  If  the  colour  be 
brownish  or  brown,  the  acid  is  unfit  for  in- 
ternal use. 

The  properties  of  salicylic  acid  are  jauch 
modified  by  the  presence  of  its  next  homologue, 
cresotic  acid,  C„H:,(CH,)OH.COOH.  Thus,  pure 
salicylic  acid  requires  about  22  jjarts  of  boiling 
water  for  solution,  while  samples  containing 
cresotic  acid  dissolve  in  14  of  boiling  water,  or 
even  a  smaller  proportion.  If  to  the  solution  so 
obtained  about  one-fifth  of  alcohol  be  added,  and 
the  liquid  allowed  to  cool,  pure  salicylic  acid 
will  form  separate  distinct  crystals  not  cohering 
together,  while  samples  containing  cresotic  acid 
form  a  network  or  woolly  mass  of  small  or  in- 
distinct crystals. 

Meta-  and  para-  hydroxyhcnzoic  acids  are 
said  to  be  occasionally  present  in  commercial 
salicylic  acid.  They  are  stated  to  have  no  anti- 
septic value.  They  also  differ  from  salicylic 
acid  in  not  volatilising  in  a  current  of  steam, 
and  in  not  yielding  the  characteristic  deep  violet 
colouration  with  a  solution  of  ferric  chloride,  a 
reaction  which  is  common  to  salicylic  acid  and 
the  three  isomeric  cresotic  acids. 

Many  of  the  metallic  salicylates  are  em- 
ployed in  medicine. 

A  basic  salicylate  of  mercury  of  the  formula 

C  H. -I  59,*^"'^*'*"'^  has  been  recommended  for 
"    ' I UNa 

use  in  place  of  mercuric  chloride  in  the  anti- 
septic treatment  of  wounds. 

Salol,  Phenyl  salicylate  C  H,(OH).CO.O.C„H,. 
This  i^reparation  is  now  manufactured  by  heating 
the  product  of  the  action  of  carbon  dioxide  on 
sodium  phenate  with  phosphorus  oxychloride  or 
pentachloride,  when  phenyl  salicylate  and  meta- 
phosphate  and  chloride  of  sodium  result.  Phos- 
gene gas  (carbon  oxycliloride)  may  be  substituted 
for  phosphorus  pentachloride  (S.  C.  I.  5,  077). 

Salol  crystallises  in  rhombic  prisms  which 
melt  at  42-4.3^0.  It  usually  occurs  as  a  white 
crystalline  powder  of  very  faint  aromatic  odour, 
but  the  dilute  alcoholic  solution  has  a  smell 
resembling  that  of  winter-green  oil,  probably 
owing  to  the  formation  of  traces  of  ethyl  sali- 
cylate. It  is  almost  tasteless,  and  nearly  in- 
soluble in  water,  but  dissolves  in  alcohol,  etlier, 
chloroform,  petroleum  spirit,  and  liquefied  car- 
bolic acid. 

The  alcoholic  solution  of  salol  is  coloured 
violet  by  ferric  chloride,  while  bromine  gives  a 
precipitate  in  the  form  of  long  needles,  consist- 
ing of  a  bronro-  derivative,  C|3H,,0.,Br,  crystal- 
lising from  alcohol  in  silky  needles  which  melt 
at  98-5°C.  When  boiled  with  caustic  soda,  s  lol 
is  readily  saponified,  and  the  solution,  when 
acidulated  with  hydrochloric  acid,  gives  an  odour 
of  phenol  and  a  copious  precipitate  of  salicylic 
acid,  which,  after  washing  with  cold  water,  gives 
with  hot  water  a  solution  coloured  violet  by 
ferric  chloride. 

Salol  should  not  redden  moistened  litmus 
paper ;  and  when  shaken  with  50  parts  of  water 
should  give  a  filtrate  which  is  not  rendered 
violet  on  addition  of  one  drop  of  ferric  chloride, 
nor  any  immediate  change  on  adding  silver  ni- 
trate or  barium  chloride. 

Salol  is  employed  in  medicine  as  a  substitute 
for  metallic  salicylates  and  winter-green  oil. 
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Being  insoluble,  it  passes  uncTianged  throngh 
the  stomach,  but  in  the  duodenum  is  decomposed 
into  phenol  and  salicylic  acid,  and  these  pro- 
ducts can  be  detected  in  the  urine,  which  is 
usually  very  dark  in  colour,  as  after  the  ingestion 
of  phenol,  of  which  salol  contains  38  p.c.  As  an 
antipyretic,  antiseptic,  and  antirheumatic,  salol 
possesses  properties  of  value.  When  applied 
externally  it  has  no  corrosive  action,  and  its 
lower  melting-point  gives  it  some  advantages 
over  salicylic  acid. 

According  to  Lowenthal  (C.  H.  107,  11G9), 
salol  will  kill  cholera  bacilli  already  developed 
in  a  paste  containing  pancreatic  juice,  and  its 
addition  to  a  paste  before  the  sowing  of  the 
.bacilli  will  render  the  paste  sterile. 

Cresijl  salicylates  are  obtained  by  processes 
analogous  to  that  used  for  the  preparation  of 
salol.  They  resemble  salol  and  have  a  similar 
antiseptic  value,  but  have  not  so  strong  an  odour. 
The  salicylate  from  orthocresol  melts  at  3.5 ^C, 
that  from  metacresol  at  7-1  °C.,  and  that  from 
paracresol  at  39°C.  In  the  system  they  are 
split  into  salicylic  acid  and  the  cresols  from 
which  they  are  derived.  In  the  case  of  the  com- 
pound from  paracresol,  the  ciesol  is  eliminated 
partly  as  a  cresyl-sulphuric  acid. 

A  body  analogous  to  salol  may  be  obtained 
by  substituting  rcsorcinol  for  phenol. 

Naphthi/l  salicylate  C,H,(OH)C0.0.C,„H.,-  , 
a  body  analogous  to  salol,  has  been  introduced 
into  commerce  under  the  name  of  '  betoL'  It 
forms  small,  lustrous  crystals,  melting  at  203°, 
almost  devoid  of  taste,  and  insoluble  in  water, 
but  soluble  in  alcohol  and  fatty  oils. 

Carbonaphtholio  acid,  a  body  prepared  by 
acting  on  uaphlhol  with  carbon  dioxide  in  pre- 
sence of  sodium,  is  said  to  have  powerful  anti- 
seplic  propoi  ties,  though  somewhat  poisonous. 

Benzoic  a.cid,  I'licnylfoniiic  acid  C,iH..CO.OH. 
K.  G.  Eccles  recommends  benzoic  acid  as  being 
less  objectionable  than  most  of  the  ordinary 
antiseptics  when  used  for  most  internal  purposes, 
or  applied  to  a  delicate  membrane  or  delicate 
portion  of  the  body  (such  as  the  eye,  in  collyria), 
&c. 

He  considers  that  it  can  be  used  with  advan- 
tage to  preserve  alkaloidal  solutions,  such  as 
are  now  becoming  more  and  more  used  in 
ophthalmic  surgery,  and  states  that  when  such 
solutions  are  applied  to  the  eyes,  the  benzoic 
acid  employed  does  not  produce  the  least  irritation. 

It  possesses  about  (iO  times  the  antiseptic 
value  of  boric  acid.  According  to  some  ob- 
servers its  antiseptic  value  is  superior,  and, 
according  to  others,  inferior,  to  salicylic  acid. 

It  does  not  impair  the  flavour  of  fruit  juices. 
It  is  excreted  as  hippuric  acid,  a  normal  con- 
stituent of  urine. 

Sodium  hcnzcne-sulphinato  is  a  compound 
obtained  by  dissolving  benzoic  acid  in  a  con- 
centrated solution  of  sodium  sulphite.  It  is  very 
soluble  in  water  at  the  ordinary  temperature, 
and  the  solution  has  been  recommended  as  an 
antiseptic  dressing  for  wounds.  It  is  said  to 
be  more  ellicient  than  phenol,  and  to  rank  with 
mercuric  salts  and  iodoform,  without  having 
the  poisonous  characters  of  the  former,  or  the 
disagreeable  odour  of  the  latter.  j 

Cinnyl  alcohol  possesses  valuable  antiseptic  ' 
.pi-opertics,  being  as  powerful  in  this  respect  as  i 


thymol.  A  saturated  aqueous  solution  forms  a 
convenient  dressing  for  ulcerated  surfaces. 

Basic  Disinfectants. 
Certain  organic  bases  have  antiseptic  pro- 
perties of  a  very  high  order.  Thus  the  value 
of  creosote  oils  for  preserving  timber  is  pro- 
bably materially  increased  by  the  presence  of 
acridiiie,  CuH^N.  Pyridine  and  its  analogues 
have  also  antiseptic  properties,  and  their  em- 
ploynient  has  formed  the  subject  of  several 
patents. 

Hydroxylamine  and  phenylhydrazine  have 

also  been  found  to  have  marked  antiseptic  pro- 
perties, and  the  same  is  probably  true  of  many 
similar  bodies. 

Trimethylamine  does  not  appear  to  be  a 
powerful  antiseptic  ;  but,  according  to  Wolheini, 
on  adding  milk  of  lime  to  herring-brine  a 
'  soluble  gaseous  reagent  '  is  produced  which  is 
highly  inimical  to  bacterial  life.  It  is  stated 
that  sewage  treated  with  a  small  proportion  of 
lime  and  herring-brine  is  sterilised  so  perfectly 
that  neither  the  precipitate  nor  liquid  shows 
any  further  tendency  to  putrefy. 

Essential  Oils. 

Many  of  the  essential  oils  possess  well-marked 
disinfectant  properties,  a  character  which  in 
some  cases  is  probably  associated  with  the  for- 
mation of  hydrogen  peroxide.  This  property 
has  been  utilised  by  C.  T.  Kingzett  in  the  pre- 
paration of  the  disinfectant  commercially  known 
as  Sanitas  by  the  action  of  air  and  water  on 
oil  oi  turpentinc.  The  value  of  ciicalypt'is  oil  is 
well  known. 

W.  Leonard  Braddon  (Lancet,  March  24, 18S8, 
170),  has  directed  attention  to  the  valuable  anti- 
septic properties  of  oil  of  ijcj'j^cniiiiit,  and  points 
out  that  Koch  found  that  one  part  of  this  oil  in 
300,000  arrested  the  dcveloimient  of  the  spores 
of  the  charbon  bacillus,  and  that  the  vapour 
speedily  killed  both  spores  and  bacilli.  Braddon 
considers  oil  of  pejipermint  one  of  the  strongest 
and  most  reliable  of  antiseptic  agents,  and  has 
found  marked  good  effects  from  its  use  in  diph- 
theria and  the  early  stages  of  phthisis. 

A.  H.  A. 

DISTILLATION.  The  object  of  distillation 
is  the  separation  of  a  volatile  liquid  from  a  non- 
volatile substance,  such  as  jiure  water  from  sea 
water,  or  more  conunonly  the  separation  of  two 
or  more  liipiids  of  ditTerent  volatility. 

The  apparatus  required  consists  essentially 
of  four  parts;  a  stiU  or  boiler, a,  fig.  1,  in  which 


Fig.  1. 


the  liquid  is  boiled  ;  an  upright  tube  or  head,  b; 
a  condensing  tube,  c,  sloping  downwards  and 
cooled  by  suitable  means  — a  Liebig's  condenser, 
L,  through  which  a  current  of  water  is  passed, 
being  generally  employed  in  the  laboratory; 
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lastly,  a  receiver,  R,  to  collect  the  distilled  liquid. 
The  form  of  apparatus  shown  iu  fig.  2  is  con- 
venient for  many  purposes  ;  the  still,  the  head, 
and  the  condensing 
tube  are  sealed  to- 
gether in  one  piece. 

The  still  is  usu- 
ally heated  by  the 
flame  of  a  Bunsen 
burner,  but  for  very 
volatile  and  in- 
flammable liquids  a 
water  bath  should 
be  used ;  the  Lie- 
big's  condenser  is 
unnecessary  for  liquids  which  boil  above  160°  or 
170^  if  the  condensing  tube  is  fairly  long. 

If  the  temperature  at  which  the  liquid  boils 
is  to  be  ascertained  with  accuracy,  and  this  is 
generally  the  case  in  fractional  distillation,  espe- 
cially in  the  final  purification  of  a  liquid,  the 
following  points  should  be  attended  to. 

1.  The  thermometer  should  be  carefully  cali- 
brated, and  it  would  be  a  great  advantage  if  all 
thermometers  were  comi)ared  with  an  air  ther- 
mometer, for  different  kinds  of  glass  expand 
very  differently  when  heated,  and  therefore  two 
thermometers,  constructed  of  diti'erent  varieties 
of  glass,  will  give  different  readings,  especially 
at  high  temperatures. 

2.  The  zero  point  of  the  thermometer  should 
be  redetermined  from  time  to  time.  It  is  a  good 
plan  to  heat  the  thermometer  for  several  hours 
to  about  300°  or  360°  before  calibrating  it ;  the 
subsequent  changes  of  zero  point,  which  other- 
wise might  be  considerable  at  high  temperatures, 
are  thereby  greatly  reduced.  (Crafts,  C.  K.  95, 
910  ;  also  several  earlier  papers.)  Thermometers 
treated  in  this  manner  may  now  be  purchased. 

3.  For  high  temperatures  the  thermometers 
should  contain  nitrogen  to  prevent  volatilisation 
of  mercury  in  the  heated  stem  ;  if  the  thermo- 
meter is  provided  with  a  small  bulb  at  the  top, 
rise  of  pressure  owing  to  compression  of  the  gas 
in  the  thermometer  is  avoided. 

4.  The  thermometer  should,  if  possible,  be 
so  placed  in  the  apparatus  that  not  only  the  bulb 
but  also  the  column  of  mercury  in  the  stem  is 
surrounded  by  the  vapour  of  the  boiling  liquid  ; 
otherwise  the  following  correction,  which  at  the 
best  is  somewhat  uncertain,  must  be  applied  : — 

N  =  length  of  column  of  mercury  in  scale 
degrees  not  heated  by  vapour. 

T  =  temperature  of  vapour  (the  approximate 
temperature  directly  read  on  the  thermometer  is 
usually  sufficiently  accurate). 

t  =  mean  temperature  of  column  of  mercury 
not  heated  by  vapour.  This  temperature  may  be 
approximately  ascertained  by  attaching  a  small 
thermometer  to  the  other  by  means  of  thin  india- 
rubber  bands  or  wire,  with  its  bulb  at  about  the 
middle  of  the  unhealed  column. 

Correction— add  0-000113  (T-i)N. 

The  co-efficient  0  00016  is  usually  employed, 
but  Holtzmann  pointed  out  that  this  is  too  high, 
and  adopted  the  number  0-000135 ;  Thorpe, 
however  (C.  J.  1880,  159),  has  shown  that  the 
co-efficient  0-000143  gives  the  best  results.'  The 
'  Rimbach  (B.  22,  3072)  has  constructed  tables  of  cor- 
rections by  iuter|]olation  from  experimental  data  up  to 
220°  for  two  kinils  of  tliermometers  graduated  in  degrees, 
and  up  to  lt»P  for  tliermometers  graduated  iu  teutUs  of  a 
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following  table  for  the  correction  of  thermometer 
readings  is  taken  from  Thorpe's  paper : — 


o 
o 

t>l»OCC'rH';t1I:^0  01lf:iODr-H--t1 

o 

^1  lO  00  O  CO  O  O  rH  t>- 

O 

00 

|^l^OI^-0''^■J»ocooco»ooDO 

OOOiHrHrHrH'flCN  7-1  6^  CO 

i  170 

1 

IGO 

CI  O  CO  t-H  M^  t'^  O  CO  >C  Ci  1— 1  '-t* 
f^3  -rji  to  Ci  I— (  CO  O  X'  O       »C  L-^ 

O  O  O  O  rH  rH  rH         C'l  (f  1      J  C>1 

o 

I— (cO'^ooc^'Oc^roiO  —  ^- 

t>l  -ii  :p  GD  O  C^l  O  t-.  1— 1  CO  'O 

oooooooooooo 

OOOOr^THA-rHiH<fl(>lC<l 

o 

Ot-O'l^rO^MOnO'^-HCO 
rO  >;0  C;-       rH  CO       O  'X  O 

OOOOOrHrHTHiHrHC-l'fl 

o 

t  H  1— 1               CO  O  t-  H  tH  CT.  to 

fH  CO  >0  ^  X  O  -ri  Ci-^  lO        X  O 
OOOOOi— IrHrHiHrHrHOl 

on 

COiHt^COCS'^OOG^lXCOC:' 
THcp"^OC^C:.rH(M'^tOC--X 
OOOOOOrHTHrHiHrHrH 

o 
o 

"rlHCrifOl>i— lOO'^OCOXi-f 
OOOOOOiHtHTHrHrHrH 

o 

CI 

COtOClfM-^Hf^OCOOCXiCT-H 
i-H  0-1  X)  'O  to  tr^  w  O  <— 1        -t^  to 
OOOOOOOr^r^pHrHrH 

o 

CO 

THcqco-^':£;i>.XCiOT-HC^co 
OOOOOOOOtHiHt^tH 

o 

OOOOOOOOOOOO 
t^-.      CO      lo  o  i>  X  r--  O  i-H  <>1 
OOOOOOOOOrHTHtH 

o 

Cit:^0-^COi-HOXt^>jO-t<CO 
O"— (01CO-f<iOO*OJC~-XO>0 
OOOOOOOOOOOrH 

o 
*c> 

r  t^'HXt0C0OIr--t^^-^^iO 

O  rH  C'l  fN  rO       O  i-O  "JD  CO 

OOOOOOOOOOOO 

o 
'I* 

CT'i-Ht'-COO'iOO'Oi— 't^rOCTi 
O  1— 1  I— 1  <M  C^l  CO  ^  -rfi  lO  »-0  CO'  O 
OOOOOOOOOOOO 

o 

CO 

'^CftCOO-HiOO'^C^COt^.— 1 
OOtHi— (CMO<lCOCOCO-H-f<iO 
OOOOOOOOOOOO 

CI 

CO         Ct.  rH  --M  I>-  O  CO  O  X  T— 1  -H 
OOOl— li-Hi— l<MrM(NfMCOCO 
OOOOOOOOOOOO 

o 

t-l(M-t<iOt>>XOTHCO-t^iOt>- 
OOOOOOi— li— (i— li— IrHi— 1 

OOOOOOOOOOOO 

T 

H 

OOOOOOOOOOOO 
rHG^C0'^i-0Ol>XC5O'-(<M 
rH  1-1  iH 

5.  When  the  amount  of  liquid  in  the  bulb  is 
very  small  the  vapour  is  liable  to  be  sujierheated 

degree.  All  these  thermometers  were  constructed  of  Jena 
glass,  and  from  the  results  it  would  appear  that  the  form  of 
the  thermometer,  and  doubtless  also  the  natiu'e  of  the  glass, 
have  a  notable  Influence  on  the  maijuitudeof  the  correction. 
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by  the  flame,  and  unless  the  bulb  of  the  thcmio 
meter  is  thoroughly  moistened  with  condensed 
liquid,  too  high  a  temperature  will  be  registered. 
If  a  very  little  cotton-wool  or,  for  temperatures 
above  230°C.,  a  little  fibrous  asbestos  be  wrapped 
round  the  bulb  of  the  thermometer,  it  remains 
thoroughly  moist,  and  with  a  pure  liquid  the 
thermometer  registers  a  perfectly  constant  tem- 
perature until  the  last  trace  of  liquid  in  the  bulb 
has  disappeared  (Eamsay  and  Young,  C.  J. 
1885,  42). 

6.  The  barometer  should  always  be  read,  and 
corrected  to  0°C.,  for  the  boiling-point  of  a  liquid 
varies  greatly  with  the  pressure.  It  is  impossible 
to  give  any  accurate  and  generally  applicable 
formula  for  correcting  the  observed  boiling-point 
to  that  under  normal  pressure  (760  mm.),  but 
the  following  may  be  taken  as  fairly  approximate : 

'  8200  "         '  10000 

where  6  is  the  correction  in  degrees  centigrade, 
t  is  the  observed  boiling-point, 
and  p  is  the  barometric  pressure. 

The  first  correction  is  applicable  to  the 
majority  of  liquids,  the  second  to  water  and  the 
lower  alcohols  (Kamsay  and  Young,  P.  M.  1885, 
515).  For  a  more  accurate  method  of  correction 
V.  Crafts  (B.  20,  709).  It  is  probable  that  the 
wide  differences  observed  by  ditl'erent  chemists 
in  the  boiling-point  of  many  liquids  not  very 
difficult  to  obtain  in  a  fair  state  of  purity  may 
be  accounted  for  by  the  neglect  of  some  of  the 
jirecautions  described. 

The  various  parts  of  the  simple  apparatus, 
figs.  1  and  2,  may  require  modification  under 
certain  circumstances. 

The  still.  For  larger  quantities  of  liquid  a 
tin  or  copper  vessel  is  preferable  to  glass. 

Tlie  head.  The  modifications  of  this  part 
of  the  apparatus  will  be  considered  under  frac- 
tional distillation. 

The  condenser.  For  very  volatile  liquids  the 
condensing  tube  must  be  cooled  by  ice  or  a 
freezing  mixture  (pounded  ice  and  salt  or  ice 
and  concentrated  hydrochloric  acid,  &c.).  In 


ployment  of  stopcocks  arranged  in  such  a  manner 
that  air  maybe  admitted  into  the  receiver  and  a 
fresh  one  put  in  its  place  while  the  distillation 


Fig.  3. 

this  case  a  spiral  or  '  worm '  tube  should  be 
used  (fig.  3).  Condensation  of  moisture  in  the 
receiver  is  prevented  by  the  drying  tube  a. 

The  receiver.  If  a  liquid  boils  at  a  very  high 
temperature,  or  if  it  suffers  decomposition  at  the 
ordinary  boiling-point,  it  may  be  necessary  to 
distil  it  under  reduced  pressure.  For  cases  of 
simple  distillation  the  apparatus  shown  in  fig.  4 
may  be  employed,  but  if  the  distillate  is  to  be 
collected  in  separate  portions,  as  in  fractional 
distillation,  the  removal  of  the  receiver  would 
necessitate  the  admission  of  air  into  the  appa- 
ratus and  a  fresh  exhaustion  after  each  change. 
This  inconvenience  may  be  obviated  by  the  em- 


bulb  remains  exhausted.  (Thorncr,  B.  9,  ISfiS ; 
F.  D.  Brown,  C.  J.  1879,  554 ;  L.  T.  Thome, 
B.  16,  1327  (fig.  5) ;  Lothar  Meyer,  B.  20,  1834.) 


Fio.  5. 

Or  again  a  series  of  receivers  on  a  revolving 
stand  placed  under  an  exhausted  bell-jar  may  ba 
employed.  (Cxorboft'  and  Kessler,  B.  18,  1363 ; 
Briihl,  B.  21,  3339  (fig.  6).) 


Fig.  6. 

Many  liquids  absorb  moisture  from  the  air  or 
are  acted  upon  by  oxygen,  and  in  these  cases 
special  precautions  must  be  taken,  the  moist  air 
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in  the  apparatus  being  expelled  and  replaced  by 
dry  air,  carbon  dioxide,  nitrogen,  or  hydrogen  ; 
the  receivers  must  also  be  protected  by  drying 
tubes.  For  example,  v.  Thorpe,  C.  J.  1885, 
120. 

Theory  of  distillation.  Investigations  of  the 
vapour  isressures  of  liquids  have  thrown  much 
light  on  the  subject  of  distillation.  If  a  pure 
liquid  be  confined  in  the  space  above  the  mer- 
cury in  a  barometer  tube,  it  will  evaporate  until 
the  i3ressure  of  its  vapour  —  measured  directly 
by  the  depression  of  the  mercury  column — has 
reached  a  definite  amount,  which,  for  a  given 
substance,  and  if  liquid  be  still  present,  depends 
solely  on  the  temperature.  From  the  readings 
of  pressure  at  various  temperatures  we  may 
construct  a  curve  to  illustrate  the  relations  of 
tsmperature  to  pressure  for  a  given  substance, 
but  this  curve  has  a  two-fold  meaning,  for  it 
represents  not  only  the  vapour  pressures  (vapour 
tensions)  at  definite  temperatures,  but  also  the 
boiling-points  of  the  liquid  under  definite  pres- 
sures. Thus  the  vapour  pressure  of  i)ure  water 
at  100°C.  is  760  mm.  of  mercury  at  0°)  and 
under  a  pressure  of  7C0  mm.  water  boils  at 
100°.  Again,  the  vapour  j)ressure  of  water  at  0°  is 
4'()  mm.,  and  if  the  pressure  in  a  distillation 
bulb  containing  water  be  reduced  to  4-6  mm. 
the  water  will  boil  at  0°.  The  truth  of  this 
general  statement  was  conclusively  proved  by 
Kegnault  (Mem.  de  I'Academie,  vols.  21  and  2()). 

Eegnault  has  also  investigated  the  behaviour 
of  mixed  or  heterogeneous  li(iuids,  which  ho 
divides  into  three  classes  :  —  1.  Liquids  which 
are  quite  or  almost  insoluble  in  each  other ; 
2.  Liquids  which  are  miscible  only  within  cer- 
tain limits  ;  i5.  Liquids  which  mix  in  all  propor- 
tions. Piegnault  employed  both  the  statical  and 
dynamical  methods  of  investigation,  that  is  to 
say,  he  determined  on  the  one  hand  the  vapour 
pressures  of  the  heterogeneous  liquids  at  various 
temperatures  in  the  barometer  tube,  and  on  the 
other  hand  the  boiling-jjoints  of  the  liquids 
under  various  jjressures. 

I.  The  first  class  of  heterogeneous  liquids 
gives  the  simplest  results,  for  the  vapour  jares- 
sure  at  any  temijerature  is— approximately  at 
any  rate — the  sum  of  the  vapour  pressures  of  the 
constituents  at  the  same  temperature  ;  in  other 
words,  the  liquids  evaporate  independently  of 
each  other  {v.  also  Magnus,  P.  38,  488).  It  is 
obvious,  however,  that  we  must  not  have  one 
liquid  covered  by  a  long  column  of  the  other, 
especially  if  the  heavier  liquid  is  also  the  less 
volatile.  In  this  observation  of  Regnault's  lies 
the  explanation  of  the  fact  that  liquids  which 
boil  at  a  much  higher  temperature  than  water 
and  are  insoluble  in  it,  pass  over  with  the  steam 
when  the  two  substances  are  distilled  together. 
This  process  of  distillation  with  steam  is  very 
frequently  made  use  of  in  order  to  separate  high 
boiling  liquids  such  as  aniline  from  non-volatile 
impurities ;  it  is  especially  useful  when  the 
liquid  is  liable  to  decompose  at  its  ordinary 
boiling-point. 

If  this  generalisation  is  rigorously  correct, 
and  if  we  know  the  vapour  pressures  of  the  two 
non-miscible  liquids,  we  can  calculate  the  tem- 
perature at  which  the  heterogeneous  liquid  will 
boil  — so  long  as  the  relative  quantity  of  either 
liquid  is  not  too  small  -  and  also  the  relative 
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weights  or  volumes  of  the  two  liquids  in  the 
distillate. 

The  following  example  will  illustrate  the 
method  of  calculation.  The  substances  are 
water  and  ohlorobenzene,  the  vapour  pressures 
of  which  are  accurately  known. 


Temperature 

Vapour  pressure 

Chlorobeuzcue 

Water 

Tut;J 

90° 

208  .35 

625-45 

733-8 

91° 

215-8 

545-8 

761-6 

92^ 

223-45 

566-75 

79U-2 

Under  a  pressure  of  761-6  mm.  the  hetero- 
geneous liquid  should  boil  at  91-0". 

In  a  litre  of  the  vapour  at  91°  and  761-6 
mm.  we  shall  have,  according  to  Dalton's  law 
of  partial  pressures,  1  litre  of  ohlorobenzene  at 
91°  and  215-8  mm.  and  1  litre  of  steam  at  91° 
and  545-8  mm.  Now  the  vapour  density  of 
ohlorobenzene  is  56-2  and  of  water  9  ;  there- 
fore the  weights  of  ohlorobenzene  and  water 
in  a  litre  of  the  mixed  vapour  will  be-- 

,  0-0896  X  56-2 273  >  215-8 

Ohlorobenzene   - 

(273-^91)  x760 

0-0896  X  9  X  273  x  545-8 

^  (273  +  91)  X  760 

,  .  1  ,      .„  ,    56-2  X  215-8 

or  the  relative  weights  will  be  ;  or 

°  9  x  545-8 

generally,  if  cl  and  D  be  the  vapour  densities 
of  the  two  liquids  and  p  and  P  their  vapour 
pressures  at  the  calculated  boiling-point,  the 
ratio  of  the  weiglits  in  the  vapour  and  therefore 

in   the  distillate  will  be  —  =  ~      (v.  Nau- 
W    DP  ^ 

mann,  B.  10,  1421,  1819,  2015,  2099,  and 
Brown,  C.  J.  1879,  550).  That  these  laws 
are  in  accordance  with  the  facts  may  be  seen 
from  the  following  experiment.  Eiglrty  grams 
of  water  and  110  grains  of  chlorobenzeue  were 
distilled  until  about  3  grams  of  ohlorobenzene 
and  nearly  40  of  water  remained  in  the  flask. 
Bar.  pressure  740-2  mm.  Boiling-point  calcu- 
lated 90-25;  observed  90-25  to  90-35.  Percentage 
by  weight  of  ohlorobenzene  in  distillate  : — calcu- 
lated 71-2 ;  observed  71-6.  The  distillate  was 
collected  in  five  portions,  each  of  which  had 
practically  the  same  composition.  On  con- 
tinuing the  distillation  the  temperature  rose 
rapidly  when  the  chlorobonzene  had  nearly  dis- 
appeared. 

The  following  laws  hold  good  for  the  distil- 
lation together  of  two  (or  more)  insoluble 
liquids  :  — 

1.  The  boiling-point  is  lower  than  that  of 
either  component,  and  may  be  calculated  if  the 
vapour  pressures  of  the  components  are  known  ; 
it  remains  constant  until  nearly  the  whole  of 
either  of  the  liquids  has  been  removed. 

2.  The  composition  of  the  distillate  re- 
mains constant  until  the  quantity  of  either  com- 
ponent has  become  very  small ;  it  may  be  cal- 
culated from  the  equation  —  =  i^. 

W  DP 

Many  experiments  might  be  cited  in  support 
of  these  laws,  and  though  the  vapour  pressures 
have  in  many  cases  not  been  determined,  so  that 
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the  evic'cnce  is  frequently  incomplete,  still,  taken 
as  a  whole,  it  seems  conclusive  (Pierre  ami 
Puchot,  A.  Ch.  IRS,  293  ;  Hecht,  ibid.  209,  321 ; 
Lazarus,  B.  18,  577  ;  Easinski,  J.  pr.  31,  428). 

II.  We  come  now  to  Eegnault's  second  class 
of  binary  liquids,  those  which  are  only  partially 
miscible.  Not  very  much  is  accurately  known 
about  such  heterogeneous  liquids,  and  it  is  doubt- 
ful whether  any  definite  laws  can  be  enunciated 
further  than  that  the  vapour  pressure  is  greater 
than  that  of  either  liquid  alone,  but  is  less  than 
the  sum  of  the  two,  and  that  the  boiling-pomt 
under  any  pressure  is  lower  than  that  of  the 
Biore  volatile  component.  The  boiling-point 
cannot,  however,  be  calculated  from  the  vajjour 
pressures  of  the  components.  In  the  case  of 
aniline  and  water,  which  are  but  slightly  soluble 
in  each  other,  the  lowest  temperature  observed 
was  0'85°  higher  than  that  calculated,  and  with 
excess  of  aniline  it  rose  1°  while  there  was  still  a 
good  deal  of  water  present.  The  composition  of 
various  fractions  was  nearly  constant,  but  the 
percentage  of  aniline  (correcting  for  approximate 
solubility)  was  more  than  3  p.c.  lower  than 
that  calculated  {v.  Konowalow,  Wied.  Ann.  14, 
219  ;  Pierre  and  Puchot,  I.e.). 

III.  Eegnault's  third  class  of  binary  liquids 
includes  those  which  are  miscible  in  all  pro- 
portions, but  the  behaviour  of  such  mixtures 
varies  so  greatly  that  it  is  convenient  to  sub- 
divide them  into  three  groups. 

a.  When  the  liquids  are  mixed  in  certain 
proportions,  the  vapour  prefsure  is  higher  and 
the  boiling-point  is  lower  than  that  of  either 
component  alone ;  for  each  pair  of  substances  that 
mixture  which  exei'ts  the  greatest  vapour  pres- 
sure, and  which  therefore  has  the  lowest  boiling- 
point,  boils  at  a  constant  temi^erature,  and  it  is 
impossible  to  separate  the  components  by  any 
system  of  fractional  distillation. 

b.  The  vapour  pressure  and  the  boiling- 
point  of  the  mixture  always  lie  between  those  of 
the  components,  whatever  the  proportions ; 
there  is  no  mixture  of  constant  boijing-point, 
but  the  temperature  rises  continuously  during 
distillation.  The  components  may  be  sepa- 
rated by  fractional  distillation. 

c.  With  mixtures  of  a  certain  composition 
the  vapour  pressure  is  lower  and  the  boiling- 
point  higher  than  that  of  either  component.  A 
mixture  of  constant  boiling-point  may  be  ob- 
tained, which  cannot  be  altered  in  composition 
by  fractional  distillation;  it  is  this  mixture 
which  has  the  maximum  boiling-point  and  the 
minimum  vapour  pres^sure. 

An  explanation  of  the  very  varied  behaviour 
of  different  pairs  of  liquids  when  heated  together 
may  probably  be  found  in  the  following  con- 
siderations. When  two  liquids  a  and  b  are 
brought  in  contact  three  factors  must  be  taken 
into  account—  (1)  the  attraction  of  the  molecules 
of  A  for  each  other;  (2)  tlie  attraction  of  the 
molecules  of  n  for  each  other  ;  (3)  the  attrac- 
tion, whether  physical  or  chemical,  of  the  mole- 
cules of  A  for  those  of  b.  The  relative  magni- 
tude of  these  attractions  appears  to  be  mani- 
fested in  various  ways,  for  instance,  bv  the  mis- 
cibility  of  tlw  liquids  ;  by  the  heat  evolved  or 
absorbed  on  mixing;  by  the  change  of  volume 
on  mixmg;  by  the  effect  on  the  vapour  pres- 
sure or  boiling-poiut. 


The  simplest  case  is  that  in  which  the  at- 
traction of  the  molecules  of  a  for  each  other  and 
of  those  of  B  for  each  other  is  incomparably 
greater  than  the  attraction  of  the  molecules  of 
A  for  those  of  b.  In  this  case  the  liquids  do  not 
mix  at  all ;  there  is  obviously  no  heat  evolu- 
tion or  change  of  volume  ;  and  the  vapour  pres- 
sure is  the  sum  of  those  of  the  components. 
The  boiling-point  and  the  composition  of  the 
vapour  or  distillate  may  be  calculated  by  the 
method  given. 

As  the  relative  value  of  the  attraction  of  the 
unlike  molecules  increases,  the  liquids  taken  be- 
come more  and  more  miscible  until  we  get 
liquids  which  mix  in  all  proportions.  Again, 
taking  the  same  order,  we  have  at  lirst  in  all 
probability  absoqstion  of  heat  on  mixing,  the 
amount  of  heat  absorbed  gradually  diminishing 
and  finally  changing  to  an  increasing  heat 
evolution.  So  also  with  the  change  of  volume, 
we  have  expansion  at  first,  but  this  diminishes, 
and  we  finally  observe  a  contraction  on  mixing 
the  liquids.  Lastlj^  the  vapour  pressure  be- 
comes relatively  smaller  and  smaller  than  the 
sum  of  those  oiE  the  components  and  the  boil- 
ing-point higher  than  that  calculated  on  the 
basis  of  complete  insolubility,  until,  as  in  the 
case  of  formic  acid  and  water,  we  find  that  the 
vapour  pressure -for  certain  proportions— is 
less  and  the  boiling  point  is  higher  than  that  of 
either  component. 

In  connection  with  this  part  of  the  subject  a 
striking  observation  by  Hecht  (A.  209,  321)  may 
be  mentioned.  On  distilling  a  mixture  of  acetic 
acid  (b.p.  119°),  butyric  acid  (b.j).  IGS""),  and 
ffi'.ianthylic  acid  (b.p.  223°)  with  excess  of 
water,  the  cenanthylic  acid  came  over  first, 
then  the  butyric  acid,  and  lastly  the  acetic  acid. 
Hecht  points  out  that  cenanthylic  acid  is  in- 
soluble in  water ;  butyric  acid  is  soluble  in  all 
proportions,  but  without  apparent  heat  evolu- 
tion, and  acetic  acid  evolves  heat  when  mixed 
with  much  water. 

But  the  effects  produced  by  increasing  at- 
traction of  unlike  molecules  probably  do  not 
always  proceed  as  it  were^wJ'i  2)as$u.  Thus  while 
it  is  generally  the  case  that  the  vapour  pressure 
of  a  mixture  of  two  liquids  which  dissolve  in 
each  other  in  all  proportions  lies  between  those 
of  the  components,  yet  there  is  a  considerable 
number  of  cases  known  in  which  the  vapour 
pressure  is  greater  than  that  of  the  more  volatile 
component. 

It  is  well  known  that  the  solubility  in  water 
of  many  homologous  scries  of  fatty  compounds, 
alcohols,  aldehydes,  acids,  &c.,  diminishes  with 
rise  of  molecular  weight,  and,  as  far  as  experi- 
ments on  the  subject  have  been  made,  it  appears 
that  the  contraction  and  the  heat  evolution  on  ad- 
mixture with  water  also  diminish.  The  vapour 
pressures  of  various  mixtures  of  the  lower 
fatty  alcohols  and  acids  with  water  have  been 
carefully  studied  by  Konowalow  (Wied.  Ann.  14, 
34)  and  the  results  are  very  clearly  exhibited  by 
means  of  curves.  Konowalow  shows  that  the 
vapour  pressures  of  mixtures  of  methyl  alcohol 
and  water  always  lie  between  those  of  the  com- 
ponents, and  it  is  well  known  that  this  is  also 
the  case  with  the  boiling-points.  This  is  also  the 
case  with  mixtures  of  ethyl  alcohol  and  water, 
in  nearly  all  prox^ortions,  but  according  to 
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Le  Bel  (C.  E.  88,  912)  a  mixture  contain- 
ing about  97  p.c.  of  alcohol  boils  at  a  constant 
temperature ;  but  with  propyl  alcohol  addition 
of  water  raises  the  vapour  pressure  and  lowers 
the  boiling-jjoint,  and  a  mixture  of  about  28  p.c. 
of  water  and  72  p.c.  of  propyl  alcohol  boils  with 
perfect  constancy  at  a  temperature  nearly  10° 
below  the  boiling-point  of  the  more  volatile  com- 
ponent, propyl  alcohol.  The  behaviour  of 
isobutyl  alcohol  and  water  approximates  very 
closely  to  that  of  two  non-mi  scible  liquids. 
Again,  with  the  acids,  addition  of  water  lowers 
the  vapour  pressure  of  formic  acid,  the  minimum 
being  reached  with  from  20  to  30  p.c.  of  water, 
while  Koscoe  has  shown  that  a  mixture  contain- 
ing 77'5  ■p.c.  of  formic  acid  boils  constantly  at 
107°,  the  boiling  of  formic  acid  being  101-1°. 
Acetic  acid  shows  nothing  of  the  kind,  the 
vapour  pressure  and  boiling-point  lying  always 
between  those  of  the  components.  The  mixtures 
of  the  higher  acids  with  water  behave  more  and 
more  like  non-miscible  liquids. 

In  accordance  with  these  results  it  is  found 
practicable  to  effect  a  fairly  complete  separation 
of  methyl  or  ethyl  alcohol  or  acetic  acid  from 
water  by  distillation,  but  it  is  quite  impossible 
to  do  this  with  propyl  alcohol  or  formic  acid. 
In  the  case  of  propyl  alcohol  the  first  portions 
of  the  distillate  consist  of  the  constant  boiling 
mixture,  the  last  jjortions,  however,  consisting 
of  either  pure  water  or  propyl  alcohol,  according 
to  the  relative  quantities  in  the  original  mixture  ; 
while  with  formic  acid  pure  or  fairly  pure  water 
or  acid  comes  over  first  and  the  temperature 
gradually  rises  until  the  constant  boiling  mixture 
begins  to  distil,  after  which  it  remains  constant 
until  the  end  of  the  distillation. 

As  regards  the  composition  of  the  distillates 
from  mixtures  of  class  III.,  it  has  been  stated  by 
Wanklyn  (A.  128,  .328)  and  also  by  Berthelot  (ibid. 
p.  321)  that  the  law  wliich  has  been  shown  to  ap- 
lily  to  non-miscible  liquids  is  true  for  all  mixtures, 
and  confirmatory  results  have  been  obtained  by 
Thorpe  (C.  J.  1879,  644)  in  the  case  of  a  mixture 
of  equal  volumes  of  carbon  tetrachloride  and 
methyl  alcohol,  but  it  is  to  be  noticed  that  the 
mixtures  examined  belong  to  class  Ilia.,  the 
boiling-point  in  each  case  being  (for  certain  pro- 
IJortions)  lower  than  that  of  either  component. 
A  very  laborious  series  of  experiments  has  been 
made  by  F.  D.  Brown  (C.  J.  1879,  550  ;  1880,  49, 
304  ;  1881,  617)  with  a  view  to  determining  the 
relation  between  the  composition  of  the  distillates 
from  mixtures  of  varying  composition  and  the  boil- 
ing-points of  those  mixtures.  Brown  finds  that 
Wanklyn's  law  does  not  hold  for  ordinary  mix- 
tures, the  boiling-points  of  which  rise  continu- 
ously during  distillation.  Calling  the  relative 
weights  of  the  two  liquids  in  the  mixture  in  the 
still  W,  and  W.^,  the  relative  weights  in  the  dis- 
tillate a,-,  and  x.,  and  the  vapour  pressures  of  the 
pure  substances  at  the  boiling-point  of  the 
mixture  P,  and  P.^,  the  following  relation  was 
found  to  be  not  very  far  from  correct 

X.,   W.,  ■  P,' 

p 

but  by  substituting  a  constant  for  the  ratio  — ' 

,T  W 

closer  agreement  was  obtained,  thus '-!  =  —'  .  C. 

X,  W., 


The  cases  of  fractional  distillation  which  we 
have  most  commonly  to  deal  with  are  those  in 
which  the  separation  of  two  or  more  liquids 
which  are  miscible  in  all  proportions  is  to  be 
effected,  and  it  generally  happens  that  the  boil- 
ing-point of  the  mixture  rises  continuously  during 
distillation.  The  ease  with  which  the  separation 
of  any  two  such  substances  is  effected  by  dis- 
tillation depends  chiefly  on  two  points  :  (1)  The 
divergence  of  the  boiling-points  ;  (2)  the  influence 
of  successive  additions  of  one  component  on  the 
boiling-point  (or  vapour  x^ressure)  of  the  other. 
The  second  point  has  been  carefully  studied  by 
Konowalow  (I.e.),  and  the  curves  for  mixtures  of 
ethyl  alcohol  and  of  acetic  acid  with  water  are 
very  instructive.  In  the  case  of  alcohol  at  79-66° 
the  curve  shows  that  the  addition  of  small  quan- 
tities of  alcohol  to  water  raises  the  vapour  pres- 
sure of  the  mixture  very  rapidly,  but  the  addition 
of  small  quantities  of  water  to  pure  alcohol  has 
very  little  eifect  on  the  vapour  pressure.  With 
acetic  acid  the  results  are  precisely  the  reverse. 
An  examination  of  the  curves  shows  that  the 
effect  of  admixture  on  the  boiling-points  must  be 
very  similar  to  that  on  the  vapour  pressures,  and 
the  results  obtained  in  practice  are  in  perfect  ac- 
cordance with  those  deducible  from  Konowalow's 
curves.  It  is  well  known  that  when  a  mixture 
of  alcohol  and  water  is  distilled  the  first  portions 
of  the  distillate  are  rich  in  alcohol,  but  always 
contain  some  water,  and  it  is  impossible  to  obtain 
perfectly  anhydrous  alcohol  by  fractional  dis- 
tillation (Le  Bel,  I.e.)  ;  but  it  is  quite  easy  to 
obtain  pure  water  from  a  mixture  of  that  sub- 
stance with  a  little  alcohol.  Again,  pure  acetic 
acid  may  be  obtained  by  distillation  of  its  con- 
centrated aqueous  solution,  but  pure  water  can- 
not be  separated  without  considerable  difficulty 
from  a  dilute  solution  of  acetic  acid. 

It  is  clear  that  the  preparation  of  even  ap- 
jjroximately  anhydrous  alcohol  from  the  dilute 
a(pieous  solution  or  from  the  fermented  worts 
from  which  it  is  obtained  on  the  large  scale 
would  be  a  very  slow  process  if  the  ordinary 
methods  of  distillation  were  adopted,  and  various 
contrivances  have  been  devised  to  increase  the 
efficiency  of  the  iDrocess  in  this  and  in  other 
cases. 

As  a  matter  of  fact  most  of  the  improvements 
in  the  methods  of  distillation  were  employed  in 
commerce  before  they  were  introduced  into  the 
laboratory,  but  it  may  be  more  convenient  to 
describe  those  used  in  the  laboratory  first. 

The  modified  forms  of  ajsparatus  may  be 
divided  into  three  classes.  In  the  first,  the  still- 
head  or  vertical  tube  through  which  the  vapour 
passes  from  the  still  to  the  condenser  is  consider- 
ably elongated  or  is  expanded  into  a  series  of 
bulbs,  in  order  that  the  vapour  may  be  partially 
condensed  and  some  of  the  less  volatile  consti- 
tuents removed  before  it  reaches  the  condenser. 
In  the  second  class  the  still-head  is  further 
modified  in  such  a  manner  that  the  vapour  has 
to  force  its  way  through  several  short  columns 
of  the  condensed  liquid ;  this  process  is  termed 
'  dephlegmation,'  but  the  term  is  sometimes 
applied  to  processes  coming  under  class  I.  In  the 
third  class  the  still-head  is  not  greatly  modified 
in  form,  but  is  elongated,  and  is  kei5t  at  a  con- 
stant temperature  as  near  as  possible  to  that  of 
the  lowest  boiling  constituent  of  the  mixture. 
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The  employment  of  an  elongated  still-head  pro- 
\ided  with  a  series  of  bulbs  (fig.  7)  was  first 
suggested  by  Wurtz  ;  it  gives  better  results  than 
the  plain  distillation  bulb,  but  is  generally  in- 
ferior to  the  modified  still-heads  coming  under 
classes  II.  and  III. 

The  '  dephlegmator  '  has  long  been  employed 
in  the  arts ;  its  adoption  in  the  laboratory  seems 


Fig.  7. 


Fig.  8. 


Fig.  9. 


to  have  been  first  proposed  by  Linnemann  in 
1871  (A.  160,  195).  The"  form  of  apparatus 
devised  by  Linnemann  is  shown  in  fig.  8. 
Various  improvements  have  been  suggested  by 
Le  Bel  and  Henninger  (fig.  9)  (B.  7,  1084)  and  by 
Glinsky  (fig.  10)  (A.  Ch.  175,  381).  The  employ- 
ment of  an  upright  tube  constricted  near  the 
bottom  and  containing  glass  beads  was  recom- 


Fio.  10. 


Fio.  11. 


mended  by  Hempel  (Fr.  20,  502).  Lastly,  an 
easily  constructed  form  of  dephlegmator  (fig.  11) 
has  been  described  by  F.  D.  Brown  (C.  J.  1880, 
49). 

The  employment  of  an  elongated  spiral  still - 
head  kept  at  a  constant  temperature  was  first 
recommended  by  Warren  (A.  Suppl.  4,  51).  The 
spn-al  stiU-head  was  heated  in  an  air-bath.  A 
modification  of  this  apparatus,  de\ised  with  a 
view  to  the  better  control  of  the  temperature  of 
the  still-head,  IS  described  by  F.D.Brown  (fig  12) 


(C.  .J.  1880,  57) ;  v.  also  "Warren  de  la  Eue  (Fr. 
4,  243).  An  apparatus  devised  by  Winssinger 
(B.  IG,  2G40)  cannot  very  well  be  classified  with 
the  others.  The  vapours  in  the  vertical  still- 
head  are  partially  cooled  by  a  regulated  current 
of  water  tlowing  through  a  double  tube  placed  in 
the  head  and  reaching  as  far  as  the  distillation 
flask ;  they  then  pass  by  a  side  tube,  which  is 
extended  vertically  to  admit  a  thermometer, 
into  the  condenser  (v.  also  Eempel,  C.  Z.  10, 
371). 

Experiments  to  test  the  relative  efficiency  of 
these  various  forms  of  apparatus  have  been  made 
by  Kreis,  A.  224,  269  ;  Claudon,  Bl.  42,  CIS ; 
Brown,  C.  .1.  1880,  49. 

Kreis  finds  that  for  substances  boiling  at 
moderate  temperatures  the  dephlegmators  of 
Linnemann  and  of  Hempel  give  the  best  results, 
and  he  recommends  the  latter  on  account  of  its 
simplicity.  With  high  boiling  substances  the 
apparatus'  of  Wurtz  (sealed  to  the  distillation 
flask)  was  most  satisfactory.  Kreis  did  not  try 
any  modification  of  Warren's  apparatus. 
Claudon  prefers  the  apparatus  of  Le  15el  and 
Henninger  to  that  of  Winssinger. 

Brown  shows  that  the  dephlegmator  is 
much  superior  to  a  plain  cooling  tube  of 
the  same  dimensions,  but  that  a  still-hcad 
of  constant  temperature  gives  still  better 
results  (v.  also  Lunge,  C.  Z.  50,  89G  ;  D.  P.  J. 
264,  70). 

When  two  or  more  liquids  are  to  be  separated 
by  fractional  distillation,  the  mixture  is  placed 
in  a  distillation  flask,  preferably  provided  with  a 
Wurtz's  still-head  or  dephlegmator,  and  boiled, 
the  temperature  being  read  as  soon  as  the  vapour 
reaches  the  condenser.  The  distillation  is  allowed 
to  proceed  until  the  temperature  has  risen 
through  a  certain  interval,  depending  on  the 
nature  of  the  mixture,  when  the  receiver  is 
removed  and  a  fresh  one  substituted.  After  a 
further  rise  of  temperature  to  the  same  or  a  con- 
venient extent  the  receiver  is  again  changed,  and 
this  process  is  continued  until  the  whole  of  the 
liquid  has  passed  over.  The  apparatus  is  then 
cleaned,  and  the  fractions  obtained  from  the  first 
operation  are  sei5arately  distilled,  but  the  pro- 
cedure followed  by  difl'erent  chemists  is  not  al- 
ways identical.  Probably  the  best,  and  un- 
doubtedly the  most  systematic,  jjlan  is  to  begin 
with  the  first  fraction  and  to  proceed  with  its 
distillation,  collecting  the  new  distillate  again  in 
the  first  receiver,  until  the  temperature  has  risen 
to  the  point  at  which  the  first  change  of  receiver 
was  made.  The  distillate  in  the  second  receiver 
is  then  to  be  added  to  the  residue  in  the  flask 
and  the  distillation  proceeded  with,  the  first 
receiver  being  left  in  position  until  the  tem- 
perature has  again  reached  the  point  at 
which  the  first  change  was  made.  The  second 
receiver  is  then  to  be  substituted  for  the 
first,  and  the  distillation  continued  until  the 
temperature  has  risen  through  the  second  in- 
terval. The  third  fraction  is  then  to  be  placed 
in  the  flask  and  the  process  repeated  as  be- 
fore. 

An  example,  taken  from  Kreis's  paper,  may 
make  the  process  clearer.  The  mixture  consisted 
of  25  grams  of  benzene  and  25  grams  of  toluene, 
and  the  intervals  of  temperature  were  in  all  cases 
3°.    The  progress  of  the  separation  is  clearly 
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shown  by  the  table  in  -which  the  results  of  six 
complete  fractionations  are  given  : 


Temperature 

Volume  of  distillate  in  cubic  centimetres 

1. 

11. 

TTT 
ill. 

J.  V  . 

^• 

VT 
VI. 

81-84 

1-0 

90 

17'0 

19-5 

21-5 

22-0 

8i-87  ', 

10-0 

9-5 

7-0 

5-5 

4-5 

3-5 

87-90  • 

145 

8-5 

4-5 

4-0 

3-0 

2-0 

90.93 

8-0 

5-0 

3-5 

2-5 

1-5 

1-5 

93-9G  , 

6-0 

3-5 

3-0 

2-0 

2-0 

1-0 

96-99 

5-5 

3-5 

2-0 

2-5 

1-5 

1-0 

99-102  . 

2-5 

2-5 

2-5 

1-5 

1-5 

lu 

102-105  . 

3  5 

4-0 

2-5 

2-0 

1-5 

1-0 

105-108  . 

3-5 

3-5 

2"5 

1-5 

1-5 

1-5 

108-111  . 

3-5 

7-5 

10-5 

13-0 

U-5 

IC'O 

As  the  fractionation  of  a  mixture  of  liquids 
proceeds  it  is  found  that  the  distillates  for  cer- 
tain intervals  of  temperature  accumulate  greatly, 
while  those  for  others  become  very  small ;  it  is 
then  generally  advisable  to  narrow  the  intervals 
of  temperature  for  the  larger  portions  and  to 
extend  those  for  the  smaller,  and  as  the  purity 
of  those  large  fractions  increases  the  correspond- 
ing temperature  intervals  may  be  made  smaller 
and  smaller,  until  finally  constant  boiling  frac- 
tions are  obtained  {v.  Meudelejeff,  Journ.  Kuss. 
Phys.  Chem.  Soc.  Protok.  1883,  189).  For  sub- 
stances insoluble  in  water  fractional  distillation 
with  steam  sometimes  gives  good  results  (Lazarus, 
B.  18,  577). 

As  many  of  the  stills  used  in  the  arts  are 
described  under  the  headings  '  Alcohol,' '  Ben- 
zene,' '  Paraffin,'  Ac,  it  will  be  unnecessary  here 
to  give  a  minute  description  of  all  of  them,  but 
an  account  of  the  princi])les  underlying  the  dif- 
ferent methods  will  not  be  out  of  place. 

The  still  is  usually  made  of  copper  or  some 
other  metal,  and  may  be  heated  by  the  free  flame 
of  a  furnace  or  by  steam.    Pig.  13  shows  an 


Fig.  13. 

arrangement  for  heating  a  still  with  steam,  which 
may  be  above  the  atmospheric  pressure. 

When  only  a  rough  separation  of  the  consti- 
tuents of  a  complex  mixture  is  required,  as  in 
the  preliminary  distillation  of  coal  tar,  dephleg- 
mators  or  rectifiers  are  not  employed,  but  the 
vapours  pass  directly  from  the  still  to  the  con- 
denser. 

For  the  better  separation  of  the  components 
of  a  mixture,  modified  still-heads  are  employed. 


A  simple  apparatus,  devised  by  Mansfeld  for  the 
distillation  of  tar  oils,  is  shown  in  fig.  14  ;  the 
vapours  are  partially  condensed  in  the  still-head  a, 


Fig.  14. 

which  is  cooled  by  water,  and  the  condensed 
liquid  flows  back  into  the  still  b,  the  purified 
vapour  passing  on  to  the  condenser  c. 

A  more  perfect  separation  is  effected  by 
Coui^ier's  apparatus  (lig.  15).   In  addition  to  the 


column  A,  there  is  a  series  of  bulbs  bd  placed  in 
a  cistern  containing  brine,  which  may  be  heated 
by  steam  by  means  of  the  pipe  c.  The  vapour— 
of  benzene,  for  example— partially  freed  from 


less  volatile  substances  in  the  column,  is  further 
purified  by  partial  condensation  in  the  bulbs,  the 
condensed  liquid  flowing  back  by  the  tubes  dd 
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into  the  column,  while  the  purified  vapour  passes 
on  to  the  condenser  by  the  pipe  e. 

Another  form  of  partial  condenser  is  shown 
in  fig.  16.  Other  improvements  have  been  de- 
vised in  the  apparatus  required  for  the  distilla- 
tion of  coal-tar  products,  but  it  is  chiefly  in 
connection  with  the  distillation  and  rectification 


of  alcohol  that  the  most  notable  advances  have 
been  made,  and  it  is  now  possible  to  obtain 
alcohol  of  95  p.c.  in  a  single  distillation  from 
worts. 

One  of  the  earlier  forms  of  apparatus  is  that 
of  Pistorius  (fig.  17).  The  wort  is  run  from  the 
pipe  a  into  the  heater  a,  thence  by  the  pipe  hb 
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into  B,  and  finally  into  c  through  the  pipe  c  ; 
A  and  B  are  then  filled  with  wort.  The  still  c 
is  heated  either  by  a  furnace,  as  shown  in  the 
diagram,  or  by  steam,  the  wort  being  constantly 
stirred  by  a  chain.  The  weak  alcoholic  vapours 
pass  through  the  pipe  d  into  the  second  heater  b, 
where  they  condense  and  heat  the  wort  to  the 
boiling-point,  the  waste  heat  from  the  furnace 
being  also  utilised.  The  stronger  vapours  from  b 
now  pass  by  the  pipe  ee'  into  the  outer  chamber 
of  A  (where  more  weak  alcohol  is  condensed,  and 
flows  back  into  b  by  the  pipe  d)  then  up  through 
the  narrow  passage  ff  into  the  dephlegmator  g, 
shown  on  an  enlarged  scale  in  fig.  18.  After 
passing  through  two  or  more  of  these  dephleg- 
mators  the  strong  alcoholic  vapour  reaches  the 
condenser  by  the  isipe  n. 

For  rectifying  the  spirit  a  still,  known  as  the 
French  column  apparatus,  may  be  used  (fig.  19). 
The  weak  spirit  is  heated  by  a  steam  coil  in  a  ;  the 
vapour  is  partially  concentrated  in  the  rectifier 
B,  the  construction  of  which  is  shown  in  fig.  20  ; 
it  is  then  further  freed  from  water  in  the  con- 
densing apparatus  c,  and  finally  reaches  the 
condenser  d. 

In  England  the  Cofley  still  is  largely  used ; 
it  differs  considerably  from  tliose  described,  in- 
asmuch as  there  is  no  large  boiler,  and  the  lieat 


is  supplied,  not  from  an  outer  fire  or  steam 
jacket,  but  by  the  condensation  of  steam  in  the 
wort ;  moreover,  the  process  is  continuous.  Tiie 


Fig.  18. 

essential  parts  of  the  apparatus  are  shown  in 
fig.  21.  The  wort  is  pumped  from  a  reservoir  a 
up  the  pipe  b,  and  passes  down  the  zigzag  pipe 
cc,  where  it  is  heated  by  the  ascending  vapours. 
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then  up  the  pipe  d,  from  which  it  is  discharged 
into  the  column  e.    It  is  prevented  from  falling 


Fia  19. 

through  the  perforated  plates  of  the  column  or 
analyser  by  the  ascending  vapours,  but  falls 


^  t  ^ 


through  the  pipes  ff  from  one  plate  to  another 
until  it  reaches  the  bottom,  when  it  is  allowed 
to  escape.  Meanwhile,  steam 
is  passed  into  the  analyser  e 
by  the  pipe  h,  and  causes 
the  wort  to  boil,  so  that  by 
the  time  it  has  reached  the 
bottom  it  is  completely  de- 
prived of  alcohol.  The  as- 
cending vapours  force  their 
way  through  the  perforated 
plates  of  the  analyser,  a 
portion  of  the  aqueous  va- 
pour being  condensed  by 
each  washing,  and  the  de- 
scending wort  being  thereby 
heated.  On  reaching  the 
top  of  the  column  the  con- 
centrated alcoholic  vapour 
passes  down  the  pipe  k  into 
the  rectifier,  and  there  as- 
cends through  similar  per- 
forated plates  ;  but  in  the 
rectifier  it  is  not  washed  by 
wort,  but  by  the  weak  alco- 
hol formed  by  the  previous 
vaj^our. 


Fig.  20. 

condensation  of 
This  dilute  alcohol,  on  reaching  the 


Fig.  21. 


bottom  of  the  rectifier,  flows  off  into  a  reser- 
voir, from  which  it  is  i^umped  into  the  top  of 
the  analyser,  where  it  mixes  with  the  descending 
wort.  In  the  upper  part  of  the  rectifier  there 
are  simply  shelves,  which  compel  the  vapour  to 
take  the  same  zigzag  course  as  the  pipe  which 
conveys  the  wort  downwards.  The  purified  and 
concentrated  vapour  then  passes  through  the 
pipe  L  to  the  condenser. 

A  great  variety  of  stills  are  employed  for  the 
distillation  of  alcohol  and  other  liquids,  but  the 
principles  on  which  they  are  constructed  are 
identical  with  those  described,  S.  Y. 


DITA  BARK.    Satwecn  (Ph.  J.  Trans.  [3]  7, 

110).  Ahtunia  scholaris,  Ecliites  scJiolaris. 
The  bark  of  Echitcs  scholaris,  a  tree  found  in 
India,  the  Philippines,  Eastern  Australia,  and 
tropical  Africa  (B.  11,  223-1). 

According  to  Harnack  (B.  11,  2004  ;  C.  J.  [2] 
36,  332),  it  contains  only  one  base,  dita'inc,  a 
basic  glucoside,  having  the  composition 
C.„H,„N„Oj,  but  Hesse  (A.  203,  144  ;  B.  13, 1750  ; 
Ph.  [3]  11,  251,  331)  finds  in  it  three  bodies, 
ditaviinc,  C|,.H|,|NO._, ;  cchitamine  (echitammo- 
nium  hydroxide),  C.„H,,N.Oj  +  H.,0,  melting  with 
decomposition  at  2JG°;  this  base  is  identical  with 
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Harnack's  dila'ine ;  and  ccldtenine  C.j,H.j.NO|, 
a  brown  amorphous  mass,  melting  above  120°, 
soluble  in  chloroform,  alcohol,  and  ether.  It 
dissolves  in  nitric  acid  wth  the  production  of  a 
purple-red  colour  which  quickly  passes  through  \ 
green  into  yellow.  1 

The  milky  juice  of  this  tree  has  the  same 
properties  as  gutta  percha  ;  when  inspissated  it 
softens  in  boiling  water,  is  soluble  in  turpentine 
and  chloroform,  and  receives  and  I'etains  impres-  i 
sions.  The  bark  is  thick  and  spongy  (Oudaatze, 
Ph.  [3]  13,  818).  A  decoction  of  "the  bark  is 
used  as  an  astringent  tonic. 

DITAINE   t'.    DiTA    bark;    also  Vegeto- 

ALKALOIDS.  j 

DIVI-DIVI.     The  astringent  seed-pods  of 
Casalpinia  coriaria,  a  tree  of  twenty  or  thirty 
feet  high,  indigenous  to  the  West  Indies,  Mexico,  • 
Venezuela,  and  Brazil.    The  pods  are  about  two  ^ 
inches  long,  and  three-fourths  of  an  inch  wide, 
flattened,  and  curiously  curved,  somewhat  after  ' 
the  form  of  the  letter  S.    By  reason  of  the  large 
quantity  of  tannin  and  ready-formed  gallic  acid 
contained  in  the  husks  they  are  largely  imported  i 
for  the  preparation  of  leather,  principally  from 
Maracaibo,  Paraiba,  and  St.  Domingo.    The  ma- 
terial is  also  known  as  libi-divi  and  libi- 
dibi  V.  Leatheii. 

DOCIMACY  or  DOCIMASY.  {Docimasie,  Fr.) 
Originally  the  act  or  art  of  examining  by  test 
(^011/j.aa'ia,  a  test)  applied  in  metallurgy  to  ex- 
periments made  to  determine  the  nature  and 
purity  of  a  metal ;  in  pharmacy,  to  the  testing  of 
medicines  and  poisons ;  in  medical  jurispru- 
dence, to  the  different  proofs  to  which  the  lungs 
of  a  new-born  child  are  subjected,  for  the 
purpose  of  ascertaining  whether  it  was  born 
alive  or  dead  (Dunglison).  Usually  emploj'ed  as 
synonymous  with  assaying. 

DODECATOIC  ACIDS  v.  Fatty  acids. 

DOEGLING  TRAIN  OIL  v.  Oils. 

DOG-TOOTH  SPAR.  The  scalenohedral  form 
of  calcspar  v.  Calcium. 

DOLOMITE.  A  native  carbonate  of  calcium 
and  magnesium,  named  after  Dolomieu,  a  French 
geologist  of  the  last  century.  The  mineral  in 
its  typical  form  contains  equal  molecules  of  the 
two  carbonates,  corresponding  to  54'34  p.c.  of 
CaCOj,  and  45-66  p.c.  of  MgCO^.  This  variety 
is  sometimes  termed  normal  dolomite.  Eam- 
nielsberg  recognises  two  other  varieties,  occur- 
ring less  frequently  than  the  normal  type,  and 
containing  respectively  SCaCOj,  '2MgC03  and 
aCaCOa,  MgCO;|.  But  as  the  two  carbonates  are 
isomorphous,  they  occur  associated  in  very 
variable  proj)ortions,  and  many  of  the  massive 
dolomites  are  merely  limestones  more  or  less 
magnesian.  It  was  maintained  by  Karsten  and 
others  that  when  dolomite  contained  more 
CaCOj  than  the  normal  proportion,  the  excess 
might  be  dissolved  out  by  cold  acetic  acid, 
leaving  a  dolomite  of  normal  composition. 
Haushofer  has  shown,  however,  that  the  action 
of  acetic  acid  cannot  effect  such  a  separation ; 
at  the  same  time  he  asserts  that  dolomite  is  not 
a  true  double  salt,  or  homogeneous  chemical 
compound  (Sitzb.  math.-phys.  CI.  d.  bair.  Ak. 
Miinclien,  1881,  Heft  11,  220). 

Dolomite  crystallises  in  the  rhombohedral 
system;  and,  unlike  calcite,  it  commonly  as- 
sumes the  primitive  rhombohedron  (IOG°  15') : 


the  forms  are  remarkable  for  presenting  curved 
faces  ;  while  lenticular  and  saddle-shaped  crys- 
tals are  not  unusual.  Dolomite  is  slightly  harder 
and  denser  than  calcite  ;  its  H.  being  3-5-4"5, 
and  its  sp.gr.  2-85 -2-95.  Its  lustre  is  often 
nacreous,  especially  in  those  varieties  which 
contain  a  small  proportion  of  FeCO,,  whence 
they  are  known  aspcYirZ  spar.  If  the  proportion 
of  FeCOj  increases,  the  mineral  assumes,  on 
weathering,  a  brownish  tint,  and  is  sometimes 
termed  brown  spar.  MnCO^  is  often  present  to 
a  slight  extent,  and  imparts  a  faint  pink  tinge. 
Most  varieties  of  dolomite  show  little  or  no 
effervescence  with  cold  hydrochloric  acid,  but 
when  powdered  readily  dissolve  in  the  warm 
acid.  Dolomite  is  soluble  in  water  containing 
carbonic  acid.  The  analyses  of  some  of  the 
dolomite  springs  in  the  Franconian  Jura,  by 
Gorup-Besanez,  lead  to  the  conclusion  that 
natural  waters  acting  on  a  normal  dolomite  may 
dissolve  it,  and  re-deposit  the  mineral  without 
decomposition.  According  to  Bischof's  experi- 
ments, the  action  of  carbonated  \yater  on  an  im- 
perfect dolomite,  or  dolomitic  limestone,  is  to 
dissolve  out  the  CaCO^ ;  the  rock  becoming  rela- 
tively richer  in  MgCO.,  until  a  true  dolomite  is 
left ;  such  a  result,  however,  was  not  obtained 
by  Gorup-Besanez  (A.  8,  Suppl.  1871,  230). 

Some  of  the  finest  crystals  of  dolomite  occur 
at  Traversella  in  Piedmont ;  while  in  this 
country  the  best  examples  are  obtained  from 
the  Laxey  Mine,  in  the  Isle  of  Man,  from  Derby- 
shire, Alston  Moor,  and  Leadhills,  in  Lanark- 
shire. A  variety  of  asjjaragus-green  coloui-, 
from  Miemo,  in  Tuscany,  is  termed  Micinitc;  it 
contains,  according  to  Kammelsberg,  57'91  p.c. 
of  CaC03,  38  97  of  MgCO^,  1-74  of  FeCO^, 
and  0-57  of  MnCOj.  A  compact  snow-white 
variety  from  Gurhof,  in  Lower  Austria,  has 
been  distinguished  as  Gurlwfitc. 

Dolomite  occurs  not  only  as  a  mineral,  but 
as  a  rock.  Crypto-crystalline,  granular,  and 
compact  varieties  form  mountain-masses  of 
great  magnitude,  especially  in  the  Eastern  Alps, 
where  they  are  largely  developed  in  the  triassic 
series,  and  form  the  characteristic  jagged-peaked 
mountains  known  as  'the  Dolomites.'  Sterry 
Hunt  has  shown  that  a  large  proportion  of  the 
Canadian  limestones  should  be  classed  as  dolo- 
mites, and  even  where  the  rock  is  a  normal 
limestone  it  is  commonly  veined  with  dolomite, 
while  the  fossils  also  are  more  or  less  magnesian  ; 
this  is  notably  the  case  with  the  Trenton  lime- 
stone of  Ottawa,  belonging  to  the  Lower  Silurian 
formation. 

In  this  country  magnesian  limestone  is  deve- 
loped on  a  large  scale,  especially  in  the  Permian 
series,  corresponding  with  the  Zechstcin,  or 
Upper  Dyas,  of  German  geologists. 

The  outcrop  of  the  magnesian  limestone 
stretches,  from  the  mouth  of  the  Tyne,  through 
Durham  aud  Eastern  Yorkshire,  to  the  plain  of 
the  Trent  near  Nottingham.  Certain  beds  near 
Sunderland  are  remarkable  for  presenting  con- 
cretionary varieties,  \yhich  assume  globular  and 
botryoidal  forms,  with  a  radiating  structure, 
varying  in  size  from  a  marble  to  a  cannon-ball ; 
while  near  Marsden  there  occurs  a  laminated 
variety,  notable  for  yielding  thin  slabs  which 
display  flexibility.  The  massive  and  granular 
varieties  have  been  largely  quarried  for  ages  as 
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a  building-stone,  the  principal  quavries  being 
near  Anston,  in  Yorkshire,  IJolsover  in  Derby- 
shire, and  Mansfield  Woodhouse  in  Nottingham- 
shire. The  best  stone  is  of  a  warm  creamy 
tint,  easily  worked,  and  when  well  selected 
extremely  durable ;  the  most  durable  kind  being 
that  which  presents  a  crystalline  texture  and 
contains  the  two  carbonates  in  molecular  pro- 
portions, so  as  to  form  a  normal  dolomite. 
Southwell  Cathedral,  York  Minster,  and  Kipon 
Cathedral,  offer  good  examples  of  the  use  of 
this  stone ;  and  the  perfection  witli  which  the 
Norman  carving  at  Southwell  had  been  preserved 
led  to  the  selection  of  Bolsover  dolomite  as  the 
stone  for  the  New  Houses  of  Parliament.  Accord- 
ing to  Daniell,  who  analysed  the  Bolsover  stone 
for  the  Commissioners  a^jpointed  to  make  the 
selection,  it  contains  51-1  p.c.  of  CaCO.,,  40'2 
of  MgCO,,  1-8  of  Fe.O,,  and  AhO,,  3-f3  of  SiO,, 
and  3-3  of  H_,0,  &c.  While  this  stone  is,  under 
ordinary  circumstances,  very  durable,  so  large  a 
quantity  was  required  for  the  Houses  that  much 
of  it  was  of  inferior  quality,  and  has  not  proved 
satisfactory;  other  localities  than  those  origin- 
ally selected  were  laid  under  contribution,  and 
stone  was  thus  introduced  which  has  yielded  to 
the  disintegrating  influences  of  a  London  atmo- 
sphere. 

A  rock  known  as  dolomitic  conglomerate 
occurs  in  the  South-west  of  England  and  in 
South  Wales,  and  appears  to  be  an  old  beach 
deposit  of  Keuper  age.  It  consists  chiefly  of 
pebbles  and  angular  fragments  of  carboniferous 
limestone,  united  by  a  cement  more  or  less 
inagnesian  and  coloured  with  oxide  of  iron. 
The  rock  is  quarried  for  burning,  is  used  locally 
as  a  building  stone,  and  when  polished  forms  a 
handsome  marble. 

If  magnesian  limestone  be  calcined  below  a 
red  heat,  the  carbonate  of  magnesium  suffers 
decomposition  while  the  calcium  carbonate  is 
but  slightly  affected.  On  slaking  the  product, 
the  caustic  magnesia  forms  a  definite  hydrate, 
which  is  said  to  unite  with  the  unaltered  car- 
bonate of  calcium  to  produce  a  cement  that 
offers  considerable  resistance  to  the  action  of 
water.  Magnesian  limestone  if  argillaceous, 
though  only  to  a  small  extent,  has  the  reputa- 
tion of  forming  good  hydraulic  cement ;  but 
some  authorities  allege  that  after  a  time  the 
magnesian  cements  suffer  alteration  whereby 
their  durability  is  greatly  impaired.  If  dolo- 
mite be  perfectly  calcined,  the  product  may  be 
used  for  taking  casts,  since  it  '  sets  '  with  water, 
like  gypsum,  though  but  very  slowly. 

Calcined  dolomite  is  extensively  employed  as 
a  lining  for  the  converters  used  in  the  basic 
method  of  steel-manufacture,  invented  by 
Thomas  and  Gilchrist.  The  calcination  is 
effected  in  either  cupolas  or  regenerative  kilns. 
After  nine  hours'  burning,  the  stone,  though 
still  hard,  is  found  to  have  lost  about  half  its 
volume  and  half  its  weight.  This  '  shrunk  dolo- 
mite '  is  crushed,  mixed  with  gas-tar  as  a  vehicle, 
and  moulded  into  bricks,  which  are  then  heated 
until  the  tar  is  burnt  off,  when  they  are  ready 
for  use  in  the  converter. 

Dolomite  treated  with  sulphuric  acid  yields 
the  sulphates  of  calcium  and  magnesium,  the 
two  salts  being  readily  separated  by  the  greater 
solubility  of  tlie  latter ;  hence  magnesian  lime- 


stone has  been  largely  employed  as  a  .source  of 
Eijsom  salts. 

The  origin  of  dolomite  has  given  rise  to  much 
discussion,  and  probably  more  than  one  natural 
mode  of  formation  must  be  recognised.  While 
the  frequent  occurrence  of  dolomite  with  rock- 
salt  and  gypsum,  and  the  paucity  of  associated 
fossils,  suggest  that  it  has  been  formed  in  inland 
waters,  there  are  ditiiculties  in  the  way  of  ad-' 
mitting  its  formation  by  direct  precipitation.. 
Sterry  Hunt  suggests  that  Na._,CO,,  resulting 
from  the  decomposition  of  soda-bearing  minerals, 
like  certain  f  el  sizars,  might  be  carried  by  fresh 
waters  to  the  sea,  and  on  meeting  with  CaCl,,. 
and  MgCl,  decomposition  would  ensue,  with- 
formation  of  NaCl  and  CaCO,  and  MgCO^.  To^ 
account  for  the  association  of  dolomite  withi 
gypsum  he  assumes  a  reaction  between  CaCO.,- 
and  MgSO.,  whereby  CaSO^  and  MgCOs  would  be ; 
formed,  and  the  latter  might  associate  itself  with, 
fresh  CaCOj,  to  form  the  double  carbonate.  Most 
dolomite  seems,  however,  to  have  been  formed, 
by  the  alteration  of  limestone.  Water  holding 
carbonate  of  magnesium  in  solution  may  cause, 
the  doloraitisation  of  a  limestone  through  which 
it  happens  to  percolate.  The  replacement  of 
a  molecule  of  CaCO.j  by  one  of  MgCO.,,  so  as  to, 
form  a  dolomite,  is  accompanied  by  a  diminution 
of  volume  to  the  extent  of  12  or  13  p.c. ;  and  it 
is  characteristic  of  many  dolomites  to  possess 
a  cavernous  structure.  Elie  de  Beaumont  sug- 
gested that  this  is  due  to  the  shrinkage  con- 
sequent on  dolomitisation ;  while  Von  Morlot 
found  by  direct  observation  that  the  cavities  in 
such  a  rock  amounted  to  12-9  i^.c.  of  its  bulk. 
It  must  be  remembered  that  most  limestones  of 
organic  origin,  such  as  coral  limestones,  are  more 
or  less  magnesian,  and  Richthofen  and  others 
hold  that  many  of  the  Tyrolese  dolomites  are 
altered  coral-reefs.  It  was  formerly  supposed 
that  the  dolomites  of  Tyrol  were  limestones 
which  had  been  metamorphosed  by  heated  mag- 
nesian vapour  emitted  from  eruptive  rocks  ;  and 
Durocher  found  that  by  heating  fragments  of 
limestone  with  MgCl._,  they  became  partially  dolo- 
mitised.  It  is  much  more  probable,  however, 
that  the  alteration  has  been  effected  by  the 
magnesium  salts  in  sea-water.  V.  Chemisch- 
genetische  Beobachtungen  ii.  Dolomit,  by  C. 
Doelter  and  E.  Hoernes,  Jahrb.  d.  k.-k.  geolog. 
Eeichs.  25,  1875,  293  (containing  numerous 
analyses  of  dolomites  of  S.E.  Tyrol,  and  a 
copious  bibliography  of  dolomite).  V.  Calcium 
and  Magnesium.  F.  W.  R. 

DOMEYKIIE.  A  copper  arsenide  contain- 
ing Cu.|As,  corresponding  to  copper  71'7,  and 
arsenic  28"3  p.c.  It  occurs  in  renifomi,  botry- 
oidal,  and  compact  masses,  of  white  or  grey 
colour,  with  metallic  lustre,  rapidly  tarnishing. 
H.  =  3-3'5  ;  sp.gr.  7- 7'5.  Eeadily  fusible  before 
the  blowpipe,  with  emission  of  arsenical  vapours. 
Soluble  in  nitric  acid,  but  not  in  hydrochloric 
acid.  It  is  found  at  Coquimbo  and  Copiapo  in 
Chile,  at  Cerro  las  Paracatas  in  Mexico,  and  at 
Zwickau  in  Saxony.  The  following  are  analyses 
from  the  princii3al  localities  : 

I.        II.        III.  IV. 
Cu  .       .    71-G4    71-48    71-13  65-08 
As  .       .    28-36    28-26    28-41  26-45 
I.  From  Chile,  by  Domeyko,  after  whom  the 
species  is  named. 
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II.  From  Coquimbo,  Chile  (F.  Field). 

III.  From  Corocoro,  Bolivia  (D.  Forbes) ;  this 

contained  0-46  p.c.  Ag. 

IV.  From  Zwickau  (A.  Weisbacli) ;  tbiscontained 

0-G-l  Fe,  0-44  Ni,  2-49  0,  and  3-84  residue ; 
the  oxygen  indicates  partial  decompo- 
sition (J.  M.  1882,  2,  249). 
Several  other  arsenides  of  copper,  more  or 
less  like  domeykite,  are  known.  The  Ahjodonite 
of  F.  Field  contains  Cu„As,  and  occurs  at  the 
Algodones  Mine,  near  Coquimbo.  WhUncyite, 
from  Houghton  Co.,  Michigan,  U.S.,  described 
by  F.  Gonth,  contains  Cu„As ;  and  D.  Forbes's 
Danuinite,  named  after  Charles  Darwin,  is  a 
similar  mineral  from  near  Copiapo.  The  Con- 
durrite  of  Faraday,  from  Condurrow  Mine, 
Cornwall,  appears  to  be  a  mixture  of  arsenide 
of  copper  with  various  oxidised  products  derived 
from  the  alteration  of  tennanite  or  some  kindred 
species.  F.  W.  E. 

DOUBLE    SCARLET    v.    Azo-  coloueino 

MATTERS. 

DRAGON  S  BLOOD.  A  resin  used  as  a  red 
pigment  (v.  Pigjif.nts;  also  Resins). 

DROP  GUM,  or  GAMBOGE,  v.  Pigments. 

DRUMINE.  An  alkaloid  stated  to  be  present 
in  Euphorbia  Drummondii  (Ogston,  Brit.  Med. 
Jouvn.  1887,  451). 

DRYOB  ALAN  OPS  CAMPHOR  v.  Camphor. 

DULCAMARA.  Bittersweet,  Woodij  Night- 
sJiade.  {Douce  amere,  Fr. ;  Bittersiiss,  Ger.) 
The  young  branches  of  the  Solanwn  Dulcamara 
(Linn.),  a  climbing  jjlant  with  purple  flowers  and 
red  berries  inhabiting  the  British  Islands  and 
most  parts  of  Europe  (Woodville,  Med.  Bot.  33; 
Bentl.  a.  T.  190).  The  drug  appears  to  be  going 
out  of  use ;  but  in  the  form  of  decoction  it  is 
sometimes  administered  as  a  remedy  in  rheuma- 
tism and  certain  skin  diseases. 

The  investigations  of  Pfaff  (Mat.  Med.  6,  50G), 
Desfosses  (J.  Ph.  6,  414),  Pelletier  (J.  Ph.  6,416), 
and  others  went  to  show  that  bittersweet  con- 
tained a  glucoside  '  dulcamarin,'  '  picroglycion,' 
or  '  dulcarin,'  and  also  a  compound  believed  to 
be  the  alkaloid  '  solanine  '  [cf.  Meissonier,  A.  1, 
368).  Continuing  an  inquiry  of  Wittstein's 
(Vierteljahrs.  pr.  Pharm.  1,  364,  495),  Geissler 
has  shown  (Ar.  Ph.  [3]  6,  1010)  that  dulca- 
mara contains  a  definite  compound  dulcamarin 
Co.,H.,,0,|„  together  with  a  substance  resembling 
solanine,  which,  however,  does  not  yield  sugar 
whenheated  with  dilute  acids.  Thedulcamarin  of 
Geissler  is  a  slightly  yellow,  inodorous,  amorphous 
powder  having  a  strong  bitter  taste,  followed  by 
sweetness.  It  is  soluble  in  water  and  alcohol,  but 
insoluble  in  ether,  chloroform,  and  benzene.  It 
forms  a  lead  salt  C,,H3,PbO|o6H,0.  With  dilute 
sulphuric  acid  it  breaks  down  into  glucose  and 
dulcamaretin  C„,H,,0,;  thus  C,,,H3,0,„  +  2H.,0 
=  C|  .H„,.0„  -f  C,.H|20^.  Dulcamaretin  is  resinous, 
and  forms  the  lead  salt  C,„H,,,PbO„.        A.  S. 

DULCITOL.  Dulcin,  Dulcosc,  Melampyrite, 
Mclamprjrin.  Ahcxatomic alcohol,  C^H^  i  i  (6h)„. 

Occurrence. — Found  in  a  manna  or  crude 
preparation  from  a  bulbous  root  of  unknown 
origin  from  Madagascar  (Laurent,  Compt.  Chim. 
1850,  364 ;  1851,  29.  Jacquelain,  ibid.  1851, 
21),  in  Scrophularia  nodosa  and  Bhinanthus 
Crista  gain  (Eichler,  Ueb.  d.  Melampyrin, 
Moscow,  1885) ;  in  Mclampyrum  ncmoroswn 


(Hiinefeld,  J.  p.  Chem.  4,  233;  Gilmer,  Ann. 
Chem.  Pharm.  123,  372) ;  in  Etionymus  etiropcea 
(Kubel,  J.  p.  Chem.  85,  372),  and  in  dulcite 
manna  (Hecht,  Ann.  Chem.  165,  148). 

Formation. — By  the  action  of  nascent  hydro- 
gen (sodium  amalgam)  on  lactose  or  galactose, 
and  no  doubt  by  that  of  the  same  reagent  on 
all  galactose-yielding  bodies,  Bouchardat  (Ann. 
Chim.  [4J  27,  79 ;  C.  E.  73,  199  ;  74,  065,  and 
1406  ;  Bl.  [2]  18,  115). 

Preparation. — Dulcitol  is  prepared  from  the 
Madagascar  material  by  extracting  with  boiling 
water  and  allowing  the  filtrate  to  crystallise. 
To  prepare  it  from  the  plants  above  mentioned 
they  are  gathered  at  a  suitable  time  and  dried. 
A  decoction  is  made  of  them,  rendered  alkaline 
with  milk  of  lime,  boiled,  filtered,  concentrated, 
and  acidified  with  hydrochloric  acid.  Dulcitol 
crystallises  out  on  cooling.  Or,  an  extract  is  made 
of  the  dried  plants  with  dilute  hydrochloric  acid. 
This  is  strained  and  rendered  slightly  alkaline 
with  milk  of  lime  and  concentrated ;  calcium 
succinate  crystallises  out  and  is  separated  by  fil- 
tration. The  filtrate  contains  the  calcium  com- 
pound of  dulcitol ;  on  slight  concentration  and 
addition  of  hydrochloric  acid,  crystals  of  the 
body  are  deposited  which  may  be  purified  by 
recrystallisation  (Eichler),  or  the  decoction  is 
precipitated  with  lead  acetate,  the  filtrate  di- 
gested with  lead  oxide,  the  excess  of  lead  is 
removed  from  the  solution  by  hydrogen  sul- 
phide. The  filtrate  on  concentration  yields  a  full 
crop  of  crystals.  The  decoction  of  the  dried 
plants  on  evaporation  to  a  syrup  deposits  dul- 
citol (Hiinefeld),  and  he  obtains  a  further  yield 
by  treating  the  mother  liquors  with  lead  acetate 
and  sub-acetate  removing  excess  of  lead  from 
the  filtrate  by  hydrogen  sulphide  and  concentra- 
ting. Dulcite  manna  is  extracted  with  boiling 
alcohol ;  dulcitol  crystallises  from  the  solution 
filtered  hot.  The  manna  yields  72  p.c.  dulcitol 
(Hecht). 

To  an  aqueous  solution  of  lactose,  galactose, 
or  inverted  lactose,  sodium  amalgam,  containing 
about  2  p.c.  sodium,  is  gradually  added,  the 
soda  produced  being  from  time  to  time  neutral- 
ised with  sulphuric  acid.  When  hydrogen  is 
evolved  in  large  quantities  instead  of  being 
taken  up,  the  alkali  is  carefully  neutralised  with 
sulphuric  acid  and  the  sodium  sulphate  allowed 
to  crystallise  out.  This  is  removed,  and  the 
filtrate  concentrated,  when  more  sodium  sul- 
phate crystallises ;  a  further  quantity  can  be 
separated  by  strong  alcohol.  From  the  concen- 
trated solution  dulcitol  separates  in  small,  crys- 
talline, warty  groups,  which  can  be  purified  by 
draining  and  recrystallising  from  water  (Bou- 
chardat). 

Properties. — Dulcitol  crystallises  in  colour- 
less, highly  lustrous  monoclinic  prisms  with 
octahedral  summits.  The  body  from  the  Ma- 
dagascar source,  that  obtained  from  Mclampy- 
rum iiemorosum,  and  that  produced  by  the 
action  of  sodium  amalgam  on  galactose,  crystal- 
lise in  forms  which  yield  practically  the  same 
measurement.  The  crystalline  habitus  of  the 
body  is  that  of  aggregated  crusts  ;  separate  crys- 
tals with  well-defined  terminations  have  also 
been  observed.  The  crystals  are  gritty  between 
the  teeth  and  taste  very  faintly  sweet.  F.p.  186-188, 
but  the  authorities  differ  slightly.    One  part 
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dulcilol  dissolves  in  34-41  pcarts  water  at  16'5° 
(Erlenmeyer  and  Wanklyn,  J.  C.  15,  465).  It  is 
but  slightly  soluble  in  alcohol  even  at  a  boiling 
temperature,  and  acetone,  wood  spirit,  chloro- 
form, and  ether  dissolve  but  little  of  it.  It  is 
slightly,  if  at  all,  optically  active.  Its  solutions 
are  not  coloured  brown  by  potash,  nor  do  they 
reduce  alkaline  copper  solutions.  Nitric  acid 
oxidises  it  to  mucic  acid,  oxalic  and  racemic 
acids  are  also  produced  (Carlet,  C.  R.  51,  137  ; 
53,  343).  Saccliaromyces  forms  do  not  ferment 
it,  but  other  organisms  such  as  exist  in  cheese, 
and  may  grow  in  a  suitable  medium,  convert  it, 
in  presence  of  calcium  carbonate,  into  alcohol, 
lactic,  and  butyric  acids.  In  contact  with  tes- 
ticular tissue  it  yields  a  peculiar  sugar  (Berthelot, 
Ann.  Chim.  [3]  50,  348  and  372).  When  duloitol 
is  heated  at  140°  with  more  than  6  mols.  phos- 
phorus pentachloride  and  the  product  distilled 
in  steam,  a  slightly  yellowish  oil  C,jH,^Clj  is 
obtained  ;  this  when  heated  with  hydriodic  acid 
and  amorphous  phosphorus  gives  a  volatile 
hydrocarbon,  probably  hexane  (Bell,  B.  12, 
1271).  A  saturated  solution  containing  dulcitol 
and  borax  in  the  proportion  of  2  mols.  dulcitol 
to  1  mol.  borax  is  neutral,  but  if  the  proportion 
of  borax  is  less,  the  solution  is  strongly  acid, 
when  the  proportion  of  borax  is  greater  the  solu- 
tion is  alkaline  (dulcitol  being  neutral  and  borax 
slightly  alkaline).  A  solution  of  a  mixture  of 
dulcitol  and  sodium  paratungstate  has  an  acid 
reaction  after  boiling  (Klein,  C.  E.  99,  144). 

Dulcitol  sublimes  partially  on  careful  heating ; 
at  200°  it  gives  off  water,  and  is  converted  into 
dtdcitan,  at  275°  it  decomposes  with  evolution 
of  carbon  monoxide  and  without  much  colouring. 
"When  the  temperature  is  increased,  large  quanti- 
ties of  gas  are  given  off  with  the  odour  of  acetic 
acid  and  acetone,  and  without  leaving  a  residue. 

Solutions  of  salts  do  not  precipitate  dulcitol, 
but  compounds  with  the  bases  have  been  described. 

An  ammonia  compound  is  obtained  in  colour- 
less rectangular  prisms  by  decomposing  the  cal- 
cium or  barium  compound  of  dulcitol  with 
ammonium  carbonate  and  concentrating  the 
nitrate,  or  by  decomposing  nitro-duloitol  with 
ammonium  sulphide  and  concentrating. 

Sodium,  potassium,  and  calcium  compounds 
exist.  Barium  compound  C„H|,0,;.Ba0.7H.jO  is 
obtained  by  heating  molecular  proportions  of 
barium  hydroxide  and  dulcitol  in  strong  solution. 
On  cooling,  j^rismatic  crystals  of  this  composition 
are  deposited.  They  part  with  half  their  water 
over  sulphuric  acid. 

A  copper  compound  is  produced  as  a  light- 
blue  j)recipitate  when  an  ammoniacal  solution 
of  copper  sulphate  is  added  to  an  aqueous  solu- 
tion of  dulcitol. 

Neither  lead  acetate  nor  subacetatepreoipitate 
duloitol,  but  a  white  precipitate  is  throvpn  down 
with  an  ammoniacal  solution  of  acetate.  This 
is  an  unstable  lead  compound. 

Dulcitol  heated  with  hydriodic  acid  in  an 
atmosphere  of  carbon  dioxide  yields  hexyl-iodide, 
water,  and  iodine 

C,H, ,0,  +  nm  =  C,H,.,I  f  6H,0  +  101 
(Erlenmeyer  and  Wanklyn). 

Dulcitol  yields  two  nitro-derivatives,  viz.,  hexa- 
nitro-dulcitol  C,  HH(NO.,),.0,i,  and  a  tetra-nitro- 
dulcitol  C„H|„(N0,),05  (Btehamp,  C  E.  51,  257). 
These  bodies  appear  to  partake  rather  of  the 


character  of  nitrates  than  nitro-  compounds,  the 
former  being  dulcitol  hexanitrate  C^HJNO.,)^, 
and  the  latter  dulcitol  tetranitrate  C,;H|„0„(N03)^. 
The  hexanitrate  is  obtained  by  the  action  of 
fuming  nitric  and  sulphuric  acids  on  dulcitol. 
It  crystallises  from  alcohol  in  beautiful  colourless 
flexible  needles  which  melt  between  68°  and  72°, 
and  give  off  nitric  acid  vapours  continually, 
being  thereby  converted  into  the  tetranitrate. 
This  latter  is  soluble  in  alcohol,  from  which  it 
crystallises  in  translucent  prisms,m.p.  130°-140°, 
and  decomposed  at  145°. 

Dulcitol  forms  with  hydrochloric  acid  an 
unstable  hydrochloride  C,  H|,0„.HC1.3H,0.  Simi- 
lar hydro-bromides  and  hydro-iodides  exist ;  they 
are  rather  more  stable  bodies  (Bouchardat,  Ann. 
Chim.  [4]  27,  145). 

Dulcitol  yields  chloro-  and  bromo-  hydrins  as 
well  as  a  chloro-bromo-  body.  C^HijOiCh  crys- 
tallises in  tables  insoluble  in  water  ;  C|jH|._,0.,Br2 
and  C5H|.>0jBrCl  are  of  much  the  same 
nature.  The  con'esjjonding  dulcitan  bodies 
C„H,,0,,C1,  &c.,  exist.  When  these  bodies  are 
dissolved  in  fuming  nitric  or  sulphuric  acids 
the  corresponding  tetra-nitrates  are  formed,  as 
C,H„G1,(N03)^,  &c. 

With  sulphuric  acid  dulcitol  yields  a  conju- 
gate acid  the  barium  salt  of  which  is  soluble. 
Dulcitol  is  dissolved  in  strong  sulphuric  acid  and 
the  solution  neutralised  with  barium  carbonate. 
The  filtrate  from  the  barium  sulphate  can  be 
evaporated  in  a  vacuum  to  a  thick  syrup  which 
over  sulphuric  acid  dries  up  to  a  transparent 
gum.  The  composition  of  the  acid  is  probably 
C,.H,,0.i(SOjH).„  and  the  barium  salt  contains 
36-45  p.c.  Bad,  and  37-79  p.c.  SO3.  The  calcium 
salt  is  similar  to  the  barium  one.  Dulcitan  sul- 
phuric acid  is  formed  by  the  action  of  chloro- 
sulphonic  acid  on  dulcitol  (Claesson,  Sitzungsb. 
204,  15). 

With  the  acids  of  the  fatty  and  aromatic 
groups,  dulcitol  forms  a  number  of  neutral 
compound  ethers.  Some  of  these  are^ethers  of 
dulcitol  and  some  of  dulcitan  ;  for  example,  with 
acetic  acid  we  have  : 

Di-  accto-  dulcitol  aH„  /  (SS'i^^*^)^ 
"  '  I  (OH), 

crystalline  scales,  m.p.  176°,  converted  into 
acetic  acid  and  dulcitol  by  alkalis. 

(  :(0C,H,0)3 
J)i-  accto-  dulcitan  C^B.^  :(0H)„ 

I  :0 

a  thick  colourless  liquid,  soluble  in  water,  al- 
cohol, and  ether  [01,]=  +l-52°. 

Hexaceto-chdcifol  C,H3(0C,H,0)„.  Hard  crys- 
talline plates,  m.p.  171° ;  sublimes  at  200-2-i0°. 
The  product  for  a  time  differs  slightly  from  the 
original  body. 

Tetr-  aceto-  dulcitan  C.Hg  |  j^^^HaO)^ 

a  colourless  resin  which  sublimes  without  residue, 
[a„]=  4-6-52. 

Pent-  aceto-  monochloro-  dulcitol 


an  unstable  body  obtained  by  the  action  of  a 
mixture  of  acetic  and  hydrochloric  acids  on 
dulcitol.  When  heated  with  water  it  yields  hy- 
drochloric acid  and 

Pent-  accto-  dulcitol  C^Hg  ( (00^30)5 
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a  ci'j'stalline  body  converted  by  heating  for  a 
long  time  at  200°  into  an  aceto-dulcitan. 

A  like  series  of  bodies  is  obtained  by  acting 
on  dulcitol  with  benzoyl  chloride, 

Tetra-  benzo-  dulcitol  C^Hs 'j^  |oh)^^^^* 
is  a  resinous  precipitate  converted  into  tetra- 
benzo-dulcitan  by  heating  to  140°. 

Hexa-  bcnzo-  rf?(ici7oZ  C^Hs(0C;H50^)„ crystals 
insoluble  in  water  and  ether,  slightly  soluble  in 
alcohol,  m.p.  147°.  A  mixture  of  nitric  and  sul- 
phuric acids  converts  it  into  Hexa-  nitro-  benzo- 
dulcitol. 

With  phenyl  cyanate,  dulcitol  yields  dulcitol 
phenyl  carbamate  C^H^O  |  (^^^^■'^'-'•i-'^i)^'  jjj.j,. 

250-252°  {Tessmer,  B.  18,  971). 

When  the  diiierent  dulcitol  or  dulcitan  hy- 
drins  are  treated  with  ammonia,  dulcitol  amine 
is  produced.  This  is  strongly  basic ;  it  is  amor- 
phous. The  hydrochloride  crystallises  in  needles ; 
it  yields  a  crystalline  jslatinum  salt 

[C  H8(0H),.H,NHCl].J:'tCl^. 

O'S. 

DUMONT'S  BLUE.  Smalt  v.  Cobalt;  also 
Pigments. 

DUNGING-SALT.  Sodium  arsenate  v.  Ar- 
senic. 

DURENE  V.  Cymenes. 

DUTCH  BUTTER  v.  Maegaeene. 

DUTCH  PINK,  or  ITALIAN  PINK,  v.  Pig- 
ments. 

DUTCH  ULTRAMARINE.  Cobalt  blue  v. 
CoB^vLT  and  Pigments. 

DYEING.  The  art  of  dyeing  consists  in 
imisarting  colour  to  various  substances,  more 
especially  the  textile  fibres,  in  such  a  manner 
that  it  is  not  readily  removed  or  altered  by  those 
influences  to  which  the  dyed  ma'erial  is  subse- 
quently exposed.  Dyeing  differs  from  mere  stain- 
ing, in  that  the  colour  imparted  is  of  a  more 
permanent  character  by  reason  of  the  pigment 
being  more  intimately  united  with  the  material 
dyed ;  it  dift'ers  also  from  painting,  since  the 
colouring  matter  is  not  apphed  to  the  surface 
only,  but  penetrates  more  or  less  the  material 
dyed,  and  thus  leaves  its  structural  appearance 
unchanged  except  in  colour. 

The  methods  employed  in  dyeing  vary  ac- 
cording to  the  nature  of  the  fibre  or  other 
material  and  the  colouring  matter  employed. 
The  various  textile  fibres  show  remarkable  dif- 
ferences of  behaviour  towards  one  and  the  same 
colouring  matter.  Wool  and  silk,  and,  indeed, 
animal  substances  generally,  e.g.  horn,  feathers, 
Ac,  behave  somewhat  similarly  towards  colour- 
ing matters,  and  are  more  readily  dyed  than 
cotton  or  linen  and  most  other  vegetable  sub- 
stances. The  fundamental  cause  of  this  differ- 
ence is  not  yet  satisfactorily  explained,  and 
opinion  is  still  divided  on  the  question  of  the 
relative  importance  of  the  physical  structure  and 
the  chemical  composition  of  the  various  fibres. 

The  supporters  of  what  may  be  termed  the 
mechanical  them-y  of  dyeing  urge  that  there  is 
no  sufficient  evidence  that  the  fibre  and  colour- 
ing matter  combine  according  to  chemical  equi- 
valents, and  further,  that  neither  of  them  has 
lost  its  characteristic  physical  and  chemical  pro- 
perties. Colouring  matters  can  in  many  cases 
be  very  readily  removed  by  alcohol  or  other 


solvents  from  the  fibres ;  the  latter  then  appa- 
rently show  no  change  from  their  original  struc- 
tui'e  and  condition.  Tlie  dyeing  of  wool  and  silk 
has  been  compared  with  the  attraction  or  solvent 
action  exerted  by  ether  when  it  withdraws  a 
colouring  matter  from  an  aqueous  solution  with 
which  it  is  well  agitated.  The  textile  fibres  are 
considered  to  exert  a  purely  physical  attraction 
towards  colouring  matters,  and  the  latter  are  sup- 
posed to  be  held  in  an  unchanged  state  within 
and  upon  the  fibre.  The  ditferences  in  attraction 
exhibited  by  the  various  fibres  are  ascribed  to 
their  different  degrees  of  porosity.  The  question 
is  regarded,  indeed,  as  one  of  molecular  surface 
attraction  very  similar  to,  if  not  identical  with, 
that  exercised  by  animal  charcoal  when  it  de- 
colourises a  coloured  solution  during  filtration. 
In  some  cases  of  dyeing  this  seems  to  be  the  only 
tenable  view,  e.g.  in  dyeing  cotton  with  indigo 
by  the  vat  method,  when  by  exposure  to  the  air 
the  colourless  indigo-white  solution  absoi'bed  by 
the  fibre  is  changed  into  insoluble  indigo-blue, 
which  is  thus  precipitated  upon  and  possibly 
also  within  the  fibre.  The  dyeing  of  Prussian 
blue,  chromate  of  lead  yellow,  &c.,  on  cotton 
presents  similar  features. 

Certain  facts,  however,  seem  to  favour  the 
chemical  theory  of  dyeing,  particularly  with 
respect  to  the  dyed  animal  fibres,  according  to 
which  they  may  be  regarded  as  chemical  com- 
pounds analogous  to  salts,  in  which  the  fibre 
plays  sometimes  the  part  of  an  acid,  at  others 
that  of  a  base,  just  as  alumina  and  stannous 
oxide  behave  towards  strong  acids  or  bases. 
Wool  and  silk,  for  example,  may  be  dyed  red  in 
a  solution  of  the  colourless  base  rosaniline,  and 
yet  this  body  otherwise  only  produces  colour 
when  it  is  combined  with  an  acid.  Further, 
when  wool  is  dyed  in  a  solution  of  rosaniline 
hydrochloride  (magenta),  the  latter  undergoes 
decomposition,  the  rosaniline  is  taken  up  by  the 
fibre,  and  the  whole  of  the  hydrochloric  acid 
is  found  in  the  waste  dye  solution.  In  these 
cases,  therefore,  wool  and  silk  seem  to  play  the 
part  of  acids,  and  produce  an  insoluble  coloured 
compound  with  the  base  rosaniline. 

Again,  with  respect  to  certain  colouring 
matters  of  a  marked  acid  character,  e.g.  the 
sulphonic  acid  azo-  colours,  the  animal  fibres 
appear  to  play  the  part  of  a  base.  Not  being 
able  to  decompose  the  commercial  alkali  salts 
of  the  sulphonic  acid  colours,  these  fibres  do 
not  become  dyed  in  a  solution  of  the  com- 
mercial colours,  but  they  readily  dye  if  the 
colour-acid  is  liberated  b}'  adding  a  mineral  acid 
to  the  dye  bath.  If  the  free  colour-acid  pos- 
sesses a  different  colour  from  its  alkali  salt  the 
dyed  fibre  nevertheless  possesses  the  colour 
of  the  alkali  salt,  a  further  point  in  favour 
of  the  basic  behaviour  of  the  fibre  and  its 
combination  with  the  colour-acids  in  such  cases. 

Experiments  (which  have  been  recently 
made)  also  tend  to  show  that  the  chemical 
theory  of  dyeing  may  be  the  true  one  as  regards 
wool  and  silk.  Wool  seems  to  absorb  from  very 
concentrated  solutions  of  acid  and  basic  coal-tar 
colours  definite  maximum  amounts  of  colouring 
matter  which  bear  more  or  less  simple  mole- 
cular relationships  to  each  other. 

Further,  by  the  action  on  wool  of  sulphuric 
acid,  caustic  alkalis,  or  even  water  at  200°C.,  an 
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albuminoid  substance  tenneil  lanuginic  acid  is 
produced,  which  in  its  general  dyeing  properties 
behaves  very  like  wool.  With  metallic  salts, 
basic  and  acid  coal-tar  colours,  it  yields  preci- 
pitates of  definite  chemical  composition,  and 
Knecht  puts  forward  the  hypothesis  that  lanu- 
ginic acid,  or  rather  some  insoluble  modification 
of  it,  forms  a  constituent  of  wool  to  the  extent 
of  about  30  p.c.  of  its  weight,  and  thus  he  ex- 
plains chemically  by  its  means  all  the  reactions 
which  take  place  during  the  mordanting  and 
dyeing  of  this  fibre.  A  similar  hypothesis  may 
be  applied  to  silk. 

Another  fact  in  favour  of  the  existence  of  a 
chemical  union  between  colouring  matter  and 
fibre  in  some  cases  is  that  when  the  chemical 
composition  of  a  fibre  is  altered  its  behaviour 
towards  colouring  matter  is  also  different.  Nitro- 
cellulose and  oxycellulose,  for  example,  possess 
a  much  greater  attraction  than  cellulose  for  basic 
colouring  matters  (magenta  Ac). 

With  colouring  matters  which  can  only  be 
fixed  upon  fibres  by  the  aid  of  mordants,  the 
question  is  merely  transferred  to  the  nature  of 
the  attraction  existing  between  fibre  and  mor- 
dant, for  the  union  of  the  latter  with  the  colour- 
ing matter  is  undoubtedly  in  most  cases  of  a 
truly  chemical  character.  With  alizarin-red 
dyed  cotton,  for  example,  the  alumina  mordant 
is  probably  physically  attracted  by  the  fibre  but 
chemically  combined  with  the  alizarin.  With 
tannin  mordanted  cotton,  most  probably  a  phy- 
sical attraction  exists  between  the  tannic  acid 
and  the  cellulose. 

From  the  foregoing  statements  it  seems  pro- 
bable that  no  single  theory  of  dyeing  is  appli- 
cable in  all  cases,  and  although  with  our  present 
knowledge  we  are  not  able  to  explain  to  our 
complete  satisfaction  the  fundamental  cause 
of  dyeing,  there  seems  to  be  reasonable  ground 
for  considering  that  in  some  cases  a  chemical 
attraction  is  exerted  between  colouring  matter 
and  fibre,  e.g.  in  the  case  of  wool  and  silk,  and 
that  in  others  a  physical  attraction  is  exerted, 
e.g.  in  the  case  of  cotton. 

With  respect  to  the  seat  of  the  colouring 
matter  in  dyed  fibres,  it  differs  according  to  the 
fibre,  colouring  matter,  and  method  of  dyeing. 
As  a  rule,  dyed  wool  and  silk  are  permeated 
more  or  less  throughout  their  substance  with 
the  colouring  matter  ;  in  dyed  cotton  the  sub- 
stance of  the  fibre  is  sometimes  permeated  with 
colour  in  a  similar  manner,  but  fre(iuently  it  is 
fixed  almost  entirely  on  the  surface. 

Classification  of  colouring  matters. —  The 
dyestuffs  at  present  employed  exhibit  marked 
differences  in  their  physical  and  chemical  pro- 
perties, and  from  the  point  of  view  of  the  former 
they  may  be  divided  into  two  large  groups,  viz. 
pigments  and  colouring  principles. 

The  essential  characteristic  of  the  pigments 
is  that  they  possess  a  more  or  less  intense  and 
fully-developed  colour  in  themselves  ;  they  are 
coloured  bodies,  and  need  only,  as  it  were,  to  be 
fixed  in  a  more  or  less  unchanged  condition  upon 
the  textile  fibres.  To  this  group  belong  magenta, 
indigo,  azo-scarlet,  &c.  A  noticeable  feature  of 
this  class  of  colours  is  that  they  yield  at  most 
various  tones  of  one  colour;  they  are  »i07iC(ye«c<tc. 

The  mode  of  applying  them  to  wool  and 
silk  and  animal  substances  generally  is  usually 


very  simple.  It  suffices  in  most  cases  to  steep 
the  material  to  be  dyed  in  hot  solutions  of  the 
colouring  matter  with  the  addition  of  some  acid, 
alkali,  or  salt.  Their  application  to  the  vege- 
table fibres  is  frequently  of  a  more  complex 
character,  and  will  be  referred  to  afterwards. 

The  characteristic  feature  of  the  colouring 
principles  is  that  they  possess  little  or  no  colour 
in  themselves,  and  are  only  useful  as  dyestuffs 
because  they  are  capable  of  combining  with 
other  substances  to  produce  intensely  coloured 
bodies  or  pigments,  which  may  be  permanently 
fixed  upon  the  textile  fibres.  When  such  co- 
loured bodies  are  produced  apart  from  the  fibres 
they  are  termed  lakes.  Very  many  colouring 
principles  are  capable  of  yielding  several  differ- 
ently coloured  pigments  according  to  the  sub- 
stance with  which  they  are  combined,  and  such 
may  therefore  be  termed  polygcnctic  colouring 
jirinciples.  To  this  group  belong  alizarin 
(madder),  carminic  acid  (cochineal),  brazilein 
(peachwood),  &c 

The  application  of  this  class  of  dyestuffs 
both  to  the  animal  and  vegetable  fibres  generally 
comprises  two  operations,  viz.  mordanting  and 
chjeing.  The  first  has  for  its  object  the  fixing 
upon  the  fibre  in  an  indelible  manner  the  mor- 
dant, i.e.  that  substance  which  combines  with 
the  colouring  principle  to  produce  the  requisite 
coloured  pigment.  The  dyeing  operation,  which 
usually  follows  that  of  mordanting,  consists  in 
the  application  of  the  colouring  principle. 

The  terms  adjective  and  substantive  colour- 
ing matters  introduced  by  Bancroft  refer  to  those 
which  are  applied  by  the  aid  of  a  mordant  and 
those  which  are  applied  directly  ;  they  coincide 
somewhat  with  the  terms  colouring  jirinciples 
and  pigments  used  here,  but  not  entirely  so. 
The  latter  terms  refer  to  the  presence  or  absence 
of  fully-developed  useful  colour  in  the  sub- 
stance itself,  while  the  former  terms  indicate 
merely  the  method  of  application,  and  since 
this  varies  according  to  the  nature  of  the  fibre, 
it  frequently  happens  that  a  colouring  matter 
may  be  substantive  towards  wool  and  silk,  and 
adjective  towards  cotton.    This  is  the  case,  for 

I  example,  with  magenta  and  similarly  constituted 
colouring  matters. 

Another  mode  of  classifying  the  numerous 
dyestuffs  is  that  based  upon  their  chemical 
character,  and  although  this  plan  leads  to  an 
arrangement  of  numerous  sub-divisions,  it  marks 
out  two  or  three  prominent  groups,  a  considera- 
tion of  which  will  demonstrate  certain  funda- 
mental facts  connected  with  the  application  of 

[  colouring  matters.    If  the  colouring  j)rinciple 

j  alizarin  and  the  pigment  magenta  are  compared 
with  each  other  with  regard  to  their  general 
chemical  composition,  no  analogy  is  ai^parent, 
but  if  the  ultimate  dyed  colour  or  pigment 
alizarin-red  be  compared  with  magenta,  the  case 
is  difl'erent.  Alizarin-red  consists  of  a  colouring 
principle  (alizarin)  combined  with  the  base 
(alumina),  while  magenta  is  composed  of  a 
colouring  principle  (rosaniline)  combined  with 
the  acid  (hydrochloric  acid). 

Alizarin  and  rosaniline  are  indeed  types  of 
two  large  groups,  viz.  acid  and  basic  colouring 
principles,  and  these  require  to  be  combined  with 
substances  of  an  opposite  chemical  character  in 

I  order  to  yield  a  coloured  body,  pigment,  or  dye ; 
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the  former  require  the  aid  ot  basic  mordants 
(metallic  oxides),  the  latter  that  of  acid  mordants 
(tannic  acid).  This  necessity  applies  to  both, 
when  considering  their  application  to  cotton,  but 
with  respect  to  wool  it  only  holds  good  with  the 
former,  for  it  has  already  been  pointed  out  that 
wool  and  also  silk  may  be  dyed  directly  with  the 
base  rosaniline  alone.  If,  however,  as  has  been 
suggested,  these  fibres  themselves  act  as  acid 
mordants,  this  behaviour  of  the  basic  colouring 
principles  towards  wool  and  silk  is  at  once 
explained,  and  does  not  constitute  a  real  excep- 
tion to  the  above  statement. 

Acid  colouring  principles  like  alizarin  are 
really  of  a  phenolic  character,  and  are  employed 
in  the  free  state,  whereas  it  is  customary  to  use 
the  basic  colouring  principles  in  combination 
with  acids,  i.e.  as  salts.  Although  the  latter  then 
appear  as  soluble  pigments,  their  true  character 
as  basic  colouring  matters  is  not  recognised 
until  it  is  attempted  to  apply  them  to  the  cotton 
fibre,  when  it  is  found  that  they  are  not  directly 
applicable,  but  require  the  aid  of  an  acid  mor- 
dant, viz.  tannic  acid,  &c. 

Another  large  group  comprises  the  sulphonic 
acid  coloiiring  matters,  viz.  soluble  pigments  in 
which  the  presence  of  the  sulphonic  acid  group 
(HSO3)  isthe  characteristic  feature.  Most  of  these 
are  employed  in  the  form  of  sodium  salts,  and  are 
only  applicable  to  the  animal  fibres,  these  being 
simply  dyed  in  aqueous  solutions  with  the  aid 
of  a  little  sulphuric  acid.  This  addition  is  ne- 
cessary in  order  to  liberate  the  free  sulphonic 
acid  for  which  alone  the  fibre  has  any  attrac- 
tion. Since,  however,  it  is  necessary  to  add  a 
larger  amount  of  acid  than  is  required  for  this 
purpose,  E.  Knecht  considers  that  the  excess 
assists  in  the  production  within  the  wool  fibre 
of  the  lake-giving  substance  lanuginic  acid 
above  referred  to.  Typical  representatives  of  this 
class  are,  indigo-extract,  crocein-scarlet,  acid- 
magenta,  &c.  This  group  includes,  however,  an 
ever  increasing  series  of  sulphonic  acid  colour- 
ing matters  which  differ  in  a  remarkable  manner 
from  those  just  referred  to,  since  they  not  only 
dye  wool  and  silk  in  a  neutral  or  slightly  alkaline 
bath,  but  are  directly  attracted  by  cotton.  Ee- 
presentatives  of  this  class  are  :  Congo  red,  chrys- 
amin,  &c.  Another  group  of  some  importance 
is  that  comprising  pigments  which  contain  the 
nitro-  group  (NO..).  They  are  of  an  acid  cha- 
racter, and  possess  dyeing  properties  very  similar 
to  the  first  mentioned  sulphonic  acid  colour- 
ing matters  referred  to  above.  Picric  acid  and 
aurantia  are  representative  members  of  this 
group. 

Other  subsidiary  groups  of  colouring  matters 
will  be  referred  to  subsequently ;  it  is  only  in- 
tended here  to  draw  attention  to  the  fact  that 
an  intimate  relation  exists  between  the  chemical 
constitution  of  a  colouring  matter  and  its  me- 
thod of  application. 

Mordants.  These  are  substances  whose  par- 
ticular function  it  is  to  fix  colouring  matters  upon 
textile  materials.  It  has  already  been  pointed 
out  that  they  are  specially  needed  with  colouring 
principles  having  a  marked  acid  or  basic  cha- 
racter, in  which  case  they  also  develop  the  re- 
quired colour.  Their  action  is  of  a  chemical 
nature  ;  they  produce  with  the  colouring  prin- 
ciples insoluble  coloured  compounds,  and  pre- 


cipitate these  within  or  upon  the  fibre.  The 
mode  of  ap^jlying  the  mordants  varies  according 
to  the  fibre,  colouring  matter,  and  mordant  em- 
ployed. 

a.  The  most  important  class  of  mordants  is 
that  comprising  the  metallic  salts,  which  as 
basic  mordants  are  employed  with  all  fibres  ia 
conjunction  with  acid  colouring  principles  ot  a 
phenolic  character,  c.(j.  alizarin. 

Wool  is  mordanted  by  boiling  it  with  dilute 
solutions  of  these  metallic  salts,  usually  with  the 
addition  of  certain  acids  or  acid  salts,  e.g.  cream 
of  tartar,  oxalic  acid,  &c.  During  this  operation 
the  wool  assists  in  the  dissociation  of  the 
metallic  salt,  an  insoluble  basic  salt  being  fixed 
within  and  upon  the  fibre,  while  a  more  acid 
salt  remains  in  solution.  According  to  E.  Knecht 
the  mordant  is  fixed  as  an  insoluble  com- 
pound of  lanuginic  acid.  The  acids  or  acid 
salts,  which  are  added  along  with  the  mordant 
or  metallic  salt,  possibly  assist  the  dissociation 
of  the  latter  by  forming  more  sensitive  salts 
(tartrates,  oxalates,  &c.),  and  may  be  con- 
veniently termed  assistants. 

As  a  rule  the  mordanting  operation  precedes 
that  of  dyeing ;  not  unfrequently,  however,  the 
two  operations  take  place  simultaneously,  and 
the  dyeing  is  thus  effected  by  the  so-called 
'  single  bath,'  'one  dip,'  or  '  direct '  inethod,  as, 
for  example,  in  dyeing  wool  cochineal  scarlet. 
In  such  cases  the  wool  is  boiled  in  a  solution  con- 
taining colouring  matter,  metallic  salt,  and  as- 
sistant, in  certain  accurately  determined  relative 
proportions.  Combination  takes  place  between 
the  colouring  matter  and  the  mordant,  but  the 
pigment  which  would  otherwise  be  precipitated 
is  retained  in  solution  by  the  liberated  acid  of 
the  mordant  or  the  assistant  j^resent,  and  is 
only  withdrawn  from  the  solutions  by  the  fibre 
gradually,  or  attracted  and  rendered  insoluble 
by  the  lanuginic  acid  of  the  fibre,  which  thus 
becomes  dyed. 

In  some  cases  the  application  of  the  mordant 
succeeds  that  of  the  colouring  matter.  This 
constitutes  the  so-called  '  saddening  method  '  of 
dyeing,  because  it  is  usually  only  adopted  with 
those  mordants  which  give  sad  or  sombre  colours 
(e.g.  CuSOj,  FeSO.,).  Only  a  very  limited  num- 
ber of  dyestuffs  give  really  good  results  by  this 
method,  viz.  camwood,  barwood,  sanderswood, 
and  catechu,  since  most  colouring  matters  are 
not  attracted  in  sufficient  quantity  by  the  fibre 
alone,  to  yield  full  rich  colours  when  subsequently 
developed  by  combination  with  the  mordant 
applied.  Experiment  shows  that  the  colouring 
matters  of  these  dyestuffs  are  attracted  by,  and 
form  insoluble  compounds  with,  lanuginic  acid. 

Silk  is  mordanted  in  the  same  manner  as 
wool,  by  boiling  with  metallic  salt  solutions  ;  or 
it  is  simply  steeped  for  twelve  hours  or  so  in 
cold  solutions  of  the  salts  previously  rendered 
more  or  less  basic  and  sensitive.  By  subse- 
quently washing  with  water,  preferably  cal- 
careous, the  metallic  salt  absorbed  by  the  silk  is 
dissociated,  and  an  insoluble  basic  salt,  or  one 
analogous  to  the  insoluble  compound  of  lanu- 
ginic acid  above  referred  to,  is  precipitated  within 
the  fibre. 

Cotton  is  mordanted  with  metallic  salts  by 
processes  very  different  from  those  adopted  for 
wool  and  silk,  because  it  has  not  the  property 
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of  causing  the  dissociation  of  the  metallic  salts 
by  boiling  in  their  solutions.  The  methods  to 
be  adopted  vary,  also,  according  to  the  form  of 
the  material,  i.e.  whether  it  be  cotton-wool,  yarn, 
or  cloth. 

With  calico  it  is  usual  to  impregnate  the 
fabric  with  solutions  of  metallic  acctatca,  then 
to  dry  it,  and  expose  for  several  hours  to  a  moist 
warm  atmosphere.  During  this  so-called  '  age- 
ing '  process,  dissociation  of  the  salt  takes 
place,  acetic  acid  escapes,  and  a  more  or  less 
basic  salt  remains  fixed  upon  the  fibre. 

Sometimes  the  '  ageing  '  is  replaced  by  a 
'  steaming  process,'  in  which  the  fabric  is  ex- 
posed from  hr.  in  a  closed  chamber  to  the 
action  of  high  or  low  pressure  steam.  This 
method  is  adopted  by  the  printer  of  textile 
fabrics  in  the  so-called  '  steam  style,'  in  which  a 
mixture  of  colouring  matter  and  metallic  salt 
(usually  acetate)  is  printed  upon  the  fabric, 
which  is  then  dried  and  steamed.  The  metallic 
salt  is  decomposed,  a  basic  salt  is  precipitated 
upon  the  fibre,  at  the  same  time  combining  with 
the  colouring  matter  and  producing  the  coloured 
pigment.  This  method  is  analogous  to  the 
single-bath  jjrocess  of  the  woollen  dyer. 

Cotton  may  also  be  mordanted  by  impreg- 
nating it  with  metallic  salt  solutions,  drying, 
and  then  passing  through  solutions  of  such 
alkaline  substances  as  neutralise  the  acid  and 
precipitate  upon  the  fibre  a  basic  salt  or  the 
metallic  oxide,  e.g.  ammonia,  chalk,  sodium  car- 
bonate, &c.  One  may  also  use  solutions  of  those 
alkali  salts  whose  acids  form  insoluble  com- 
pounds with  the  base  of  the  mordant,  e.g.  sodium 
phosphate,  silicate,  arsenate,  &c.  All  substances 
used  in  this  manner  for  fixing  the  mordant  upon 
the  fibre  are  termed  flxiiig-agcnts. 

In  some  cases  of  mordanting,  the  cotton  is 
impregnated  with  the  fixing-agent  first  (e.g. 
tannic  acid,  sulphated-oil,  Ac),  then  dried  and 
passed  through  the  mordant  solution  afterwards, 
as  tor  example,  in  Turkey-red  dyeing. 

Special  methods  of  mordanting  cotton  are 
adopted  occasionally,  in  accordance  with  the 
properties  of  the  metallic  salt  employed.  Stannic 
oxide,  for  example,  may  be  fixed  on  cotton  by 
passing  the  fabric  through  a  solution  of  stannate 
of  soda,  and  then  through  dilute  sulphuric  acid, 
and  finally  washing.  Alumina  is  precipitated  on 
the  fibre  by  the  mere  exposure  to  air  of  cotton 
impregnated  with  aluminate  of  soda,  in  which 
case  atmospheric  carbonic  acid  is  the  active 
fixing-agent. 

b.  The  second  important  class  of  mordants  is 
that  which  includes  those  of  an  acid  character,  and 
which  are  specially  employed  for  fixing  basic 
colouring  matters  on  the  vegetable  fibres.  The 
typical  representative  of  this  class  is  tannic  acid. 

Cotton  is  mordanted  with  this  substance  by 
merely  steeping  in  a  cold  solution  of  it,  since  it  has 
a  natural  attraction  for  tannic  acid  ;  a  subsequent 
passage  through  a  hot  or  cold  solution  of  a  salt  of 
antimony,  tin,  &c.,  serves  to  fix  the  tannic  acid 
upon  the  fibre  as  insoluble  metallic  tannates. 

Other  acid  mordants  are  the  fatty  acids,  e.g. 
oleic  acid,  sulphated-oil,  &c.  With  these  the 
cotton  is  first  impregnated,  and  they  are  fixed 
thereupon  by  passing  through  certain  metallic 
salt  solutions,  e.g.  aluminium  acetate,  previous 
to  dyeing  with  llic  basic  colouring  matters. 
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Certain  acid  colouring  matters  derived  from 
benzidine,  fluorene,  stilbene,  Ac,  may  also  serve 
as  acid  mordants,  since  they,  too,  are  naturally 
attracted  by  the  cotton  fibre,  and  they  also  pro- 
duce insoluble  compounds  with  basic  colouring 
matters. 

Even  acid  colouring  principles  may  act  as 
mordants  towards  those  of  a  basic  character. 
[  Alizarin,  for  example,  when  fixed  on  cotton  by 
means  of  aluminium  or  iron,  or  even  in  the  free 
state,  readily  attracts  and  combines  with  the 
colour-base  of  magenta,  methyl-violet,  &c.,  and 
the  colour  of  the  alizarin  red  or  purple  already  on 
the  cotton  becomes  modified  or  intensified. 

Basic  mordants  are  employed  for  fixing 
on  animal  and  vegetable  fibres  those  colour- 
ing matters  which  are  of  an  acid  character, 
i.e.  either  true  acids  or  bodies  containing  hy- 
droxyl  groups,  of  which  the  hydrogen  is  re- 
placeable by  metals.  They  comprise  the  me- 
tallic salts,  of  which  the  most  important  are 
those  of  aluminium,  iron,  tin,  and  chromium. 

The  chief  aliuniniuin  mordants  employed  for 
'  wool  are  aluminium  sulphate  and  alum.  The 
best  results  are  usually  obtained  by  merely 
I  boiling  the  wool  for  1-1^  hours,  in  a  solut  on 
containing  8-10  p.c.  of  the  weight  of  the  wool 
of  aluminium  salt,  with  the  addition  of  cream 
of  tartar,  in  the  proportion  of  3  niols.  to  1 
mol.  aluminium  sulphate.  Aluminium  tartrate 
also  gives  excellent  results,  but  it  is  cheaper 
to  allow  this  salt  to  be  formed  in  the  mordant- 
j  ing  bath  itself  in  the  manner  described.  With 
some  colouring  matters  oxalic  acid  and  binoxal- 
ate  of  potash  are  to  be  preferred  to  cream  of 
tartar  as  assistants. 

Silk  is  mordanted  by  boiling  with  dilute 
aluminium  sulphate  solution,  or  by  steeping  '2i 
hours  in  a  concentrated  solution,  and  then 
washing  in  water,  preferably  calcareous. 

The  methods  of  mordanting  cotton  with 
aluminium  are  various.  It  may  be  impregnated 
I  with  a  more  or  less  concentrated  solution  of 
alum  or  aluminium  sulphate,  dried,  and  then 
passed  for  a  few  minutes  into  a  hot  solution  of 
phosphate,  arsenate,  or  silicate  of  soda,  or  am- 
monium carbonate.  The  cotton  may  also  be 
impregnated  with  a  cold  solution  of  neutralised 
sulphated  oil,  or  of  tannic  acid,  then  driel  and 
steeped  in  a  solution  of  aluminium  acetate  or 
basic  aluminium  sulphate.  One  may  also  im- 
pregnate the  cotton  with  a  solution  of  aluminate 
of  soda,  dry,  and  expose  to  the  air,  or  pass 
through  a  solution  of  ammonium  chloride. 
Normal  and  basic  aluminium  acetates  are  also 
employed,  the  cotton  being  impregnated  with 
their  solutions,  then  dried,  and  exposed  to  a 
moist  warm  atmosphere  ('  ageing  '),  and  finally 
piassed  through  a  hot  solution  of  sodium  arsenate 
(i'c.  The  aluminium  acetates  employed  are  pre- 
pared by  dissolving  alumina  hydrate  in  acetic 
acid,  or  by  decomposing  a  solution  of  aluminium 
sulphate  with  calcium  or  lead  acetate  ('  red 
liquor  ').  As  a  general  rule,  the  more  basic  the 
aluminium  salts  are,  the  more  readily  do  their 
solutions  precipitate  by  heating  or  diluting  with 
water,  and  the  larger  is  the  quantity  of  alumina 
they  yield  to  the  fibre  when  used  as  mordants. 

The  chief  iron,  mordants  employed  by  the 
dyer  are  ferrous  suljAate  and  acetate,  ferric 
sulphate,  acetate,  and  nitrate. 
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The  ferrous  acetate  employed  is  made  by  dis- 
Eolving  scrap  iron  in  pyroligneous  acid.  Tlie 
'  pyrolignite  of  iron  '  or  '  black  iron  litjuor  '  thus 
obtained  is  preferable  to  that  made  by  the 
mutual  decomposition  of  ferrous  sulphate  and 
lead  acetate  solutions  ;  it  keeps  better,  being  less 
liable  to  oxidise  because  of  the  presence  of  tarry 
matter  or  of  reducing  agents,  e.g.  pyroeatechol, 
&c.  Ferric  sulphate  is  prepared  by  heating  a  mix- 
ture of  definite  proportions  of  ferrous  sulphate, 
sulphuric  acid,  and  nitric  acid.  Although  the 
last-mentioned  substance  is  only  used  as  an 
oxidising  agent,  the  final  preparation  is  generally 
termed  by  dyers  '  nitrate  of  iron.'  The  so-called 
'  pure  nitrate  of  iron  '  (ferric  nitrate)  is  prepared 
by  dissolving  scrap  iron  in  nitric  acid. 

Wool  is  not  now  very  frequently  mordanted 
■with  iron,  except  after  the  application  of  the 
colouring  matter,  i.e.  by  the  so-called  saddening 
method.  In  certain  cases  where  it  may  be 
desirable  to  mordant  with  iron  first  in  the  ordi- 
nary manner,  one  may  boil  the  wool  in  a  solution 
of  7  p.c.  ferric  sulphate  [Fe.(S0j3]  and  4  p.c. 
binoxalate  of  potash. 

Silk  is  mordanted  by  merely  steeping  about 
twelve  hours  in  a  cold  solution  of  pyrolignite  of 
iron  (sp.gr.  1-025),  and  afterwards  washing  well. 
The  most  usual  mordant,  emi^loyed  largely  in 
black  silk  dyeing,  is  the  basic  ferric  sulphate 
l'''e,(SO,).(OH).^.  The  silk  is  steeped  in  a  some- 
what concentrated  solution  of  this  salt  (sp.gr. 
1'25)  for  about  one  hour,  then  squeezed  and  well 
washed.  The  operations  ai'e  repeated  seven  or 
eight  times,  after  which  the  silk  is  boiled  in  an 
old  soap  bath  and  finally  washed.  In  this  pro- 
cess the  very  sensitive  basic  ferric  sulphate  ab- 
sorbed by  the  fibre  is  decomposed  during  the 
several  washings,  a  still  more  basic  and  insoluble 
salt  being  precipitated  within  the  fibre. 

Cotton  is  usually  mordanted  with  iron  by 
first  impregnating  it  with  cold  tannic  acid  solution, 
and  then,  with  or  without  drying,  passing  into  a 
dilute  solution  of  ferrous  acetate,  ferric  sulpliate 
or  nitrate  (sp.gr.  1-01-1-02).  The  cotton  may 
also  be  impregnated  with  ferrous  or  ferric  acetate, 
dried,  and  exposed  to  a  moist  warm  atmo- 
sphere ('ageing'),  and  finally  fixed  by  passing 
through  a  hot  solution  of  sodium  phosphate,  &c. 

Tin  mordants  are  comparatively  little  used. 
As  a  rule  the  stannous  salts  are  employed  for 
wool  and  the  stannic  salts  for  cotton.  The  chief 
stannous  mordant  is  stannous  chloride  or  '  tin 
crystals.'  It  is  frequently  sold  as  a  somewhat 
acid  solution  under  the  name  of  '  single  muriate 
of  tin  '  (sp.gr.  1-3),  or  of  '  double  muriate  of 
tin  '  (sp.gr.  1-6).  The  general  name  '  tin  spirits  ' 
is  given  to  a  variety  of  solutions  of  tin  in 
mixtures  of  hydrochloric  acid  and  sulphuric  or 
nitric  acid.  They  usually  have  a  specific  name 
according  to  the  puq^ose  for  which  they  are 
employed;  'yellow  spirit,'  for  example,  is  used  in 
conjunction  with  the  yellow  dyewoodsfor  dyeing 
yellows.  A  very  favourite  mordant  with  woollen 
dyers  for  producing  cochineal  scarlet  is  the  so- 
called  '  scarlet  spirit '  or '  bowl  spirit.'  It  is  really 
a  stannous  nitrate  containing  some  stannic  salt 
prepared  by  dissolving  rods  of  block  tin  in  cold 
nitnc  acid  (sp.gr.  1-lG)  taking  care  to  avoid  too 
energetic  action. 

The  chief  stannic  mordant  employed  is 
stannic  chloride.   It  ia  usually  sold  as  a  solu- 


!  tion,  or  the  dyer  makes  it  himself  by  dissolving 
I  tin  in  hydrochloric  acid  with  the  addition  of 
!  some  oxidising  agent,  e.g.  nitric  acid  or  potassium 
j  chlorate.    The  common  name  given  to  the  solu- 
tion is  '  cotton  spirits  ; '  occasionally  it  receives 
such  names  as  '  nitro-muriate  of  tin,'  '  barwood 
spirits,'  &c.,  according  to  its  composition  and 
character,  and  the  use  to  which  it  is  applied. 

Wool  is  mordanted  by  boiling  in  a  solution 
containing  6  p.c.  of  the  weight  of  wool  of 
stannous  chloride,  and  G-10  p.c.  cream  of  tartar. 
Large  proportions  of  stannous  chloride  should 
be  strictly  avoided,  otherwise  the  dyed  wool  feels 
harsh  and  its  general  properties  are  impaired. 
Stannous  chloride  with  addition  of  oxalic  acid  is 
particularly  applicable  for  the  single-bath  process 
of  dyeing  with  certain  colouring  matters,  e.g. 
cochineal,  flavin,  alizarin,  &c. 

Silk  may  be  mordanted  in  the  same  manner 
as  wool,  or  it  is  steeped  several  hours  in  a  more 
or  less  concentrated  solution  of  stannic  chloride 
and  then  well  washed. 

Cotton  is  mordanted  wth  stannic  oxide  by 
impregnating  it  with  a  solution  of  stannate  of 
soda  (sp.gr.  1-02-1-05)  and  then  passing  rapidly 
through  very  dilute  sulphuric  acid  and  finally 
washing.  The  usual  method,  however,  is  to  im- 
pregnate the  cotton  with  cold  tannic  acid  solu- 
tion for  three  hours,  then  squeeze,  and,  with  or 
usually  without  drying,  steep  one  hour  in  a 
dilute  solution  of  stannic  chloride  (sp.gr.  1"02), 
and  wash.  Cotton  thus  mordanted  was  much  used 
formerly  for  dyeing  with  colouring  matters  of  an 
acid  character :  peachwood, logwood,  etc., in  which 
case  the  stannic  oxide  constituted  the  mordant, 
the  tannic  acid  acting  as  fixing-agent.  Now  that 
the  basic  coal-tar  colours  are  so  much  employed 
in  dyeing  cotton,  although  the  same  method  of 
mordanting  is  still  employed,  the  roles  of  the 
tin  salt  and  tannic  acid  are  reversed,  for  it  is 
really  the  tannic  acid  which  is  the  essential 
mordant  while  the  stannic  chloride  serves  only 
as  the  fixing  agent. 

The  chromium  moi'dants  are  now  of  the 
first  importance,  since  with  different  colouring 
matters  they  yield  a  considerable  range  of  coloui  s 
which  are  remarkable  for  their  permanence. 
The  most  important  chromium  salt  is  potassium 
bichromate,  and  it  is  now  more  largely  used  as 
a  mordant  in  wool-dyeing  than  any  other  metallic 
salt.  In  cotton-dyeing  it  is  frequently  employed 
as  an  oxidising  agent,  e.g.  to  develop  the  colour 
in  dyeing  catechu-brown  or  aniline-black,  and 
also  to  dye  chromate  of  lead  yellow  and  orange. 
In  recent  years  the  cheaper  sodium  bichromate 
has  largely  replaced  the  potassium  salt.  Other 
chromium  salts  onployed  as  mordants,  chiefly 
for  cotton,  are  chrome-alum  and  chromium 
I  acetate.  Chrome-alum  is  obtained  in  large 
quantities  as  a  by-product  during  the  manufac- 
ture of  alizarin  ;  chromium  acetate  is  prepared 
by  mixing  together  solutions  of  chrome-alura 
and  lead  acetate. 

Wool  is  mordanted  with  chromium  by  boiling 
forl-li  hours  with  3  p.c.  (3  mols.)  potassium  bi- 
chromate. In  many  cases  it  is  beneficial  to  add 
along  with  it  1  p.c.  (1  mol.)  sulphuric  acid  (sp.gr. 
1-84)  or  6  p.c.  (1  mol.)  tartaric  acid,  whereby  fuller 
or  brighter  colours  are  ultimately  obtained.  When 
potassium  bichromate  alone  is  employed  it 
I  would  appear  that  a  decomposition  of  the  salt 
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occurs,  the  wool  alisorbing  essentially  chromic  acid 
as  well  as  potassium  bichromate.  When  an 
addition  of  sulphuric  acid  is  made  the  wool 
absorbs  only  chromic  acid.  In  both  cases  the 
mordanted  wool  has  a  yellow  colour,  and  only 
in  tlie  dye -bath  does  the  reduction  to  the  real 
mordanting  body  chromic  oxide  take  place 
within  the  fibre  through  the  interaction  of  the 
colouring  matter.  When  tartaric  acid  is  the 
assistant  employed  the  mordanted  wool  has  a 
green  colour,  reduction  of  the  chromic  acid  taking 
pi  ace  already  in  themordanting  bath,andchromic 
hydrate  being  deposited  within  the  wool.  If  large 
amounts  of  potassium  bichromate  are  employed 
for  mordanting,  especially  if  sulphuric  acid  is  also 
added  to  the  bath,  bad  results  are  obtained,  the 
colouring  matter  being  oxidised  and  destroyed  by 
the  excess  of  chromic  acid  present  in  the  wool. 
Thisdefect  is  known  as  'over-chroming.'  In  some 
lew  cases  potassium  bichromate  may  be  usefully 
applied  in  the  same  bath  with  the  colouring 
matter,  cj.  with  alizarin,  or  after  it,  c.cj.  in  the 
case  of  camwood. 

Silk  is  not  usually  mordanted  with  chromium. 
It  is  well  mordanted,  however,  if  boiled  with  a 
solution  of  potassium  bichromate  and  tartaric 
acid  after  the  manner  of  wool,  but  not  if  one 
employs  potassium  bichromate  alone,  or  even 
witli  the  addition  of  sulphuric  acid. 

Cotton  is  mordanted  with  chromium  by  im- 
pregnating it  with  a  more  or  loss  concentrated 
solution  of  chrome-alum,  drying,  and  passing 
through  a  boiling  solution  of  sodium  carbonate 
(100  grams  per  litre)  or  caustic  soda.  A  method 
in  vogue  with  the  printer  is,  to  impregnate  or 
print  the  cotton  with  a  mixture  of  colouring 
matter  and  chromium  acetate,  dry  and  steam 
('steam  colours').  Cotton  may  also  be  mor- 
danted by  steeping  for  several  hours  in  an 
alkaline  solution  of  chromium  acetate,  e.g.  a 
mixture  of  100  parts  by  weight  of  chromium 
acetate  (sp.gr.  l'H.5),  100  parts  NaOH  (sp.gr. 
1-.33),  50  parts  water,  and  finally  washing.  This 
method,  however,  is  not  employed,  it  is  found 
better  to  pad  in  the  solution  and  steam. 

Acid  mordants  are  employed  for  fixing  basic 
colouring  matters  on  cotton.  They  find  no  use  for 
this  purpose  in  wool  and  silk  dyeing,  since  these 
iibres  theiuselves  act  as  acid  mordants,  and  are 
dyed  directly  without  the  aid  of  any  mordant. 

Tannic  acid  is  the  nrordant  j)ar  excellence 
for  fixing  the  basic  coal-tar  colours  on  cotton. 
This  fibre  absorbs  tannic  acid  by  long  steeping 
in  its  cold  solution,  and  if  when  thus  prepared  it 
is  immersed  in  a  solution  of  a  basic  colouring 
matter,  the  tannic  acid  combines  with  the  colour- 
base,  a  coloured  lake  is  formed  within  the  sub- 
stance of  the  fibre  and  the  cotton  becomes  dyed. 
During  the  dyeing  process  the  acid  originally  in 
combination  with  the  colour-base  is  displaced, 
and  since  in  the  free  state  it  interferes  with  the 
complete  formation  of  the  colour-lake,  it  is  found 
beneficial  to  add  a  small  proportion  of  sodium 
carbonate  or  acetate  to  the  dye-bath.  Since  the 
taunates  of  colour-bases  are  somewhat  soluble, 
especially  if  there  be  excess  of  tannic  acid 
present,  and  also  in  alkaline  solutions,  it  is 
necessary  in  practice  to  fix  the  tannic  acid  on 
tlie  fibre  in  the  form  of  an  insoluble  metallic- 
tannate,  previous  to  dyeing.  This  is  done  by 
passing  the  tannic  acid  prepared  cotton  through 


a  hot  or  cold  solution  of  tartar-emetic  or  stannic 
chloride ;  tannate  of  antimony  or  tin  is  thus 
fixed  on  the  fibre,  and  these  have  quite  as  great 
an  attraction  for  the  colour-base  as  free  tannic 
acid  has.  Cotton  thus  mordanted  and  dyed  is 
probably  permeated  with  a  very  insoluble  tan- 
nate of  antimony  or  tin  and  of  colour-base,  a 
triple  comijound  which  is  insoluble  in  alkaline 
solutions,  and  fast  therefore  to  washing  with 
soap,  &c. 

As  already  pointed  out,  tannic  acid  is  some- 
times used  as  a  fixing  agent  for  tin,  iron,  or 
aluminium  mordants,  and  since  its  iron  com- 
jjound  is  of  a  bluish-black  colour  it  sometimes 
serves  with  respect  to  iron  as  a  useful  colouring 
matter. 

Tannic  acid  finds  no  use  in  woollen  dyeing,  but 
for  silk  it  is  largely  employed,  partly  for  adding 
weight  to  the  silk,  and  i^artly  for  the  purpose  of 
dyeing  it  black  in  conjunction  with  iron  mor- 
dants. Its  utility  as  a  weighting  agent  is  owing 
to  the  fact  that  silk  absorbs  as  much  as  '25  p.c. 
tannic  acid  from  its  hot  solution,  whereby  it 
not  only  gains  in  weight,  but  also  in  volume. 

Fatty  acids  are  used  as  mordants  for  fixing 
the  basic  coal-tar  colours  on  cotton  very  much 
in  the  same  way  as  tannic  acid.  They  are, 
however,  not  attracted  by  cotton  from  their 
solutions,  but  they  form  insoluble  lakes  with 
the  colour-bases.  The  method  of  procedure 
is  to  impregnate  the  cotton  with  a  more  or  less 
concentrated  solution  of  their  alkali  salts,  e.g. 
soap  ;  after  drying,  the  fabric  is  passed  through, 
or  better  steeped,  in  a  cold  solution  of  aluminium 
sulphate,  and  washed.  Although  the  fatty  acid 
is  thus  fixed  on  the  fibre  as  an  insoluble  alu- 
minium-soap, it  is  still  capable  of  combining  with 
the  colour-base  when  the  cotton  is  passed  into 
a  solution  of  a  basic  colouring  matter.  Colours 
dyed  by  this  method  are  brighter  than,  but  not 
so  fast  to  washing  as,  those  fixed  by  means  of 
tannic  acid. 

The  most  convenient  fatty-acid  mordant  to 
employ  instead  of  ordinary  soap  is  the  so-called 
'  sulphated-oil.'  It  is  prepared  by  mixing  two 
parts  by  weight  of  castor-oil  with  one  part  of 
sulphuric  acid  (sp.gr.  1-84)  and  allowing  the 
mixture  to  stand  for  2-4  hours.  It  is  then 
washed  with  a  strong  solution  of  common  salt 
to  free  it  from  excess  of  acid,  and  is  finally  neu- 
tralised with  ammonia  or  caustic  soda.  The 
product  of  the  action  of  the  acid  upon  the  oil 
has  a  somewhat  complex  chemical  composition, 
but  its  ijractical  utility  depends  upon  the  fact 
that  it  behaves  like  a  fatty  acid  and  gives  an 
extremely  soluble  soap  with  alkalis.  (Ordinary 
castor-oil  soap  produced  by  boiling  the  oil  with 
caustic  soda  is  also  very  soluble  and  may  be 
used  as  an  equally  good  mordant.  Sulphated- 
oil  is  frequently  called  '  Turkey-red  oil,'  '  aliza- 
rin-oil,' and  '  soluble-oil,'  since  it  is  largely  used 
in  the  modern  short  process  of  Turkey-red  dyeing 
as  the  fixing-agent  for  the  necessary  aluminium 
mordant,  and  it  gives  the  characteristic  brilliancy 
of  colour  obtained  by  the  use  of  the  oil  prepara- 
tions formerly  employed. 

Acid  colouring  principles,  e.g.  alizarin,  and 
certain  acid  colouring  matters  derived  from  benz- 
idine, stilbene,  fluorene,  Ac,  can  also  be  readily 
fixed  on  cotton,  and  serve  as  mordants  for  basic 
colouring  matters,  but  they  are  not  generally 
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used  for  this  purpose  unless  for  the  production 
of  compound  shades  to  suit  certain  tastes  or 
requirements. 

Natural  colouring'  matters.  These  belong 
for  the  most  part  to  the  acid  or  phenolic  class, 
and  require  therefore  the  aid  of  basic  mordants 
(metallic  salts).  The  notable  exceptions  are 
indigo,  safiiowev,  turmeric,  catechu,  annatto, 
and  archil. 

Indigo  is  one  of  the  most  valuable  blue 
colouring  matters  employed  by  the  dyer. 

One  method  of  dyeing  with  indigo  is  founded 
upon  its  property  of  dissolving  in  strong 
sulphuric  acid  whereby  it  becomes  changed 
into  indigotin-disulphonic  acid  (indigo-extract), 
which  is  then  applied  to  the  animal  fibres  by 
merely  steeping  them  in  its  hot  acid  solutions. 
This  method,  which  is  not  applicable  to  the 
vegetable  fibres,  yields  brighter  colours  than  the 
vat-niethod  described  below,  but  they  are  fugi- 
tive to  light  and  are  decolourised  by  alkaline 
solutions. 

The  most  important  method  of  application 
is  by  means  of  the  indigo-vat,  which  is  suitable 
both  for  vegetable  and  animal  fibres  and  yields 
exceedingly  permanent  colours  although  they 
are  not  remarkable  for  brilliancy.  This  method 
is  based  upon  the  fact  that  under  the  influence 
of  reducing  agents,  the  insoluble  indigo-blue  is 
changed  into  indigo-white  which  is  readily 
soluble  in  alkalis.  If  textile  materials  are  im- 
mersed in  the  alkaline  solutions  and  then  ex- 
posed to  the  air,  the  indigo-white  absorbed 
by  the  fibre  is  oxidised  and  reconverted  into 
indigo-blue,  which  being  precipitated  within  and 
upon  the  fibre  is  permanently  fixed. 

Cotton  is  dyed  by  means  of  the  ferrous  sul- 
phate vat,  the  zinc-powder  vat,  or  the  hyjjo- 
sulphite  vat. 

The  ferrous  sidpliate  vat  (lime  and  copperas 
vat)  is  composed  of  the  following  ingredients : 
water  4,000  litres,  finely  ground  indigo  40  kilos., 
ferrous  sulphate  60-80  kilos.,  dry  slaked  lime 
60-100  kilos.  The  following  equation  shows 
the  chemical  changes  which  occur  during  its 
preparation  : 

FeSO,  -1-  Ca(OH).,  =  CaSO ,  -1-  Fe(OH), 
2re(0H)..  +  2H.,d  =  Fe,(OH) .  +  H.. 
C„.H,  „N,0,,  -I-  H,  =  C, ,  H ,  ,N,0,. 
The  lime  decomposes  the  ferrous  sulphate  with 
the  production  of  ferrous  hydrate,  and  this  in 
the  presence  of  lime  and  indigo  decomposes  the 
water,  yielding  ferric  hydrate  and  hydrogen ; 
the  latter  at  once  combines  with  the  indigotin 
and  produces  indigo-white,  which  dissolves  by 
reason  of  the  excess  of  lime  j^resent.    The  nor- 
mal colour  of  the  vat  liquor  thus  obtained  is 
brownish-amber. 

The  zinc-powder  vat  is  made  up  with  water, 
indigo,  zinc-powder,  and  lime.  In  the  presence 
of  the  lime  and  indigo  the  zinc  decomposes  the 
water  even  at  the  ordinary  temperature,  and 
the  liberated  hydrogen  effects  the  reduction  of 
tlie  indigo. 

The  hypostdphite  vat  contains  water,  indigo, 
hyposulphite  of  soda  (NaHSO,)  and  lime.  The 
active  reducing  agent  hyposulphurous  acid  (also 
called  hydrosulphurous  acid)  is  prepared  by  the 
short  action  (1  hour)  of  zinc-powder  upon  a  cold 
concentrated  solution  of  bisulphite  of  soda  (sp.gr. 
1'3),  taking  care  to  avoid  access  of  air  and  over- 


heating of  the  mixture.  After  neutralising  with 
lime  and  allowing  the  sediment  produced  to 
subside,  the  clear  solution  of  hyposulphite  i3 
mixed  with  lime  and  indigo.  The  action  of  the 
zinc  upon  the  bisulphite  of  soda  is  somewhat 

:  complex,  there  being  produced  a  solution  of 

\  sodium  hydrogen  hyposulphite  and  a  precipitate 

j  of  zinc  sodium  sulphite,  thus  - 

Zn  +  SNaHSO^  =  NaHSO, -i-  ZnNa,(SO,),  -i-  H,0 

j  In  the  presence  of  the  indigo  and  lime  the 

i  sodium  hydrogen  hyposulphite  decomposes  the 
water,  yielding  sodium  hydrogen  sulphite  and 

!  hydrogen  which  at  once  reduces  the  indigo  ; 

\  NaHS0,4- H,0  =  NaHSO, -fH,. 

j  The  advantages  of  this  vat  are,  that  it  is  readily 
prepared  and  gives  very  little  sediment. 

I  Wool  is  also  dyed  by  means  of  the  hj-po- 
sulphite  vat,  but  more  frequently  the  fermenta- 
tion vats  are  employed,  of  which  the  principal  is 
the  so-called  woad-vat.  The  composition  of 
this  vat  is  about  as  follows  : — 

Indigo  15  kilos.,  woad  300  kilrs.,  bran  10 

j  kilos.,  madder  2-15  kilos.,  lime  12  kilos.,  water 
6,000  litres.  The  bran,  madder,  and  especially 
the  woad,  supply  the  ferment,  a  species  of  bac- 
terium which  at  a  temi)crature  of  about  50°C. 
causes  lactic  and  butyric  fermentation  with 
evolution  of  hydrogen.  Excessive  fermentation 
is  prevented  by  making  suitable  additions  of 
lime,  or  it  is  accelerated,  if  necessai^j',  by  adding 
further  quantities  of  bran. 

I  In  the  so-called  German  soda-vat  and  the 
Indian  potash-vat,  the  woad  is  replaced  by  bran 

I  with  the  addition  of  molasses,  and  the  lime  is 
more  or  less  replaced  by  sodium  or  potassium 

j  carbonate. 

j  To  avoid  the  derangements  to  which  all 
fermentation  vats  are  liable,  Collin  and  Benoist 
propose  to  employ  a  pure  ferment  and  a  com- 
pletely fermentesciblefood  material.  The  latter 
consists  of  starch  paste  and  glucose,  while  the 
former,  Dcsmohactcriitin  hydrogcnifcnim  is  culti- 
vated by  infecting  a  sterilised  solution  contain- 
ing sodium  carbonate  and  phosphate,  ammonium 
tartrate,  soluble  starch  and  lime,  with  a  crude 
ferment  obtained  by  digesting  potato  cuttings 
in  tepid  water.  It  is  proposed  to  sell  the  pure 
ferment  mixed  with  dry  wood-flour,  of  which 
preparation  50  grams  would  suffice  for  a  vat  of 
12  cubic  metres  capacity.  The  results  obtained 
by  its  use  are  said  to  be  40  p.c.  better  than  those 
of  the  old  method. 

Silk  is  seldom  dyed  with  vat  blue.  Both 
the  fermentation  and  the  hyposulphite  vat  are 
applicable,  or  one  may  employ  with  advantage 
a  vat  prepared  with  zinc-powder  and  ammonia. 

Logwood  serves  principally  for  producing 
blacks,  dark  blues,  greys,  and  numerous  com- 
pound shades  when  used  along  with  other  dye- 
stuffs. 

Wool  is  dyed  blue  or  black  by  mordanting 
with  bichromate  of  potash,  with  the  addition  of 
sulphuric  or  tartaric  acid,  or  cream  of  tartar, 
then  washing  and  dyeing  in  a  separate  bath  with 
15-50  p.c.  logwood.    It  is  usual  to  modify  the 

I  tone  of  colour  by  the  addition  of  a  small  quantity 

'  of  some  other  d^'ewood — e.g.  fustic.  When  sul- 
phuric acid  is  the  assistant  employed  in  the 

I  mordanting  bath,  or  if  no  addition  is  made,  the 
presence  of  chalk  or  calcium  acetate  in  the  dye- 

1  bath  is  injurious,  whereas  if  tartaric  acid  or 
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cream  of  tartar  is  employed,  these  additions  are 
decidedly  beneficial.  Occasionally  wool  is  dyed 
black  by  mordanting  it  with  ferrous  sulphate 
before  or  after  dyeing  with  logwood.  A  direct 
black,  known  as  '  Bonsor's  Black,'  is  a  mixed 
iron  and  copper  lake  sold  in  the  form  of  a  paste. 
Wool  is  dyed  by  boiling  with  a  solution  contain- 
ing 20-30  p.c.  of  the  paste,  and  2-3  p.c.  oxalic 
acid.  Woaded  blacks  are  produced  by  first  dye- 
ing a  light  indigo  blue  in  the  woad-vat  and  then 
dyeing  logwood  black  in  the  ordinary  manner. 
With  aluminium  mordant  logwood  gives  a  dull 
purple,  and  with  tin  mordant  a  still  redder 
purple,  both  fugitive  to  light.  In  the  former 
case  the  presence  of  chalk  or  calcium  acetate  in 
the  dye-bath  is  beneficial.  With  copper  mordant 
it  yields  a  greenish-black  remarkable  for  its  fast- 
ness to  light.  These  mordants  are  employed 
much  less  frequently  than  bichromate  of 
potash. 

Silk  is  dyed  black  as  follows  : — Mordant  with 
basic  ferric  sulphate,  dye  blue  in  a  bath  of  potas- 
sium ferrocyanide  slightly  acidified  with  hydro- 
chloric acid,  steep  in  a  strong  hot  decoction  of 
catechu  containing  stannous  chloride,  steep  in  a 
second  bath  containing  only  catechu,  mordant 
with  pyrolignite  of  iron,  dye  in  a  bath  containing 
logwood  liquor  and  soap. 

Cotton  is  dyed  black  by  first  preparing  it 
with  tannic  acid  (decoction  of  myrobalans, 
sumach,  ttc.)  or  with  catechol  (decoction  of 
catechu),  then  mordanting  with  pyi'olignite  or 
nitrate  of  iron,  and  finally  dyeing  with  logwood. 
Aluminium,  tin,  and  copper  mordants  are  only 
occasionally  employed  in  connection  with  log- 
wood by  the  cotton  dyer. 

Byazilwood,  pcachwood,  and  limairood 
possess  dyeing  properties  more  or  less  similar, 
and  the  method  of  their  application  to  the  dif- 
ferent fibres  is  practically  the  same  as  for  log- 
wood. They  are  becoming  less  and  less  em- 
ployed because  of  the  fugitive  character  of  the 
colours  they  yield. 

With  chromium  mordant  they  produce  colours 
ranging  from  purplish-slate  to  claret-brown,  ac- 
cording to  the  percentage  of  dyewood  employed. 
With  aluminium  and  tin  mordants  they  give 
moderately  bright  crimsons,  with  copper  and 
iron  mordants  claret-brown  and  dark  slate  re- 
spectively. 

In  the  form  of  extracts  these  dyewoods  are 
still  much  used  by  the  calico-printer  for  low 
class  steam  styles. 

Camivood,  barwood,  and  sanderswood  possess 
similar  dyeing  properties,  and  are  chiefly  em- 
ployed in  woollen-dyeing  for  producing  brown 
colours.  The  colouring  matter  which  they  con- 
tain is  of  a  resinous  character  and  very  little 
soluble  even  in  hot  water ;  but  if  wool  is  boiled 
iwith  water  containing  the  ground  wood  it  absorbs 
a  considerable  quantity  of  colouring  matter  and 
acquires  a  full  reddish-brown  stain.  By  passing 
afterwards  into  boiling  solutions  of  the  various 
mordants  useful  colours  are  obtained.  Chro- 
mium mordant  gives  a  deep  purplish-brown, 
aluminium  a  brownish-red,  copper  and  iron 
mordants  a  claret-brown  and  purplish-brown 
respectively.  With  these  dyewoods  this  so-called 
'  stuffing  and  saddening  '  method  of  dyeing  is 
preferable,  as  a  rule,  to  the  ordinary  'mordanting 
and  dyeing '  method,  since  it  gives  deeper  colours. 


In  cotton-dyeing  barwood  is  the  only  dyestuff 
of  this  class  used,  viz.,  for  '  mock  Turkey-red  ' 
or  '  barwood  red.'  The  cotton  is  prepared  with 
tannic  acid,  mordanted  with  tin,  and  boiled  with 
water  containing  ground  barwood. 

In  silk-dyeing  these  dyewoods  are  never  em- 
ployed, because  the  addition  of  ground  wood  to 
the  dye-bath  is  inadmissible  with  silk,  and  no 
extracts  are  obtainable. 

Madder.  This  dyestuff,  once  of  such  great 
importance,  has  now  been  almost  entirely  re- 
placed by  artificial  alizarin,  particularly  in  cotton- 
dyeing. 

Wool  is  mordanted  with  bichromate  of  potash, 
aluminium  sulphate,  &c.,  according  to  the 
methods  already  described,  and  dyed  in  a  sepa- 
rate bath  with  madder.  The  addition  to  the 
dye-bath  of  1-2  p.c.  of  chalk  or  calcium  acetate 
is  beneficial,  especially  in  the  case  of  aluminium 
and  iron  mordants,  or  when  chromium  is  present 
in  the  wool  as  chromic  hydrate.  Chromium 
gives  claret-brown,  aluminium  brownish-red,  tin 
gives  a  fairly  bright  orange,  copper  and  iron 
mordants  give  brown.  With  stannous  chloride 
and  oxalic  acid,  also  with  potassium  bichromate 
and  sulphuric  acid,  the  '  single  bath  '  method  of 
dyeing  may  be  employed. 

Silk  is  mordanted  in  the  usual  manner  and 
dyed  in  a  separate  bath  with  madder. 

The  use  of  madder  in  the  woad-vat  has 
already  been  referred  to. 

Cochineal.  This  valuable  dyestuff  is  princi- 
pally used  in  wool-dyeing  for  the  production  of 
crimson  and  scarlet  colours,  although  it  is  now 
largely  replaced  either  hy  azo-scarlet  or  alizarin- 
red.  In  cotton  and  silk  dyeing  its  use  is  all  but 
entirely  discontinued. 

Wool  is  dyed  crimson  by  first  mordanting 
with  aluminium  sulphate  and  cream  of  tartar, 
and  dyeing  in  a  separate  bath  with  cochineal. 
By  employing  oxalic  acid  as  the  assistant  the 
single-bath  method  may  also  be  employed. 
Cochineal  scarlet  is  always  dyed  in  a  single  bath, 
using  about  G  p.c.  stannous  chloride,  6  p.c. 
oxalic  acid,  and  10-1.5  p.c.  ground  cochineal; 
usually  a  small  percentage  of  flavin  is  added  to 
make  the  colour  yellower  and  brighter. 

Chromium  and  iron  mordants  give  purple 
and  slate  colours  respectively ;  but  these  mor- 
dants are  rarely  employed  in  practice,  because 
similar  colours  can  be  obtained  more  cheaply  by 
other  methods.  The  presence  of  lime  salts  or 
any  alkaline  salt  in  the  dye-bath  is  specially 
injurious.  All  cochineal  colours  are  fast  to 
light ;  the  chief  defect  of  cochineal  scarlet  is 
that  it  loses  brilliancy  and  becomes  blue  by  the 
action  of  a' kalis,  soap,  &c. 

Lac-dye  may  be  employed  in  the  same  way 
as  cochineal,  and  similar  colours  are  obtained 
with  the  different  mordants  ;  but  its  use  is  now 
almost  entirely  discontinued.  Owing  to  the 
presence  of  an  excess  of  mineral  matter  in  lac- 
dye  it  is  necessary  to  soak  it  in  a  little  dilute 
hydrochloric  acid  before  use. 

Archil,  in  the  form  of  paste  or  extract,  or  in 
the  dried  state  as  cudbear,  is  employed  in  wool 
and  silk  dyeing  for  the  production  of  compound 
colours — chiefly  browns,  maroons,  olives,  &c. 
It  is  applied  in  a  neutral,  slightly  alkaline,  or 
slightly  acid  bath.  It  yields  full  rich  colours, 
which  unfortunately  are  not  fast  to  light. 
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Annatto  is  now  little  used,  except  in  silk-dye- 
ing. It  is  applied  in  a  hot  soap  bath.  It  gives 
nice  orange  shades,  which  are  fugitive  with  re- 
spect to  light. 

Saffloiccr  was  formerly  much  used  for  dyeing 
bright  pinks  on  cotton  ;  but  its  employment  for 
this  purpose  is  now  almost  entirely  discontinued. 
Cotton  is  dyed  in  a  slightly  alkaline  bath,  which 
is  gradually  acidified  by  the  addition  of  tartaric, 
acetic,  or  sulphuric  acid,  the  colouring  matter 
being  thus  precipitated  upon  the  fibre. 

Weld  is  now  employed  only  to  a  limited  ex- 
tent in  silk  and  wool-dyeing,  chiefly  for  produ- 
cing yellow  in  conjunction  with  tin  and  alumi- 
nium mordants,  or  for  olive  with  iron  mordant. 

Wool  is  dyed  yellow  by  mordanting  with  4 
p.c.  aluminium  sulphate  with  the  addition  of 
cream  of  tartar,  and  dyeing  in  a  separate  bath 
with  80  p.c.  weld,  with  the  addition  of  8  p.c. 
chalk.  Silk  is  dyed  in  a  similar  manner.  The 
colour  is  remarkable  for  its  purity,  i.e.  freedom 
from  orange,  and  its  fastness  to  light.  With  tin 
mordant  a  pure,  bright,  and  fairly  fast  yellow  is 
also  obtained. 

Old-fustic  is  the  most  largely  used  natural 
yellow  dyewood  now  employed,  principally  in 
wool-dyeing,  for  the  production  of  compound 
shades.  With  chromium  mordant  it  yields  an 
olive-yellow  (old-gold)  colour,  with  aluminium 
and  tin  mordants  yellows  are  obtained,  those 
with  tin  being  the  brightest ;  copper  and  iron 
mordants  give  olives.  Prolonged  dyeing,  espe- 
cially at  high  temperatures,  should  be  avoided 
in  the  case  of  yellows,  otherwise  the  colours  be- 
come dull.  The  brightest  yellows  are  those  ob- 
tained with  tin  mordant  in  single  bath.  The 
chromium  and  iron  colours  are  fast  to  light. 

Qiicrciiron-bark  is  not  much  used  in  dyeing, 
except  by  the  calico-printer,  because  of  its  com- 
paratively high  price.  With  the  different  mor- 
dants it  gives  shades  more  or  less  similar  to 
those  yielded  by  old-fustic  ;  the  yellows  produced 
by  the  aid  of  tin  mordant  are  brighter  and  more 
orange. 

Flavin,  which  consists  essentially  of  quer- 
cctin,  the  modified  colouring  of  quercitron-bark, 
is  almost  entirely  used  in  wool-dyeing,  and  chiefly 
for  bright  orange  or  yellow  in  conjunction  with 
tin  mordant  by  the  single-bath  process.  It  is 
used  along  with  cochineal  to  obtain  yellow  shades 
of  scarlet. 

Young-fustic  yields  fugitive  colours  ;  hence 
it  is  gradually  falling  into  disuse.  On  wool  mor- 
danted with  bichromate  of  potash  it  gives  a 
reddish-brown,  with  tin  mordant  a  bright  orange- 
yellow,  very  similar  to  that  given  by  quercitron 
bark  and  flavin. 

Persian -berries.  This  dyestuflf  is  chiefly 
used  by  the  calico-printer,  since  it  is  much  more 
expensive  than  other  yellow  colouring  matters, 
which  serve  the  purpose  of  the  dyer  equally  well. 
^yith  the  different  mordants  it  yields  colours 
similar  to  those  given  by  other  yellow  dyewoods. 
On  wool  it  produces  a  good  reddish-brown  with 
chromium  mordant,  and  with  tin  mordant  a  par- 
ticularly bright  orange.  The  olive  colour  obtained 
by  means  of  copper  mordant  is  remarkable  for 
its  fastness  to  light. 

Tuniicric  is  still  largely  used  in  wool,  silk, 
and  cotton-dyeing,  because  of  its  cheapness,  not- 
withstanding the  very  fugitive  character  of  the 


colour  it  yields.  Wool  and  silk  may  be  dyed 
yellow  without  making  any  addition  to  the  dye- 
bath,  bnt  brighter  colours  are  obtained  by  acidi- 
fying the  bath  with  aluminium  sulphate. 

Cotton  is  dyed  simply  by  immersion  in  a  hot 
decoction  of  turmeric,  without  having  been  pre- 
viously mordanted.  The  yellow  colour  thus  ob- 
tained is  fugitive  to  light,  and  is  changed  to 
reddish-brown  by  alkalis. 

Catechu  is  a  most  valuable  dyestuff,  and  is 
largely  used  in  cotton  and  silk-dyeing.  In  wool- 
dyeing  it  finds  little  or  no  employment. 

In  silk-dyeing  it  is  used  to  add  weight  to 
logwood  blacks.  After  mordanting  with  basic 
ferric  suli^hate  and  dyeing  Prussian  blue,  the  silk 
is  steeped  in  a  hot  and  strong  decoction  of 
catechu  with  or  without  the  addition  of  stannous 
chloride.  The  silk  absorbs  a  very  large  per  cent- 
age  of  catechol,  which  is  fixed  on  the  fibre  as  a 
tin-lake.  Mordanting  with  pyrolignite  of  iron 
and  dyeing  with  logwood  follow  the  weighting 
operation. 

Dark  browns  are  produced  on  silk  plush 
intended  to  imitate  seal-skin,  by  working  the 
silk  in  a  hot  catechu  decoction,  and  afterwards 
passing  into  a  solution  of  bichromate  of  potash. 

Cotton  is  dyed  brown  in  the  manner  just 
described  for  silk.  In  both  cases  the  catechol 
absorbed  by  the  fibre  is  oxidised  and  changed 
into  a  brown  insoluble  substance  called  japonic 
acid.  Dark  shades  are  best  dyed  by  repeating 
the  processes.  Catechu  may  be  used  instead  of 
tannic  acid  for  fixing  iron  mordant  previous  to 
dyeing  logwood  black,  or  as  a  mordant  for  basic 
coal-tar  colours.  Catechu  browns,  especially  on 
cotton,  are  extremely  fast  to  light  and  most  other 
agencies. 

Artificial  coloaring  matters.  This  group  in- 
cludes every  variety  of  colouring  matter,  basic, 
acid,  and  neutral,  and  their  methods  of  applica- 
tion are  very  varied,  although  they  are  in  some 
measure  always  dependent  upon  the  chemical 
constitution  of  the  individual  colouring  matters. 

Nitro-  colourinc]  matters.  The  important 
members  of  this  class  are :  picric  acid,  Victoria 
orange,  aurantia,  palatine  orange,  naphthaliu 
yellow,  naphtliol  yellow  S.  All  these  colour- 
ing matters  are  only  applicable  to  the  animal 
fibres,  which  are  dyed  in  a  bath  slightly  acidified 
with  sulphuric  acid.  The  colours  they  yield  are 
not  fast  to  light.  Picric  acid  yellow  is  remark- 
able for  its  extreme  freedom  froai  any  trace  of 
orange.  On  exposure  to  light  it  rapidly  becomes 
orange,  and  then  gradually  fades. 

Aznxy-  colouring  matters.  The  sole  represen- 
tative of  this  class  is  Curcurain  S, 
C,,H,(N,0)(NaSOJ,. 
It  is  applied  in  exactly  the  same  way  as  the  nitro- 
colouring  matters. 

Nitroso-  colouring  matters.  This  class  in- 
cludes fast-green  or  dark-green  and  naphthol- 
green  B.  In  conjunction  with  iron  mordants 
both  these  dyestuffs  give  olive-green  colours  re- 
markable for  their  fastness  to  light. 

Cotton  is  dyed  with  dark-green  by  mordant- 
ing with  iron  and  dyeing  in  a  neutral  bath. 
Wool  is  mordanted  with  ferrous  sulphate  and 
oxalic  acid,  and  dyed  in  a  neutral  bath.  Silk  is 
dyed  in  a  similar  manner. 

Naphthol-green  is  only  applicable  to  the 
animal  fibres.    Wool  is  dyed  in  a  single  bath 
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with  the  addition  of  ferrous  sulphate  and  sul- 
plauric  acid. 

Azo-  colouring  matters.  This  large  group 
comprises  several  sub-divisions :  amido-azo- 
colours,  oxy-azo-  colours,  benzidine  colours,  Ac. 

The  chief  amido-azo-  colours  are  aniline 
yellow,  chrysoidiue,  Bismarck  brown.  Of  these 
only  the  two  last  are  now  used,  the  first-named 
being  too  fugitive  and  sensitive.  Cotton  is  mor- 
danted with  tannic  acid  and  tartar  emetic,  and 
dyed  in  a  neutral  bath.  AVool  and  silk  are  dyed 
in  a  neutral  bath.  None  of  the  colours  produced 
are  fast  to  light.  Of  the  amido-azo-sulphonic- 
acid  colours  the  following  may  be  mentioned : 
Fast  yellow,  dimethylaniline  orange,  or  orange 
III.,  diphenylamine  orange  or  orange  IV., 
metanil  yellow,  brilliant  yellow,  and  azo-flavin. 
These  colours  are  not  suitable  for  cotton.  Wool 
and  silk  are  dyed  with  the  addition  of  sulphuric 
acid.  The  colours  are  only  moderately  fast  to 
light. 

The  oxy-azo-  colours  are  exceedingly  numer- 
ous, and  include  yellow,  orange,  red,  brown,  and 
black  or  dark-blue  colouring  matters.  They  are 
for  the  most  part  sulphonic  acid  colours,  and  are 
hence  specially  applicable  to  wool  and  silk, 
■which  are  dyed  in  an  acid  bath.  Although  many 
yield  colours  having  only  a  moderate  degree  of 
fastness  to  light,  others  are  very  good  indeed  in 
this  respect,  e.g.  the  tetrazo-  compounds,  such  as 
erocein  scarlet,  &c.  The  following  are  a  few  of  the 
leading  colours  of  this  class  :  Chrysoin,  orange  I., 
orange  II.,  orange  G,  Ponceau  K,  Biebrich  scarlet, 
erocein  scarlet,  fast  red,  archil  brown,  Bordeaux, 
amaranth,  naphthol  black,  wool  black,  &c. 

Of  these  colours  the  oranges  and  reds  present 
little  or  no  dilKculty  in  dyeing  if  the  temperature 
of  the  dye-bath  is  raised  very  slowly  to  the  boil- 
ing-point, but  the  browns,  Bordeaux,  and  dark 
blues  are  exceedingly  apt  to  dye  unlevel  shades, 
the  colour  being  for  the  most  part  precipitated 
on  the  surface  of  the  wool  or  silk.  To  prevent 
this  it  is  well  to  add  to  the  dye-bath  .5-10  p.c. 
on  the  weight  of  wool,  of  sodium  sulphate. 
Azarin  S  differs  somewhat  in  constitution  from 
the  foregoing.  It  is  a  non-sulphonated  azo-red, 
which  has  been  rendered  soluble  by  means  of 
bisulphite  of  soda.  It  is  specially  suitable  for 
cotton,  which  is  first  mordanted  with  aluminium, 
and  dyed  with  the  addition  of  sulphated-oil. 

An  interesting  method  of  dyeing  cotton  with 
the  azo-  colours  consists  in  immersing  the  cotton 
alternately  in  solutions  of  an  azo-  compound 
(('.;/.  diazo-bcnzene  chloride)  and  of  a  phenol. 
It  is  best  to  apply  the  phenol  solution  first,  and 
dry  the  fabric  before  passing  into  the  azo-  solu- 
tion. The  azo-  colour  is  precipitated  upon  the 
jibre,  and,  although  fairly  fast  to  light  and 
washing,  it  tends  to  rub  off. 

The  benzidine  and  allied  colouring  matters 
seem  likely  to  become  as  numerous  as  the  oxy- 
azo  colours.  Their  distinguishing  feature,  to 
which  they  owe  their  great  utility,  is  that  they 
dye  cotton  direct,  in  a  neutral  or  slightly  alkaline 
bath.  The  addition  of  a  certain  proportion  of 
common  salt  is  essential,  since  it  gives  deeper 
colours,  probably  because  it  tends  to  precipitate 
the  colouring  matter  upon  the  fibre. 

The  following  are  a  few  of  the  colours  of 
this  class :  Congo  red,  benzopurpnrin,  azo-bluc, 
benzo-azurin,  chrysamin,  Hessian  yellow,  Ac. 


Primulin  is  the  representative  of  a  specialclass 
of  amido-  colouring  matters  (containing  sulphur) 
which  dye  cotton  directly.  It  dyes  cotton  in  a 
neutral  bath  a  bright  yellow  colour.  If  the  dyed 
colour  is  azotised  by  passing  the  fabric  through  a 
solution  of  nitrous  acid,  a  variety  of  colours,  e.g. 
orange,  red,  brown,  and  blue,  can  be  developed 
from  it  by  further  passing  through  alkaline  solu- 
tions of  various  phenols  and  amines.  The  colours 
are  fast  to  soap,  but  not  to  light. 

Tartrazin  is  a  yellow  azo-  colour  of  special 
constitution  derived  from  phenyl-hydrazin,  but, 
being  a  sulphonic  acid  compound,  it  is  applied 
to  wool  and  silk  in  the  usual  manner,  and  is  not 
applicable  to  cotton.  It  is  specially  remarkable 
for  yielding  colours  which  are  extremely  fast  to 
light.  It  is  indeed  the  fastest  to  light  of  all 
yellows  now  known. 

Triplicnylmethane  colours.  This  class  includes 
the  most  important  basic  colouring  matters,  a 
few  sulphonic  acids  of  colour-bases,  and  one  or 
two  hydroxyl  compounds  of  little  importance  to 
the  dyer. 

The  basic  colouring  matters  comprise  the 
following :  Magenta,  rosaniline  blue  or  spirit- 
blue,  rosaniline  violet,  Hofmann's  violet,  methyl 
violet,  methyl  green,  benzaldehyde  green,  ethyl 
purple,  crystal-violet,  Victoria  blue,  night-blue, 
auramine. 

Wool  is  dyed  with  most  of  these  colours  in  a 
neutral  bath,  heating  gradually  up  to  the  boiling- 
point.  The  addition  of  sodium  acetate  in  small 
quantity  is  beneficial,  since  it  changes  the 
chlorides  of  the  colour-bases  into  the  acetates. 
Silk  is  dyed  in  a  neutral  bath  with  the  addition 
of  boiled-off  liquor,  i.e.  waste  soap-liquor  con- 
taining silk-glue.  The  exceptions  to  the  above 
rule  are  rosaniline  blue  and  violet,  which  require 
a  slight  addition  of  sulphuric  acid  to  the  bath; 
Victoria  blue  and  night-blue  require  either  the 
same  addition  or  a  little  acetic  acid  instead,  in 
order  to  prevent  precipitation  of  the  colouring 
matter  in  the  dyebath. 

Cotton  is  mordanted  with  tannic  acid  and 
tartar-emetic  and  dyed  in  a  neuti-al  bath. 

The  sulphonic  acid  colours  of  this  group  in- 
clude the  following  :  acid-magenta,  acid-violet, 
acid-green.  All  these  are  specially  suitable  for 
wool  and  silk-dyeing  and  are  inapplicable  to 
cotton,  the  former  being  dyed  with  the  addition 
of  sulphuric  acid  to  the  bath.  Soluble-blue  is 
also  an  acid  colour,  but  it  dyes  tannin  prepared 
cotton  fairly  well  ix  the  bath  is  acidulated  with 
alum. 

Alkali  blue,  green,  and  violet  are  also  sul- 
phonic acid  colours  specially  suitable  for  dyeing 
wool,  to  which  they  are  applied  in  a  special 
manner.  The  wool  is  boiled  with  a  solution  of 
the  alkali  salt  of  the  colour-acid,  for  which  it 
seems  to  possess  a  definite  attraction.  The 
fabric,  which  at  this  stage  has  only  a  pale  tint, 
is  then  passed  into  warm  dilute  sulphuric  acid, 
whereby  the  colour-acid  is  liberated  within  the 
fibre  which  thus  becomes  dyed,  a  full  colour 
being  developed. 

Of  the  hydroxyl  derivatives  of  triphenyl- 
methane  only  aurinehas  acquired  any  importance, 
but  it  is  not  now  used  in  dyeing  because  of  its 
extremely  fugitive  character.  None  of  the  tri- 
phenylinethane  derivatives  appear  to  be  fast  to 
light.  Wool  dyed  with  most  of  them  is  not  suitable 
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for  goods  which  have  to  be  milled,  since  the  colour  ' 
'  bleeds  ' ;  notable  exceptions  are  Victoria  blue 
and  night-blue.    Fixed  on  cotton  they  withstand 
the  action  of  soap  remarkably  well.  ! 

Phthalein  colouring  matters.  These  include 
two  classes  of  hydroxyl  derivatives.  The  mem- 
bers of  the  first  class  comprise  eosin,  erythrosin, 
rose-bengale,  phloxin,  cyanosin.  They  are  spe- 
cially suitable  for  wool  and  silk,  these  fibres 
being  dyed  in  an  acid  bath.  Cotton  impregnated 
with  lead  acetate  and  dried  may  also  be  dyed  in 
neutral  solutions,  a  lead-lake  being  formed  upon 
the  fibre.  All  the  above  colours  are  remarkable 
for  the  brilliancy  of  the  dyes  they  yield,  but 
which,  unfortunately ,  are  among  the  mostfugitive. 

Ehodamine  is  a  brilliant  pink  amido-  colour- 
ing matter  related  to  the  foregoing  and  re-  ; 
markably  fast  to  light.    It  is  a  basic  colouring  | 
matter,  and  applied  according  to  the  method 
usual  for  this  class  of  dyestulfs. 

The  second  class  of  phthalein  colours  in- 
cludes the  two  important  dyestuffs  gallein  and 
coerulein.     Unlike  the  foregoing  colours  they  i 
only  yield  useful  dyes  when  applied  in  conjunc-  , 
tion  with  mordants  which  must  of  necessity  , 
have  a  basic  character.  | 

Wool,  silk,  and  cotton  are  mordanted  accord- 
ing to  the  usual  methods  with  metallic  salts, 
and  dyed  in  a  separate  bath  with  the  colouring 
matters. 

Gallein  yields  with  chromium  mordant  a 
bluish-purple  colour,  with  aluminium  a  reddish 
l^urple,  with  iron  mordant  a  deeij-violet  colour. 
The  chromium  mordant  is  the  most  useful, 
especially  in  the  case  of  wool.  All  the  colours 
are  fairly  fast  to  light. 

Ccerulein  yields  with  the  different  mordants 
various  shades  of  olive-green,  all  of  which  are 
remarkably  fast  to  light.    In  wool-dyeing  the 
chromium  mordant  is  the  most  useful.  Coeru- 
lein S  is  the  soluble  sodium  bisulphite  compound 
of  ordinary  insoluble  cftirulein.    It  is  applied  I 
in  the  same  manner,  care  being  taken  to  dye  for 
some  time  at  a  temperature  of  50°-60°C.,  since  ; 
at  a  higher  temperature  it  is  decomposed,  the  I 
ordinary    insoluble   cii'rulein   being  liberated. 
Attention  to  this  point  ensures  more  level 
shades.    The  presence  of  lime  salts  in  the  dye 
bath  is  injurious.     Gallein  and  ccerulein  are 
very  useful  colouring  matters  to  apply  along  i 
with  anthracene  colours  in  order  to  obtain  com-  ; 
l^ound  shades  of  fast  brown,  olive,  &c.  j 

Anthracene  colouring  matters.  This  is  one 
of  the  most  important  classes  of  dyestuffs,  be- 
cause it  comprises  those  which  give  colours 
remarkable  for  their  fastness  to  light  and  other 
agencies.  The  colouring  matters  at  present  in 
use  are  alizarin,  anthrapurpurin,  flavopurpurin, 
purpurin,  nitro-alizarin  or  alizarin  orange, 
alizarin  blue,  anthragallol  or  anthracene  brown. 
All  these,  being  phenolic  colouring  matters,  re- 
quire the  aid  of  basic  mordants. 

The  various  fibres,  wool,  silk,  and  cotton  are 
mordanted  in  the  usual  manner  with  metallic 
salts,  and  then  dyed  in  separate  baths  with  the 
colouring  matters. 

Alizarin,  anthrapurpurin,  flavopurpurin, 
give  similar  shades  with  the  different  mordants, 
viz.,  brown  with  chromium,  red  with  aluminium, 
orange  with  tin,  purple  or  slate  with  iron  mor- 
dants. 


In  wool-dyeing  the  chief  mordants  employed 
are  bichromate  of  potash,  and  aluminium  sul- 
phate with  addition  of  cream  of  tartar.  With 
the  former  the  presence  of  lime  salts  in  the  dye 
bath  is  not  necessary,  but  with  the  latter  it  is 
all-essential,  the  best  form  being  calcium  ace- 
tate. The  coloured  lake  fixed  upon  the  fibre  is 
an  aluminium-calcium  compound  of  the  colour- 
ing matter.  The  usual  form  of  alizarin,  anthra- 
purpurin, and  flavopuipurin  is  that  of  thin 
watery  pastes  containing  20  p.c.  of  solid  matter, 
but  they  also  occur  in  the  form  of  powder  under 
the  name  of  alizarin  S,  2S,  .^S,  WS,  Ac.  These 
are  sulphonic  acids  of  the  ordinary  products,  and 
are  specially  useful  in  wool-dyeing  because  they 
are  more  soluble  and  yield  more  readily  level 
colours.  Their  method  of  application  is  exactly 
the  same.  With  the  chromium,  aluminium,  tin, 
and  iron  mordants  useful  single-bath  methods 
are  available. 

In  silk-dyeing  the  fibre  is  mordanted  as  usual, 
and  dyed  in  a  separate  bath  as  in  wool-dyeing. 

In  cotton-dyeing  these  colouring  matters  are 
chiefly  used  for  the  production  of  Turkey-red, 
the  essential  feature  of  which  is  that  it  pos- 
sesses a  remarkable  brilliancy  and  fastness  -  be- 
cause of  the  presence  on  the  fibre  of  oil  in 
a  modified  insoluble  form  in  conjunction  with 
the  alizarin  and  aluminium  mordant. 

The  preparation  of  the  fibre  with  olive  oil 
is  effected,  according  to  '  Steiner's  process,'  by 
passing  the  fabric  oiice  through  hot  oil  and 
then  several  times  through  weak  solutions  of 
alkaline  carbonate,  exposing  the  material  be- 
tween each  passage  to  a  temperature  of  70°C. 
in  a  stove.  After  removing  unchanged  oil  by 
means  of  warm  dilute  carbonate  of  soda,  the 
cotton  is  mordanted  in  a  slightly  basic  solution 
of  aluminium  sulphate  or  acetate,  washed  and 
dyed  with  alizarin.  After  dyeing,  the  colour  is 
rendered  brighter  by  boiling  under  pressure  with 
soap  to  which  a  little  stannous  chloride  may 
be  added.  This  process  is  only  suitable  for 
cloth. 

The  so-called  '  emulsion  process  '  employed 
for  cotton  yarn  differs  from  the  above,  mainly 
in  that  the  material  is  not  passed  through  hot 
oil,  but  receives  repeated  immersions  in  emul- 
sions composed  of  olive  oil  and  carbonate  of 
soda  or  potash,  being  exposed  after  each  immer- 
sion to  IQPC.  in  a  stove. 

Both  these  processes  seem  to  be  gradually 
giving  way  to  the  much  shorter  '  sulphated-oil 
process,'  in  which  the  cotton  is  impregnated 
with  an  alkaline  solution  of  sulphated  castor  oil 
or  olive  oil  and  then  dried.  Thus  prepared  it  is 
mordanted  with  basic  aluminium  sulphate  or 
acetate,  dyed,  dried,  steamed,  and  boiled  with 
soap  solution.  The  steaming  operation  after 
dyeing  helps  materially  to  brighten  and  fix  the 
colour-lake  upon  the  fibre. 

In  all  these  processes  the  oil,  in  the  form  of 
a  modified  fatty  acid,  acts  the  part  of  a  tixing- 
agent  for  the  alumina,  and  enters  into  the  com- 
position of  the  red  lake,  imparting  to  it  both 
brilliancy  and  permanency. 

Nitro-alizarin  is  applied  to  the  various  fibres 
in  exactly  the  same  way  as  alizarin.  Its  chief 
employment  is  in  wool-dyeing,  with  bichromate 
of  potash  as  the  mordant,  for  the  production  of 
compound  shades.  It  gives  a  reddish-brown,  very 
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Bimllar  in  shade  to  that  given  by  madder.  With 
aluminium  and  tin  mordants  it  gives  an  oran<^e 
colour,  with  copper  a  brownish-red,  and  witli 
iron  a  purplish-brown. 

Alizarin  blue  occurs  either  in  an  insoluble 
form  as  a  dark  blue  almost  black  paste,  or  in  a  j 
soluble  form  as  a  reddish-brown  paste.  The 
latter,  known  as  alizarin  blue  S,  is  the  sodium 
bisulphite  compound  of  the  former.  Both  forms 
are  used  principally  in  wool-dyeing,  the  material 
being  mordanted  with  bichromate  of  potash. 
With  alizarin  blue  S  care  must  be  taken  to  dye 
for  some  time  at  50°-G0^"C.,  since  above  this 
temperature  the  compound  decomposes,  yield- 
ing the  insoluble  form  which  does  not  penetrate 
the  fibre  so  well.    Calcareous  water  is  not  bene- 
ficial, and  the  dye  bath  should  always  be  acidified 
slightly  with  acetic  acid.    All  the  metallic  mor-  , 
dants  give  various  shades  of  blue,  that  yielded 
by  chromium  is  a  rich  purplish-blue.     When  ' 
used  in  combination  with  ccerulein,  nitro-aliza-  i 
rin,  Ac,  very  deep-blue  shades  may  be  obtained  I 
very  similar  to  those  yielded  by  vat-indigo,  for  i 
which  alizarin  blue  seems  likely  to  become  a 
serious  rival.    It  yields  colours  fast  to  light, 
milling,  and  all  natural  agencies. 

Satisfactory  results  may  be  obtained  also  in 
silk  and  cotton-dyeing  by  adopting  the  usual 
methods  of  mordanting  and  dyeing  in  separate 
bath. 

Anthragallol  or  anthracene  brown  is  prin- 
cipally used  in  wool-dyeing,  and  with  bichrom- 
ate of  potash  mordant  gives  dark -brown  shades 
remarkable  for  fastness  to  light  and  other 
agencies.  It  is  apx^lied  in  the  same  manner  as 
alizarin. 

NapMhamrin,  the  alizarin  of  naphthalene, 
is  now  employed  as  a  sodium  bisulphite  com- 
pound in  wool-dyeing  under  the  name  of 
alizarin  black.  It  is  applied  in  the  same 
manner  as  alizarin  blue  S,  and  with  chromium 
mordant  yields  a  somewhat  brownish-black, 
very  fast  to  light  and  other  agencies.  Its  chief 
use  is  for  the  production  of  compound  shades. 

Galloflavin,  although  not  an  anthracene 
colour,  is  best  mentioned  here  because  it  is  ap- 
plied in  the  same  manner  as  the  foregoing.  It 
is  prepared  by  oxidising  an  alkaline  solution  of 
gallic  acid  at  a  low  temperature,  and  is  sold  as 
a  yellowish  paste.  In  wool-dyeing,  where  it  is 
chiefly  employed  for  compound  shades,  it  gives 
with  the  various  mordants  colours  very  similar 
to  those  given  by  old-fustic. 

Quinoline  and  acridine  colouring  matters. 
The  members  of  this  group  are — flavaniline, 
quinoline  red,  quinoline  blue,  alizarine  blue, 
chrysaniline  or  phosphine,  and  quinoline  yellow. 
Of  these  only  the  last  three  are  now  of  any  prac- 
tical importance. 

Alizarin  blue  has  already  been  spoken  of  as 
an  anthracene  colour. 

Plwsphine,  being  the  hydrochloride  of  a 
colour-base,  is  a  basic  colouring  matter,  and  is 
applied  in  exactly  the  same  mr.nner  as  magenta. 
It  yields  a  dull  orange  colour  not  remarkable  for 
any  special  feature.  Being  very  expensive  it  is 
now  very  little  used. 

Quinoline  yellow  is  the  sodium  sulphonatc  of 
quinophthalin  and,  as  such,  is  applicable  only 
to  the  animal  fibres  in  an  acid  bath.  It  dyes 
wool  and  silk  a  pure  yellow  colour  exactly 
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similar  to  that  given  by  picric  acid,  but  wliich  pos- 
sesses the  advantage  of  greater  fastness  to  light, 
Indamine  and  indophenol  colouring  matters. 
To  this  group  belong  Bindschedler's  green, 
toluylene  blue,  and  indophenol  blue.  Of  these, 
only  the  last-mentioned  has  been  employed  in 
practice  for  dyeing.  Formerly  the  calico  and 
woollen  printer  obtained  indigo-blue  shades  by 
printing  on  the  fabric  a  tin-reduction  compound 
(indophenol-white),  steaming  and  developing  the 
colour  by  passing  through  a  solution  of  bi- 
chromate of  potash.  The  colour  was  very  sensi- 
tive to  acids,  whereby  it  was  changed  at  once  to 
a  reddish  brown.  Indophenol  blue  is  now  used 
along  with  indigo  for  dyeing  cotton,  employing 
a  hyposulphite  vat  containing  stannous  chloride. 

Thionine  colouring  matters.  Methijlene  blue 
is  an  important  colouring  matter  of  this  group. 
It  is  of  a  basic  character,  and  consequently  ap- 
plied to  the  various  fibres  in  exactly  the  same 
manner  as  magenta.  It  is  only  used  in  cotton- 
dyeing  for  dark  indigo-blue  shades,  for  which 
purpose  the  fibre  is  mordanted  with  tannic  acid 
and  nitrate  or  acetate  of  iron. 

Oxazine  colouring  matters.  Gallocyanin  or 
Fast  violet,  is  a  useful  dye-stuff  which  dyes 
wool  and  silk  direct,  but  being  of  a  phenolic 
character  it  may  also  be  fixed  on  these  and 
also  vegetable  fibres  by  means  of  mordants, 
when  it  yields  more  permanent  colours.  It 
yields  various  tones  of  purple  with  the  different 
mordants,  of  which  chromium  is  the  most  useful. 

Prune  is  closely  allied  to  gallocyanin,  and  is 
similarly  applied. 

Mcldola's  blue  or  NevJ  blue,  and  Musearin, 
are  allied  dark-blue  colouring  matters  specially 
applicable  to  cotton  prej^ared  with  tannic  acid 
I  and  tartar-emetic.    The  former  is  very  fast  to 
I  light. 

I  Nile  blue  is  a  bright  blue  amido-  colouring 
I  matter  of  this  class  suitable  for  cotton  and 
I  applied  in  the  same  manner  as  Mcldola's  blue, 
j  It  is  not  fast  to  light. 

Aziue,  eurhodine,  and  safFranine  colouring 
matters.  This  group  comprises  the  following 
commercially  useful  colouring  matters — neutral 
red,  or  toluylene  red,  neutral  blue,  neutral 
violet,  and  saffranine.  All  these  are  basic  co- 
louring matters,  and  are  applied  to  the  various 
fibres  according  to  the  methods  suitable  for  this 
class.  They  are  chiefly  employed  in  cotton- 
dyeing.  When  fixed  on  cotton  with  tannic  acid 
and  tartar-emetic  they  are  fast  to  soap,  and 
also  tolerably  fast  to  light,  at  least  very  much 
more  so  than  the  basic  colouring  matters  of 
the  triphenylmethane  group. 

Closely  related  to  the  foregoing  is  Magdala- 
red,  an  expensive  colouring  matter,  now  only 
occasionally  employed  in  silk-dyeing  for  produ- 
cing certain  delicate  shades  of  pink.  It  is  a 
basic  colouring  matter,  and  is  applied  in  a 
neutral  or  slightly  acid  dye-bath.  The  colour  it 
gives  is  not  fast  to  light. 

Mauve,  or  rosolan,  seems  also  to  be  related 
to  the  foregoing.  It  is  a  basic  colouring  matter, 
and  is  applied,  therefore,  in  the  same  manner  as 
magenta.  On  cotton  it  yields  a  tolerably  fast 
violet  colour. 

Induline  colouring  matters.  This  group 
comprises  a  number  of  dark-blue  and  grey  dye- 
stuffs  \eij  similar  to  each  other  in  general  pro- 
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peitles  and  methods  of  application,  e.g.  induline, 
nigrosine,  bleu  Coupier,  azo-diphenyl  blue,  &c. 
lieing  all  sulphonic  acids  they  are  applied  in  an 
acid  dye-bath,  principally  in  wool  and  silk-dye- 
ing. The  colours  they  yield  are  tolerably  fast 
to  light,  and  have  in  silk-dyeing  almost  entirely 
replaced  vat-indigo  blues.  In  wool-dyeing  they 
are  less  useful,  chiefly  because  it  is  diflicult  to 
obtain  level  colours. 

Aniline  black  is  a  colouring  matter  of  un- 
known constitution,  and  the  only  important 
member  of  its  class.  It  is  not  a  commercial 
article,  but  has  to  be  produced  upon  the  fibre 
itself.  Its  application  is  almost  entirely  confined 
to  the  cotton  fibre,  since  silk  and  wool,  especially 
the  latter,  hinder  the  formation  of  the  colour. 
Aniline  black  is  a  product  of  the  oxidation  of 
aniline.  Cotton  is  dyed  by  immersing  it  for  about 
two  hours  in  a  cold  solution  containing  aniline 
hydrochloride,  bichromate  of  potash,  and  hydro- 
chloric acid  sufficient  to  liberate  chromic  acid. 
Insoluble  aniline  black  is  gradually  produced 
and  largely  attracted  by  the  immersed  cotton. 
Another  method  is  to  impregnate  the  cotton  with 
a  solution  containing  aniline  hydrochloride, 
sodium  chlorate,  and  vanadium  or  copper  chlor- 
ide ;  after  drying,  the  fabric  is  rapidly  steamed 
or  passed  through  a  heated  chamber,  and  finally 
through  a  boiling  solution  of  bichromate  of 
potash  and  sulphuric  acid.  The  latter  method 
produces  a  black  not  liable  to  rub  oU,  a  defect 
which  is  common  to  the  first  method.  A  usual 
defect  with  ordinary  aniline  black  is  that  it 
gradually  assumes  a  greenish  hue  under  the  in- 
fluence of  acids  (e.g.  sulphurous  acid),  but  this 
is  removed  if  the  black  is  highly  oxidised,  as  for 
example,  by  passing  rapidly  through  a  boiling 
solution  of  dilute  chromic  acid,  as  described. 

Cachou  de  Laval  is  a  dyestuil  produced  by 
heating  waste  vegetable  matter  with  sodium  sul- 
phide. It  is  employed  in  cotton-dyeing  for  pro- 
ducing fast  shades  of  grey  and  drab.  The  cotton 
is  first  worked  for  some  time  in  a  hot  concen- 
trated alkaline  solution  of  the  colouring  matter, 
and  afterwards  passed  into  a  solution  of  copper 
sulphate,  ferrous  sulphate,  or  bichromate  of 
potash. 

Mineral  colouring'  matters.  This  group  in- 
cludes chrome  yellow,  ii-on-buff,  manganese 
brown,  and  Prussian  blue,  all  of  which  are  spe- 
cially suitable  for  cotton-dyeing. 

Chrome  yelloiv  is  produced  on  cotton  by  im- 
pregnating the  fibre  with  a  lead  salt  solution, 
drying,  and  passing  into  a  solution  of  bichromate 
of  potash.  The  chief  defects  of  this  colour  are 
that  it  is  poisonous  and  readily  affected  by  hy- 
drogen sulphide. 

Iron-buff  is  obtained  by  impregnating  cotton 
■with  a  ferric  salt  solution,  and,  after  squeez- 
ing, passing  through  a  solution  of  carbonate  of 
Eoda. 

Manganese  brown  is  produced  on  cotton  by 
impregnating  the  fibre  with  manganous  chloride, 
passing  it  through  dilute  caustic  soda,  and, 
finally,  through  a  dilute  solution  of  bleaching 
powder  in  order  to  change  the  precipitated  man- 
ganous hydrate  into  dark-brown  manganic  hy- 
drate. The  colour  is  fast  to  light,  acids,  and 
alkalis,  but  very  sensitive  to  reducing  agents, 
e.g.  sulphurous  acid,  by  which  it  is  rapidly 
bleached. 


I  Prussian  blue  is  obtained  by  simply  passing 
cotton  dyed  with  iron-bufi  through  a  cold  acidu- 
^  lated  solution  of  potassium  ferrocyanide.  This 
colour  is  extremely  fast  to  light,  but  readily  de- 
composed by  the  action  of  alkalis.  It  is  chiefly 
[  employed  in  cotton-dyeing,  and  incidentally  in 
silk-dyeing  in  the  production  of  certain  blacks. 

Ihe  dyeing  of  mixed  fabrics  of  cotton  and 
wool  is  carried  out  either  by  selecting  those 
colouring  matters  for  which  both  fibres  have  an 
attraction,  e.g.  the  benzidine  colours  etc.,  or 
more  usually  by  first  dyeing  the  wool  with  an 
acid  colouring  matter  in  the  usual  manner,  then 
mordanting  the  cotton  with  tannic  acid  and 
tartar-emetic  or  stannic  chloride,  and  dyeing  in 
the  cold  with  a  basic  colouringmatter.  Logwood 
blacks  are  dyed  by  first  mordanting  the  cotton 
in  the  cold  with  tannic  acid  and  nitrate  of  iron, 
then  the  wool  with  a  boiling  solution  of  bi- 
chromate of  potash,  and  finally  dyeing  both 
fibres  thus  mordanted  in  a  hot  decoction  of 
logwood.  Mixtures  of  cotton  and  silk  are  dyed 
by  methods  similar  to  those  employed  for  cotton 
and  wool.  Fabrics  of  wool  and  silk  are  dyed  by 
methods  similar  to  those  usual  for  wool  or  silk 
alone. 

When  dyeing  compoimd  sliades,  the  main 
principle  to  be  observed  is  to  apply  simul- 
taneously only  such  colouring  matters  as  are 
applicable,  when  used  singly,  by  methods  as 
similar  as  possible  to  each  other.  Basic  and 
acid  colouring  matters  ought  not  to  be  applied 
together  in  the  same  dye-bath,  since  the  one 
requires  a  neutral,  the  other  an  acid  bath  iu 
order  to  yield  their  full  colouring  power.  Basic 
colouring  matters,  however,  may  be  quite  well 
ai^plied  to  mordanted  cloth  along  with  phenolic 
colouring  matters,  since  both  these  classes  dye 
usually  in  a  neutral  bath. 

It  is  very  irrational  to  produce  compound 
shades  by  the  application  of  fast  and  fugitive 
colours ;  the  best  results  are  obtained  by  em- 
ploying colouring  matters  of  about  equal  fast- 
ness to  various  influences.  If  this  rule  is  not 
observed  the  dyed  colour  is  liable  to  change 
materially  in  shade  under  those  influences  to 
which  it  is  subsequently  submitted,  e.g.  light, 
washing,  &c. 

For  further  information  on  the  subject  of 
dyeing,  consult  the  following  works  of  reference : — 
1835-Eecherches    chimiques  sur  la  -tein- 
18()1.     ture.    E.  Chevreul. 

1845.  L'art  de  la  teinture  des  laines. 

D.  Goafreville. 

1846.  Trait6  theorique  et  pratique  de  I'im- 
pression  des  tissus.    J.  Persoz. 

1847.  Precis  de  l'art  de  la  teinture. 
J.  Dumas. 

1849.  Dyeing  and  Calico-printing. 

E.  A.  Parnell. 
1855.  Handbuch    der  Seidenfarberel. 

P.  David. 

18G0.  The  Chemistry  of  Calico-printing,  Dye-'' 

ing,  and  Bleaching.    C.  O'Neill. 
1804.  Dictionary  of  calico-printing  and  dye- 
ing.   C.  O'Neill. 
1SG7.  Traite  des  mati^res  colorantes. 
P.  Schiitzenberger. 
Die  Spinnfasern  und  die  im  Pflanzen-' 
und    Thierkorper  vorkommenden 
Tarbstoffe.    P.  A.  BoUey. 
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Blanchiment,  blancliissage,  appl  et,  im- 
pression et  teinture  des  tissus. 

D.  Kaeppelin. 

1868.  Aniline  and  its  Derivatives.  Eeimann. 

1869.  The  Secrets    of  the  Art  of  Dyeing. 

E.  C.  Haserick. 

Tlie  Art  of  Dyeing,  Cleaning,  Scouring, 
and  Finishing.    T.  Love. 

1871.  Aide-memoire  pratique  du  teinturier. 

G.  Van  Laer. 

1872.  Traite  pratique  de  la  teinture,  I'im- 

pression  sur  &to&es,  et  du  blancliis- 
sage.   M.  de  Vinant. 

1873.  Traite  des  derives  de  la  houille.  Girard 

et  De  Laire. 

1874.  A  Practical  Handbook  of  Dyeing  and 

Calico-printing.    W.  Crookes. 
A  Manual  of  Dyeing  and  Dyeing  Re- 
ceipts.   J.  Napier. 
Die    Priifung    der  Zeugfarben. 

W.  Stein. 

Traite  des   mati^^res  colorantes  arti- 

ficielles.    Bolley  et  Kopp. 
Anilin-Fiirberei.    A.  Beckers. 
Fiirberei  und  Druckerei.    A.  Spirk. 
Die  Wollengarn-Fiirberei.  Eichter  und 

Braun. 

Musterbuch  der  Baumwoll-Fiirberei. 
Wieland  und  Stein. 

1875.  Die  Colorie  der  Baumwolle.  C.  Romen. 

1876.  Cantor  Lectures — course  of  six  lectures 

on  wool-dyeing.    G.  Jarniain. 
Textile  Colourist,  4  vols.    C.  O'Neill. 
Dyeing  and  Calico-printing. 

F.  C.  Calvert. 

Tintura  della  seta.    L.  Ponci. 

1877.  Trait6  de  la  teinture  des  soies. 

M.  Moyret. 
Die  Seidenfiirberei.    W.  Schmid. 

1878.  Die  Fabrikatioa  der  Anilinfarbstoffe. 

J.  Bersch. 

Handbuch  der   gesammten  Wollen- 
fiirberei.    V.  Joclet. 

Die  Wollen-  und  Halbwollen-Stiickfiir- 
berei.    H.  Priifer. 

The  Practice  and  Principles  of  Calico- 
printing,  Bleaching  and  Dyeing. 
C.  O'Neill. 

The  American  Dyer.    R.  H.  Gibson. 

1879.  Progres   de  I'industrie  des  matieres 

colorantes  artiticielles.    A.  Wurtz. 
The  History  of  Alizarin  and  Allied 
Colouring  Matters.    W.  H.  Perkin. 

1880.  La  teinture  nioderne.    M.  Singer. 
The  Practical  Dyer's  Guide.  1).  Smith. 
Bleicherei,    Fiirberei,    Appretur  der 

Baumwollen  und  Leinenwaaren. 

C.  Romen. 
Musterbuch  der  Baumwollgarnfiirberei. 

Rudloff  und  Stein. 
Encycloi^ffdia  of  Industrial  Arts  and 

Manufactures.    E.  &  F.  N.  Spon. 
Auerbach's  Anthracene.    W.  Crookes. 
Die  kiinstUch  erzeugten  organischen 

Farbstoffe.    R.  Meyer. 


Lexicon  der  Farbwaaren.  F.  Spring- 
miihl. 

Mati^^res  textiles  et  Matieres  tinc- 
toriales.  Leii-ons  de  chimie,  IV. 
.J.  Giiardin. 

1881.  The  Structure  of  the  Cotton  Fibre. 

F.  H.  Bowmann. 

1882.  The  English  Dyer.    D.  Smith. 

The  American  Practical  Dyer's  Com- 
panion.   F.  J.  Bird. 

Dyeing     and  Tissue-printing. 
W.  Crookes. 

Les  proc6des  chimiques  de  blanchi- 
ment, de  teinture,  Ac.  P.  Schiitzen- 
berger. 

1883.  La  teinture  du  coton.    A.  Renard. 

1884.  Bleaching,  Dyeing  and  Calico-printing. 

J.  Gardner. 
La  teinture  au  dix-neuvieme  siecle. 

T.  Orison. 
188.5.  The  Dyeing  of  Textile  Fabrics. 

J.  J.  Hummel. 
Die  Beizen.    H.  Wolff. 
The  Structure  of  the  Wool-tibre. 

F.  H.  Bowmann. 

1886.  Die    Chemie  des  Steiukohlentheers. 

G.  Schultz. 

Fortschritte  und  Verbesserungen  der 
Wollenstiickfiirbeiei.  E.  H.  An- 
garyd. 

1887.  The    Printing    of    Cotton  Fabrics. 

A.  Sansone. 
Die  kiinstliclien  organischen  Farbstoft'e 
P.  Julius. 

1888.  Tabellarische  Ucbersicht  der  kiinst- 

lichen  organischen  Farbstoft'e. 

G.  Schultz  und  P.  .Julius. 
Fortschritte  der  Theerfarbenfabrika- 

tion.    P.  Friedliindev. 
Dyeing.    A.  Sansone. 
Chemische  Technologic  der  Gespinnst- 

fasern.    Otto  N.  Witt. 
Die  Anilinfarben  und  ihre  Fabrikation. 

K.  Heumann. 
The  Practical  Ostrich  Feather  Dyer. 

A.  Paul. 

1889.  Die  Fabrikation  der  Theerfarbstoffe. 

W.  Harmsen. 
Chemie  der  organischen  Farbstoffe. 

R.  Nietzki. 
The  Chemistry  of  the  Coal-tar  Colours. 

Benedikt  and  Knecht. 
Histoire  du  Noir  d'Aniline. 

E.  Noelting. 
Die    Echtfiirberei   der  losen  Wolle. 

A.  Delmart. 

J.  J.  H. 

DYNAMAGNITE  v.  Explosives. 

DYNAMITE  v.  Explosives. 

DYSODIL.  A  soft  laminated  carbonaceous 
substance  of  a  yellowish  grey  or  green  colour, 
burning  with  a  luminous  flame,  and  a  smell 
resembling  that  of  burning  caoutchouc.  Found 
in  Sicily  and  in  Bavaria  (Fricklinger,  J.  M. 
1875,  760  ;  also  Church,  C.  N.  34,  155). 
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